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Introduction

Thank you for licensing CAEPIPE (pronounced kay-pipe), the simple yet powerful software
for solving a variety of piping design and stress analysis problems in several industries such
as energy, process and aerospace.

CAEPIPE performs linear and nonlinear static and linear dynamic analyses of piping systems
by imposing various loads such as deadweight, thermal, seismic, wind, spectrum, time history
or harmonic, and calculates displacements, forces, moments, stresses, support loads etc.
Further, it checks whether the piping system is piping code and guideline compliant (ASME,
B31, European, Swedish, API 610, etc.) and produces concise, formatted and easy to
understand reports.

For rapid modeling, CAEPIPE offers you a friendly and productive user interface that
rigorously adheres to Windows standards. Open up to four windows simultaneously to get
feedback on different aspects of the model. Extensive graphical display capabilities allow you
to zoom, pan, rotate the image and see the model from different viewpoints. CAEPIPE uses

the industry standard OpenGL® to render 3D images realistically for easy visualization. As
the model is input and modified, CAEPIPE updates the graphics simultaneously to provide
visual feedback. It animates deflected shapes and mode shapes, and shows color-coded stress
contours, among others.

A true powerhouse in its speed of operation, CAEPIPE uses advanced Windows
programming techniques such as intelligent repainting, scroll box tracking, multithreading,
memory-mapped files for faster data access, among others, to make your job easier and
faster. Every effort is made to keep the program and data file sizes small (e.g., program size is
~2 MB! And a 665-element piping model is 85 KB!).

Many thoughtful and useful details in the program allow you to work more productively. For
example, you can annotate your model with copious comments for enhanced
documentation, or duplicate repetitive input with one hotkey combination or rotate sections
of the model with one operation. No unnecessary buttons clutter the toolbar nor are you
forced to use a mouse unnecessarily. The many thoughtful keyboard shortcuts, too, add to
your productivity.

Overall, CAEPIPE stands peerless among the tools available today for piping design and
stress analysis. We invite you to explore the software so that you can make full use of its
capabilities. Our friendly and knowledgeable support engineers are available to assist you.
Should you need to reach them, please email: support(@sstusa.com.

Three sections make up this manual:

1. Explanation of menus from the different CAEPIPE windows,
2. An alphabetically arranged Technical Reference section, and
3. Appendices with related information.

The manual ends with an index.



Installation

Installing CAEPIPE takes two easy and quick steps after you connect the hardware key
securely to a USB port of your computer.

1. Install the hardware key driver and server software (from the CD or executable), and
2. Install CAEPIPE software.

In addition to the software required for steps 1 and 2 above, the supplied Compact Disc
(CD) also contains other helpful material such as an Information document with a list of
technical features, a CAEPIPE Tutorial and utilities such as a hardware key finder if you
have trouble. Feel free to browse and install whichever is required, or contact our support
staff for assistance.

When you insert and “Autoplay” the CAEPIPE CD, it will open a window similar to that
shown below on the left. Click on the CAEPIPE button (on the right). You will be shown
another window similar to the image shown below on the right.

CAEPIPE from SST Systems, Inc.

CAEPIPE

Step 1: Install Driver L

Step 2: Install CAEPIPE |

CAEPIPE Documents |

Previous Menu ‘

Exit |

info@sstusa.com
(408) 452-8111
(408) 452-8388 - f
www .sstusa.com

CAEPIPE"

First, click on “Step 1: Install Driver” button to install the hardware key driver and server
(Sentinel Protection Installer xxx.exe) and follow all the steps shown until you see
confirmation of driver installation.



Installation

CAEPIPE from SST Systems, Inc.

Step 1: Install Driver L_

Step 2: Install CAEPIPE |

CAEPIPE Documents |

Previous Menu ‘

Exit |

info@sstusa.com
(408) 452-8111

(408) 452-8388 - f
www.sstusa.com

CAEPIPE"

Second, click on “Step 2: Install CAEPIPE” button to install CAEPIPE software.

CAEPIPE from SST Systems, Inc.

Step 1: Install Driver L

Step 2: Install CAEPIPE |

|
CAEPIPE Documents |

Previous Menu ‘

Exit |

info@sstusa.com
(408) 452-8111

(408) 452-8388 - f
www.sstusa.com

CAEPIPE"




Installation

You will now see the following interactive screens one after another in which you will have
to answer the usual installation questions. Respond appropriately.

Setup |

Click Next to continue.
3 Setup - CAEPIPE & 3 |

Welcome to the CAEPIPE Setup
Wizard

Thiz will ingtall CAEPIPE on your computer.

[tig strangly recommended that you cloze all other applications
vou have running before continuing. This will help prevent any
conflicts during the inztallation process.

Click MNest to continue, aor Cancel bo exit Setup.

Mext > I Cancel




Installation

You must accept the terms of the License agreement by clicking on Yes before proceeding.

+, Setup - CAEPIPE

License Agreement
Fleaze read the following important information before continuing.

Fleaze read the following Licenze Agreement. Llze the zcroll bar or press the Page
Do key to wiew the rest of the agreement.

"_IEENSE AGREEMEMT between the End User and 55T Spstems, Inc. ﬂ

BY IMSTALLING THE FULL CAERPIPE SOFT'WARE, v'OU, THE LICEMSEE,
ACKMNOWLEDGE THAT vOU HAVE READ THIS AGREEMENT AMD AGREE TO
ALL TERMS AND COMDITIONS STATED HEREIN.

Thiz agreement iz being made bebween 55T Spstems, Inc., a Califormia corporation
having a principal place of buziness at 1738 Technology Or., Suite 236, San Joze,
California 951101399 [hereinafter "LICEMS0R"] and your company, a Corporation,

-
lsmisiimm = mlmmm mF bogsismss sk e S i A (s = b LT CRICCE'N —I

Do you accept all the terms of the preceding License Agreement™ I you choose Mo,
Setup will cloze. To install CAEPIPE . pou must accept this agreement.

S5 Spstems, (nc.

< Back | ez Mo

A copy of the license agreement (PDF file) is available on the distribution CD.

We recommend installing the software to the default folder shown during installation. If you
have previous installations of CAEPIPE, it will be helpful to name the Start menu folder
differently for the new version (e.g., CAEPIPE-681 for version 6.81).



Installation

+, Setup - CAEPIPE

Select Destination Directory
W'here should CAEPIFPE be installed?

Select the folder where pou would like CAEFIPE to be installed, then click Mext.

C:CAEPIFENEET

i
; B3
; BB1-Eval
; BE1LM

& o =

The program requires at least 6.0 MB of digk space.

S5 Spstems, (nc.
< Back I MHest > I Cancel |

?, Setup - CAEPIPE

Select Start Menu Folder
Where should Setup place the prograr's sharkcuks?

Select the Start Menu faolder in which you would like Setup to create the program'z
ghortcuts, then click Mest.

CAEPIPE E.8

Advanced Renamer

Allvazy Sync

AMD WISION Engine Control Center

Autarun Maestro

avast! [nternet Security

CAERIFE B.81

CAEPIPE-631-Evaluation

CAERIPE-S5TLM B.81

r:alibre B4Rt - F-honk M ananement j

Arccezsones -
Adrinistrative Toalz

S5 Spztems, [he.

< Back I et > I Cancel |




Installation

+, Setup - CAEPIPE

Select Additional Tasks
W'hich additional tazks should be performed?

Select the additional tazks wou would like Setup to perform while instaling CAEPIPE.
then click Mest.

Additional icons:

[+ Create a desklop icon

S5 Spstems, (nc.

< Back I MHest > I Cancel |

?, Setup - CAEPIPE

Ready to Install
Setup iz now ready to begin instaling CAEFIPE an vour compuker.

Click Inztall ko continue with the installation, ar click Back if vou want to review or
change any settings.

Degtination directon: ;l
C:HCAEPIPEREET

Start kenu folder:
CAEFRIPE E£.81

Additional tasks:
Create a deskbop icon

4 _>IJ
S5 Spztems, [he.
< Back I [nztall I Cancel |




Installation

+, Setup - CAEPIPE

Ready to Install
Setup iz now ready to begin instaling CAEPIPE on your computer.

Click Inzstall to continue with the installation, or click Back if you want to review or
change any settings.

D estination directony: ﬂ
C:ACAEPIFEYEET

Start Menu folder:
CAEFIPE B.81

Additional tasks:
Create a desktop icon

4 o

S5 Spstems, (nc.
< Back I [rgtall I Cancel |

Once you have picked your choices, you can now begin to install by clicking on “Install” or
use the “<Back” button to return to previous screens to change your choices.

J Setup - CAEPIPE !EIE:!

Setup has finished installing CAEPIPE on your computer. The
application may be launched by zelecting the installed icons.

Click Finish to exit Setup.

v Launch CAEPIPE




Installation

After installation, you can execute CAEPIPE by double clicking on the Desktop icon or by
selecting CAEPIPE from the newly created CAEPIPE folder on the Start menu. To uninstall
CAEPIPE from your computer, select Uninstall CAEPIPE from the CAEPIPE folder on
the Start menu.

NETWORK VERSION SETUP

For a network license too, you need to perform the same two steps as shown earlier in this
topic. Step 1 is performed, however, on a server or a PC that is always available as it will act
as the CAEPIPE license server. Once step 1 finishes, connect the USB hardware key, and
ensure that the LED on the key lights up. Then, using the supplied CAEPIPE CD, install
CAEPIPE (Step 2) on any PC on your network.

LICENSE ACCESS ACROSS NETWORK

To access a CAEPIPE license, for hardware keys marked "SuperProNet", you must define
an environment variable called NSP_HOST on the client PC and point it to the server or PC
that has the hardware key connected to it (from Step 1).

Create a new User/System variable in the Environment Variables dialog with the following
configuration:

Variable: NSP_HOST
Value:  Computer name or Computer IP Address (of server/PC where key is connected)

For detailed instructions on CAEPIPE network license installations, go to the following
support pages on our website:

http://www.sstusa.com/caepipe-install.php

http://www.sstusa.com/caepipe-nsphost.php

http://www.sstusa.com/hardware-key-faq.php

WAN setup note: For WAN access, you must open any UDP packet communication among
your routers on UDP port 6001.

If you don't open the UDP port, or don't set the environment variable (NSP_HOST), there
may be a packet loss leading to access error. If no NSP_HOST is configured, then
CAEPIPE's broadcast to the network via the UDP packet looking for the server might get
lost, timing out the client with the "Status = 3, Key not found." Setting the NSP_HOST to
the IP address of the machine with the key avoids the packet broadcast, and finds the
specific machine with the specified IP address quickly.


http://www.sstusa.com/caepipe-install.php
http://www.sstusa.com/caepipe-nsphost.php
http://www.sstusa.com/hardware-key-faq.php

This page is blank



Menus

This section explains the commands under the different menus in the four independent
CAEPIPE windows: Layout, Graphics, List and Results. Each window contains its own
menu and toolbat.

Many commands have keyboard shortcuts, shown next to the Command in the drop-down
menu and also in online Help.

The menu items (commands) are shown as

For the dialogs, the tabs are shown as

[Tab|

and the buttons are shown as



Main Window File Menu

The Main window is the first window you encounter when you start CAEPIPE.

=i Caepipe
File Help

MAIN WINDOW DISPLAYED
UPON STARTING CAEPIPE

File Menu

This menu contains commands to open files and set user preferences.

Mew., .. Chrl4+M
Qpern. .. Chr+D
Recent models *

Cpen last model  Enker
Cpen resulks, ..
Irnpart, ..

Preferences. ..

Exit At +F4

New (Ctrl+N)

This command opens a New File type dialog window. You can create any of the following
file types associated with CAEPIPE from this window.

12



Main Window File Menu

" Spectum Library [.zpe]
" Walve Libramy [wall

™ Beam Section Library [bii
" Flange Model [ flg]

] I Cancel |

Model (.mod) - Creates a blank layout in CAEPIPE for a new piping model file.
Material Library (.lib) - Creates a user-defined material library.

Spectrum Library (.spe) - Creates a user-defined spectrum library.

Valve Library (.val) - Creates a user-defined valve library.

Beam Section (.bli) - Creates a user-defined beam section library

Flange Model (.flg) - Creates a user-defined flange model.

Open (Ctr|+O

From the Open command you can open any number of CAEPIPE compatible files.

= Open |
Lanok ir: I B Dezktop - ch': "
Mame | -| size_|
= Libraries
2 shpoffice
1M Computer
*-"i_-l Metwiork,

J miks marketing projects

L SIZAMNS -
1| | b

File name: | Open I
Files of type: | Mode files [ mod) =l Cancel |

todel files [*. mod]

Fezultz files [*.rez)

 aterial Library files [7.mat]
Beam Section Library files [7 bl
tatenal Library files [*.mdb]
Spectrurn Library files [F.2pe]
Yalve Library files [7 val]
Flange Model files [*.flg]

13



Main Window File Menu

Model files (*.mod) - Opens CAEPIPE model files

Results files (*.res) - Opens CAEPIPE results files

Material Library files (*.bli) - Opens CAEPIPE material library files

Beam Section Library files (*.mod) - Opens CAEPIPE beam section library files
Material Library files (*.mdb) - Opens CAEPIPE material library files
Spectrum Library files (*.spe) - Opens CAEPIPE spectrum library files

Valve Library files (*.val) - Opens CAEPIPE valve library files

Flange Model files (*.flg) - Opens Flange Module model files

Open last model (Enter

This command can be useful when you need to open the same model repeatedly. Simply
pressing Enter from the Main window will open the model for you. There is no need to go
through the Open File dialog.

Import

You can import a CAEPIPE neutral file (.mbf, similar neutral file), an Algor (Autodesk)
PipePak neutral file (pnf) or a COADE (Intergraph) neutral file (.cii) by using this
command.

See Appendix C for details.

=I= Import Model from B atch File | x|

Loak in:l , BA1 j = IfF ER-

Name ~ | +| Date [ =] Type
J Material_Library 2114)2013 2:58 PM File f
) Walve_Library 2114)2013 2:58 PM File

a |

M
Fil= name: | Imprt I

Files of type: | Mode! batch file [*.mbf) =] Cancel

Model batch file [*.mbf]
PipeFak neutral file [ prif]
CAESAR || neutral file [7.cil]

14
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Main Window File Menu

Preferences

Use this command to set your preferences for automatic saving and backup of the model,
setting text and graphics fonts and toolbar preferences.

Preferences command has three tabs - Backup, Fonts and Toolbar.

Prferences K|

Backup | Fants I Tu:u:ull:uarl

[ Dizable graphicz editing

v Automatic save every |1 i minutes

Folder. .. | < Default »

[ Automatic Renumbering of nodes

Starting node number I

Make backup copy

With this checked, every time you save your model, CAEPIPE copies the previously saved
model data to another file (for backup, with a .bak extension). You can select the location
where you want these files saved (click on Folder button). To open a backup file, rename the
file to somename.mod before opening it in CAEPIPE.

Disable Graphics Editing

Graphics editing feature (in the Graphics window) can be turned ON/OFF from here. You
may want to do this if your windows get garbled while using this feature.

Automatic Save

With this checked, and a time value entered, CAEPIPE will periodically save model data to a
file named yourmodelname.sav, in the directory pointed to by Folder, or to untitled.sav.

If the software or hardware crashes, you can easily retrieve the most recently saved data.
Locate the file (yourmodelname.sav) and rename the extension from .sav to .mod before
opening it in CAEPIPE.

Select any folder to which you (as a user) have write permission to. Please make sure you
check with your system administrator. CAEPIPE will try to issue you a warning if the folder
you select does not have write permission. <Default> points to the folder that contains the model file
(MOD,).

15



Main Window File Menu

Example: You can specify a new folder called CAEPIPE.BAK as a backup and save folder,
so that CAEPIPE writes all backup files (.bak) and timed saves (.sav) to this folder.

Automatic Renumbering of nodes

When you delete (an) existing node(s) from a model in Layout, CAEPIPE automatically
renumbers nodes sequentially from the “Starting Node Number” you specify. So, if you do
not want CAEPIPE to automatically renumber nodes when you delete any node in the
Layout window, uncheck this option here. Also note that the renumbering operation upon
node deletion is instantaneous making it hard to identify which rows changed.

Prferences K|

Backup Forts IT::u:-II:-arI

M5 Sanz Senf, 8 point
Graphics | M5 Sanz Senf, 3 point

Cloze |

Select a font face and size to use inside all CAEPIPE text windows (Layout, List and
Results).

Select a font face and size to use inside the Graphics window.

16



Main Window File Menu

Preferences G|

'Backupl Forte  Toolbar |

V¥ Show

[ Large buttons

Show

You may choose to display or not display the toolbar in CAEPIPE windows.

Large Buttons

Two sizes for toolbar buttons are available. Selecting this command will show the toolbar
with large buttons.

17



Main Window Help Menu

Help Menu

From any CAEPIPE window - Main, Layout, List, Graphics or Results, you have access to
the same Help menu.

Help
Help
Tutorial
About. ..
Check MERS

Clicking on Help command opens the CAEPIPE on-line help file.

We have three tutorials that are accessible from Start Menu > CAEPIPE:

1. Basic Pipe Stress Analysis Tutorial (SST-Basic_Pipe_Stress_Analysis_Tutorial. pdf)
2. Tutorial 1 (Tutorial_1.pdf)
3. Tutorial 2 (Tutorial_1.pdf)

The CAEPIPE Tutorials are available separately as an Adobe Acrobat (PDF) file. If you
can’t locate them inside your CAEPIPE program files folder, then visit our web site
WWW.sstusa.com to get a copy.

About Caepipe |

Caepipe Yersion 7.1

[=(]=! Copyright @ 2014
S5TLM Protected

Tel: +1 [408] 452-8111

Fax: +1 [408] 452-8388

Email: support{asstuza. com

i, 23kuEE, Ccom

Tel +31-50-40%36999
Faw +91-80-41 434357 | | “foplant
E il iplant@Eysnl corm

s, infoplantindia. com

The About command shows the program version number and (your) hardware key serial
number. Our support staff might ask for this information when you contact them.

Also from the About dialog, you can access the SST website by clicking on www.sstusa.com
ot send email to SST Technical Support by clicking on support@sstusa.com.

18



Layout Window File Menu

File Menu

e, .. ZEFl+HR
Cpen. .. Ckrl+10
Recent Models k
Open Resulks. ..

Merge. .. kM
Close

Save CEr+S
Save As...

Export bo MEF. ..
Export ko 30 Plank Design

Print Model, ., Zkr[+P
Q4 Block, ..
Exit olt+F4

This menu contains commands for standard file operations with a few special ones to note:

Open (Ctrl+QO)

You can open the following CAEPIPE file types from the Open menu.

1.

S A B O

Model files (*.mod)

Results files (*.res)

Material Library files (*.mat)

Beam Section Library files (*.bli)
Material Library files (*.mdb) [old format]
Spectrum Library files (*.spe)

Valve Library files (*.val)

Flange Model files (*.flg)

For a description of each file type listed above, see page 14.

Open Results

This command opens the Results files (*.res). The corresponding model file (mod) must be
present in the same directory as the results file (res). For your convenience, the Open
Results dialog shows the results filename for the currently opened model if it is already
analyzed; if not, the name of the last opened results file is filled in the name field.

19



Layout Window File Menu

You can merge two or more piping models into one file using this command. This feature
merges Materials, Sections, Loads, Beam Materials, Beam Sections, Beam Loads, Pumps,
Compressors, Turbines and Elements from the selected model into the currently opened
model. The process, however, skips Analysis Options, Load Cases, Wind Loads, Time
History, Spectrums and Force Spectrums from the selected model during merging. Also,
CAEPIPE checks for duplicate nodes and provides an option for renumbering the elements.
Pressing “Yes” will renumber and merge the model; “No” will merge without renumbering,
and you will have to manually identify and remove duplicates and/or renumber. See example
under “From” in Reference for a suggestion on how to model separate files for merging
later.

Example:

Here are two models with the note showing where the common merge point is (node 10 in
the first model and node 539 in the second model).

=I= Caepipe : Graphics - [SesimicLine2-P8K2.mod {C:"Documents and Settings'\ Administrator'Desktop)]
File Wiew Options Window Help
=
v Al
z ‘/k
bt
ode 10 - Merge Point
S
-
K| v 4

20



Layout Window File Menu

=i Caepipe : Graphics - [Bigmodel.mod (C:Documents and Settings', Administrator',Desktop)]

File Miew Options ‘Window Help

& QRO

Mode 539 (not shown)
(Top of Mode 538) - Merge Point

1538
7 1535

4

Open Bigmodel.mod first. Use menu File > Merge to start the process.

FI= Caepipe : Layout [674] - [Bigm

File Edit ‘iew Options Loads Misc

e, .. CErlHR
Qper. .. Chrl+D
Recent Models k
Cpen Results, .,

Merge...

Close

Save ChE+S
Save As...

Expork ko MEF. ..

Export ko 30 Plant Design

Print Model, .. Ckrl+P
fnalyze

28 Black. ..

E:xik alk+F4

Select the second model as shown below and click on Open.
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Layout Window File Menu

=i Merge Model |
Look in: | |, 681LM ~| & & E-
Marne = |v| Date |v| Twpe
J Material_Library 2/14/2013 2:58 PM File £
J Walve_Library 2/14/2013 2:53 PM File £
|| Bigmodel 21312013 12:26 FM MOC
| |5ample 211312013 12:27 FM MOC

SeismicLinez-PEkz SI6Z013 1022 AM

File name: | SeismicLine2-PEK2 Open |
Files of type: | Model files [* mad] =l Cancel |

To avoid duplication of node numbers, names of materials, sections, loads, etc., click on Yes
as shown below.

Merge Model |

3 ! Mew elements' node numbers are clazhing with old elementz’ node numbers.

* Do you want ta Benumber Hodes ta be merged?

Mo | Eanu:ell

Choose a starting node number which is clearly not used in the first model. CAEPIPE will
use the starting node number to number the nodes sequentially using the increment shown.

Renumber Modes |

Fows: From |1 To # |25EI

Starting node IEﬂJD

|ncrease node numbers I‘I 0
k. I Cancel |

Models are merged now. The second model starts from row 675 (the row with the yellow
highlight).
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Layout Window File Menu

kI Caepipe : Layout {924) - [Bigmodel.mod {C:'\Documents and Settings' Administrator'Desk... =] E3
File Edit Wew Options Loads Misc ‘Window Help
Diﬁllll
Mode | Type L fft'in®y | O (ft'in® | D2 (ft'in") | Matl | Sect | Load | Data -
671 556 [Bend -3'6" 1 3 3
B7Z 557 [Bend -5 1 K 3
673|568 |Bend -0.5000 -0.5000 1 3 3
674 (528 1 3 3
675 | Title = PvwHET Upstream
B76 | 5000 |Fram Anchar
B77 [ 5010 -0.0375 3'7-316" {106 |24 7 Fod hanger
678 (5020 [Bend -0.0375 37516 {106 |24 7
679 | 5030 0'4" -0.0035 106 |24 7
B30 | 5040 11'8-3/4" (-0.1217 106 |24 7
B&1 (5050 |%alwe 09" -0.0078 106 |24 7
b@z (5060 [Bend 04" -0.0035 106 |24 7
B33 | 5070 -0.2275 106 |24 7
B84 | 5080 -0zt 106 |24 7
BG5 (5090 [Reducer -0zt 106 |26 7
BBE | 5100 |Ywalwe -0'g" 106 |26 7
B&7 (5110 [Bend -0.1442 106 |26 7
BGE [ 5120 1" 106 |26 7
B39 | 5130 |vwalwe 0'g" 106 |26 7
B30 | 5140 nt2" 106 |26 7
B91 (5150 |Yalwe 0'e" 106 |26 7
BY2 [ 5160 nz" 106 |26 7
B33 | 5170 |vwalwe 0'g" 106 |26 7
B94 (5180 03" 106 |26 7
BY95 (5190 [Reducer 0" 106 |26 7
B3E | 5200 0'g" 106 |24 7
B97 [ 5210 0'e" 106 |24 7
BY8 (5220 |Yalwe 0a" 106 |24 7
B39 | 5230 |Bend 1'2-1/8"  |106 |24 7

Notice that node 10 in the first model and node 5000 in the second model start from the same global origin
(0,0,0).
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Layout Window File Menu

So, you need to change node 5000 to the connecting node number in the first model (i.e.,
node 539). Upon doing so, you are asked

Caepipe

Do pou want o change Hode

,/ from “5000" to “533" 7

Click on “Yes” to make the
676.

B72

673

674

B75

676

677

676

B79

BG0

b&7
hhi
528
Title =
539
5010
5020
5030
5040

Bend
Bend

-0.8000

FwWH21 Upstream

Fram

Bend

D|4||
11'8-3/4"

change. Also, remove the anchor from the data column on row

—Rrgn
-0.6000

-0.0375
-0.0375
-0.0035
01217

37-318"
3'7-5416"

106
106
106
106

24
24
24
24

Bt I B e |

(I

Fod hanger

The combined model is shown in graphic view below (with a box — for illustration only -
around the first model).

=I* Caepipe : Graphics - [Bigmodel.mod {C:Documents and Settings' Administrator,Desktop])]

Fila  wigw

Qptions  \Window  Help

S HE R AKX O
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Layout Window File Menu

A zoomed image of the connecting node is shown below.

=I* Caepipe : Graphics - [Bigmodel.mod {C:Documents and Settings' Administrator,Desktop])]
File Wiew Options Window Help

S HE R AKX O

Export to .mbf

Presently, you can export the model data to CAEPIPE’s neutral file format (called a model
batch file, .mbf). See Appendix C for format details.

~i- Export Model to Batch File
Sawve i | Temp j = I':'_hF "
Mame |v| Date |v| Tvpe

1| i
File narne: |Sample
Save as lype: |Mndel batch file [*.mbf) ﬂ Cancel
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Layout Window File Menu

Export to 3D Plant Design

This feature exports the 3D CAEPIPE model to PDMS (.mac file) or CADMATIC (.3dd
file) as structural components (only graphics without attributes).

=0 Export Model to 3D Plant Design
Savein | || 631LM ~| « @ ek E-
Marne = |v| Date |v| Twpe
Material_Library 2/14/2013 2:58 PM File f
Walve_Library 2/14/2013 2:53 PM File f

1] |

i
File narne: IS arnple E=port I

Save as lype: IPDMS Geomety macra file [*.mac) j Cancel

POMS Geomety macra file [*.mac)

CADMATIC 30 Durnp file (7, 3dd]

Print Model (Ctrl+P

The Print command, flexible and customizable, is specific to each window. Here in Layout,
you can print the model input data only (under the Model tab) to a printer, a PDF file (with a
free PDF utility or Adobe® Acrobat installed), and change printer settings (under the Printer
tab). You can customize the look of your report by changing the font, page sizes or margins.

Print Model |

todel | Frinter I

¥ Options v Materials All

W Lapout ¥ Sections
Maone |
¥ Details ¥ Loads

. Data can be
¥ Coordinates W Spectums output to a text file

¥ Force spectiums

¥ Time functions

Prirt | Cancel | Preview | Frint ko Filel

Data can be output to either a text file or a CSV (comma separated values) file that can be
opened in a spreadsheet software (e.g., MS-Excel).
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Layout Window File Menu

Fa- Print to File =]
Save in: I , B j 4= I'j{ ER-
Mame * |v| Date |-.-| Twpe
J Material_Library 2114)2013 2:58 PM File f
J Malve_Library 2/14/2013 2:58 PM File f

1| | i
File name: Sample | Frirt I

Save as twpe: | Comma Separated Y alues file [*.cev) j Cancel |

Text file [* bat] |

You could change the selected printer and customize other settings in the Printer tab (shown
next).

Print Model |

"Madel  Printer |

T ext Printer

Erinter setup | HP Officejet Pro L7F00 Series

R
Page el |

FPage zetup Orientation : Paortrait

Aial, 10 point

Errirt | Cancel | Prexiew Frint ta File

Save (Ctrl+S

This command saves model data to a .mod file format. It will also issue warning(s) if errors
are found in the layout data.

Once you are done modeling, use this command to analyze the model. At the end of analysis,
y g Y y
you are asked whether you want to “View results?” Click on OK to see results or Cancel to
return to the main window.

Type in project-specific information here, which is printable only from the Results window.
You cannot change this information after analysis in the Results window.
27




Layout Window File Menu

If you like to modify any information here, do it from the Layout window. You will then
need to reanalyze the model because CAEPIPE will have deleted the existing results file for
this model since the old data 7zay no longer apply.

Quality Assurance Block |

Clignt IYDur Clignt Marme

Project IHigh Energy Stream Line

File nurmber I

R eport I

Frepared by IEngineer 1

Checked by IEngineer 2

k. I Cancel |

28



Layout Window Edit Menu

Edit Menu

| Edit
Edit type... Ctrl+T
Edit data... Ctrl+D
Copy... Ctrl+C
Paste... Cirl+v

Find and Replace... Cirl+H

Insert Ctrl+Ins
Delete... Crl+x
Split...

Multiple Split...

Slope...

Rotate...

Change...

Combire. .., bl B
Renumber nodes. ..

Generate...
Regenerate
buplicate [ast pow EEplFERter

Unda Cirl+Z
Redo (i

Using this menu, you can edit properties for elements (under Type column) and data items
(under Data column), insert and delete rows, split an element, rotate and renumber parts of
the model, change a few properties like friction coefficient for a range of rows, and generate
copies of existing rows.

Edit type (Ctrl+T

Double click on the element name in the Type column or press Ctrl+T to edit properties (if
applicable) of an element (bend, valve, etc.). The appropriate dialog is shown.

Edit data (Ctrl+D)

Double click on the Data item or press Ctrl+D to edit properties (if applicable) of the item
(flange, anchor, etc.). The appropriate dialog is shown.

Copy (Ctrl+C

You can copy a specific item on a row, an entire row or a block of rows, and Paste all, or
individual parts of a row such as Material, Data or Type column entries. The copy command
will copy all row data irrespective of the specific cursor location within that row. To copy,
move the cursor to a row (with data) and press Ctrl+C (or select Edit menu > Copy
command) to copy all data in that row. Multiple rows of Copy and Paste can be done only in
Layout and NOT for Materials, LLoads and Section properties.
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Layout Window Edit Menu

Example:

=" Caepipe : Layout (674) - [Biomodel.mod (C:\CAEPTPE\710LM)]
File Edit View Options Loads Misc Window Help

lﬁﬁllll

MHode | Type D4 [fin® [ O (feint] | ©Z (fin®] | Matl [ Sect | Load | [ata =
A (28 |Valve I 1 a 1 Flange
32 |29 04200 1 a 1
33 |30 |Reducer|1.2000 || 1 3 1
34 (3 IR 1 9 1 £ restraint o

To copy the row at #33 (30, Reducer, 1.2ft, , ,1, 9, 1, ), you may position the cursor
anywhere before you invoke the Copy command. But, to paste ALL of this information, you
must position the cursor under the Node column of a (new) row. Note that any existing information
on a row will be overwritten.

If you want to paste, however, only the type ‘Reducer’ then place cursor under Type, for DX
of 1.2’, place cursor under DX, and so on.

kI- Caepipe : Layout (674) - [Bigmodelmod (C:\CAEPIPE\710LM)] E[=]

File Edit Wiew Options Loads Misc Window Help

T2 E 2 0 E E

# |MNode | Type D (et [ O [fEin™] | O [fin] | katl | Sect | Load | Data o
E73| 558 [Bend -0.8000 [ -0.8000 1 3 3
E7d| 528 1 3 3
E7R 1560 | Reducer | 1.2000 1 9 1

To copy a block of rows (that represents a section of piping), invoke the command through
Edit menu > Copy...

Copy Rows |

From # |2
To # |33

(] I Cancel |

You need to specify (a range of) row number(s). Of course, you could accept the default row
shown (which copies only one row).
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Layout Window Edit Menu

Paste (Ctrl+V

Once you have copied a row, move your cursor to the location where you want to paste the
copied information and press Ctrl+V (or select Edit menu > Paste command). When
pasting an entire row, move the cursor to the Node column of the row where you will be
pasting. To paste an individual part of a copied row, move the cursor to a specific column
within the row where you wish to paste the specific datum. The copied information is
available for only one operation. Also, note that when a row is pasted, it will overwrite the
existing row (if present).

Find and Replace (Ctrl+H

Find and replace Element / Data types, Material, Section, and Load by selecting the Find and
Replace command from the Edit menu or press Ctrl+H. The Find and Replace dialog box is
shown below.

Find and Replace |

From # |2 To IEN

* Find and replace element

™ Find and replace data
™ Find and replace material
™ Find and replace section
" Find and replace load

— Element
Fird wihat I‘v’alve j
Fieplace with IPiF'E j
—Data
Fird what I j
Feplace with I j
— Section
Fird what I j
R eplace with I j

Cancel |

In the shown dialog above, all Valves will be replaced with pipes between rows 2 and 674.
Use this command, for example, to change all LR elbows to SR elbows. Note that you
cannot leave the "Replace with" field blank.
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Layout Window Edit Menu

Find and Replace |

From # |2 To # IE?4

™ Find and replace element
¥ Find and replace data
" Find and replace material
" Find and replace section
" Find and replace load

— Elernent
Find what I j
Feplace with I j
—Data

Find what I.ﬁ.nchur

L

Replace with I

L

— Section

Find what I

Ll L

Replace with I

Cancel |

You could change to different support types while evaluating different “what-if” conditions,
or remove a specific support type from the model (select “blank™ in the Replace with field).
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Layout Window Edit Menu

Find and Replace [ x| |

Fram # |2 To & |54

™ Find and replace element
™ Find and replace data
% Find and replace material
™ Find and replace section
" Find and replace load

— Element

Find what I

Kl

Replace with I

K1

—Data
Fird wihat I

Kl

Replace with I

Kl

— b aterial

Find what IJKT

L Lo

Replace with IF'EH

Cancel |

You could change to a different material type while evaluating different “what-if” conditions.
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Find and Replace [ x| |

Fram # |2 To & |54

™ Find and replace element
™ Find and replace data
™ Find and replace material
% Find and replace section
" Find and replace load

— Element

Find what I

Kl

Replace with I

K1

—Data
Fird wihat I

Kl

Replace with I

Kl

— Section

Find what IEUHD

L Lo

Replace with IJ

Cancel |

You could change to a different section while evaluating different “what-if”” conditions.

34



Layout Window Edit Menu

Find and Replace |

Fram # |2 To # IEN

™ Find and replace element
™ Find and replace data
™ Find and replace material
™ Find and replace section
% Find and replace load

— Element
Find what I j
Replace with I j
—Data
Fird wihat I j
Feplace with I j
— Load
Find what |1 j
Replace with |3 j

coos|

You could change to a different load while evaluating different “what-if” conditions.

Insert (Ctrl+Ins

Use Ctrl+Ins to insert an empty row above the highlighted row in the Layout window. This
command is also available from the context menu, by right-clicking in the Offsets (DX, DY,
DZ) columns, or via the Edit menu.

Delete (Ctrl+X)

Use Ctrl+X on a row to delete it. To delete a range of rows, you must select the Delete
command from the Edit menu, and then type the row numbers to mark the range for
deletion. If you want to delete till the end of the model, either type in a big number for “To
# such as 9999 or type in the (total) number (of rows) shown in the title bar in parentheses.

This command is also available from the context menu (by right clicking), in the Offsets
(DX, DY, DZ) columns. You can undelete using the Undo command.
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Deloto Rows |
From # |2EI
To # I

] I Cancel |

Use this command to split a straight element or a curved section of a bend into two parts.
This can be useful to create nodes for supports, applying forces at intermediate locations or
introducing intermediate mass points. To split curved sections of bends (including jacketed
bends), specify intermediate nodes at desired angles in the bend dialog. This command is also
available from the context menu by right clicking on the Offsets (DX, DY, DZ) columns.

When you have a long sloping pipe, you can create one long element with the slope built into
it and then use the Split command to break it down into smaller elements. Or, of course, you
could use the Slope command.

Split Row # 6 E|

Pipe From 40 Tao 50
Length = 60" [ft'in"]

Intermediate Mode |45
Ak |3 [FH'in"]

¥ From Mode 40
™ From Mode 50

ok I Cancel
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Multiple Split

CAEPIPE can split an element into multiple segments.

=1 Caepipe : Layout (674) - [Biomodel.mod (C:\CAEPIPE\710LM])]
File lm View Oplions Loads Misc Window Help

Edit type... Cirl+T

Edit data... Ctrl+D i
—  Cop¥... Ctrl+C

i bl 02 [ftin''] | Matl | Sect | Load | Data
24 34500 (1 a 1 Lirnit ztap
? Find and Replace... Ctrl4+H banon |1 a 1
? Insert Cirl+Ins 1 a 1 Guide
(27 Delete... Ctrl+% 1 |2 [1|Limitstop
25 Spit... EE
Bl tresit 1 le |1
Tl i v B |3 |Fhige
e Rotate...
I e 1 a 1 Flange
i Zombines .. L +-E 1 8 1
i Renumber nodes. .. 1 3 1
34 1 2| 1 £ restraint
? Generate. .. 1 ] 1
L——  Regenerate
i Duplicate last o Ehel+Enter 1 8 1
ar 1 3 1 Flange
E'R Undo Ctrl+Z 1 a 1 Flange
= U T

split Row # 27 |

Fipe From 23 To 24
Length = 180" [ft'in"]

Intermediate Starting Mode I'I 500
Mode |herement |1
M. af Splits |3

Cancel |

x|

The above shown command parameters will split the 16’ long element between nodes 23 and
24 into three equal segments and number them starting from 1500 (with an increment of 1).
If you split a non-pipe element (such as a bend, valve, reducer, etc.), you will get multiple
pipe elements and the non-pipe element as the result of this operation.
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kI Caepipe : Layout (676) - [Bigmodel.mod (C:\CAEPIPE\710LM)] =] B3
File Edit Wiew Options Loads Misc Window Help

TEHE& BEE

# [Mode | Type Lo [FEin '] [ O [t | D2 [fin] | Matl [ Sect [ Load | Data e
25 122 |Bend 43000 (1 a 1

26 |23 7.8000 1 a 1 Guide

27 | 1500 54" 1 a 1

28 1150 B.3333 1 a 1

29 |24 53333 1 a 1 Limit stop |4

You can specify the slope of the line you want to model for an element, in terms of its
direction cosines (DCs).

This command calculates the offsets automatically for a sloping element (that does not align
with one of the major global axes). When a pipe slopes (or routes at an angle) with respect to
the global axes, it becomes necessary to calculate the offsets (DX, DY and DZ) using those
faithful sine and cosine functions. But, therein lies the problem. Sometimes, calculations get
tricky and time-consuming.

Sope |
Length |1 1] [ftin™]

Diirection
¥ comp ' comp £ comp
094 | {0342

ok I Cancel |

Let us see a few examples.

Example 1: A 20° line in the XZ plane, 10 feet long

Method 1:

Calculate the offsets:

DX =10 cosine (20) = 9.4 (ft.), DZ = 10 sine (20) = 3.42 (ft.). Simple!
Method 2:

Find direction cosines (DCs) for the line (vector). Direction cosines are simply cosines of the
angles the vector makes with the global X-, Y- and Z-axes. In this case, A=20° (X), B=90°
(Y), C=70° (Z). Cosines of these angles are: X comp=0.94, Y comp=0, Z comp=0.342.

Now, position the cutsor on the sloping element row, right click under DX/DY/DZ. Select
Slope from the menu, enter these numbers into the X comp, Y comp and the Z comp fields
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of the Slope dialog that opens, and type the length, 10 ft. Press Enter. CAEPIPE calculates
the respective offsets using the DCs you input.

Once you input the slope, follow this pipe with other elements down the line by inputting
different lengths while you retain the same direction cosines.

Example 2: A 40° line in the X(-Y) plane
Method 2:

Find direction cosines, if the line is at 40 deg. to X-axis in X(-Y) plane, it makes 50° with the
(-Y) axis. So, the DCs are: cos (40°) = 0.7606, cos (50°) = 0.643, So, X comp = 0.766, Y
comp = -0.643, Z comp = 0.0. Type these DCs and a length into the Slope dialog. Press
Enter.

More information about Direction cosines is available under the section on Direction
(Reference)

You can rotate a model or a part of it about the global axes. CAEPIPE will adjust the offsets
for new orientation.

Example

Let us rotate the branch line of the familiar Sample model. The branch line is between nodes
30 to 80 (rows 8 to 11 in the Layout window). Say, we wanted to route this branch line in the
—X direction (i.e., it needs to rotate 180°).

Fi- Caepipe : Layout [11] - [Sample.mod [C:ACAEFIPE:. .. [H=] E3
File Edit Mjew Options Loads Misc window  Help
NEE&E -pet

# |Node | Type |DX (itin")| DY (tin") | DZ [ftin') |Matl| Sect | Load | Data

1 | Title = Sample problem

2 |10 From Arichor
(2 (20 |Bend |90 AB3 (4 1

K B0 AB3 (A 1 Hanger
[5 |40 |Bend B0 AR3 (8 1

BE B0 a53(a 1 Anchor
7 6" =td pipe [rows 811 will be rotated about the Z axiz by 180 degrees]

g8 |30 From

'3 |60 g asals |

o]0 |valve |20 AB3 (B 1

E an g0 AR (6 1 Anchor
12
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Y

Branch line needs to
rotate 180 ° about Z-axis

Select Rotate from the Edit menu and type in the shown values.

T |
From # IE Tot I'I1

Fatation C Hanz O Yads 0 Zaxis

Fatation angle I'IE':I [deqg] or Slope 1 in I
| ] I Cancel |

Notice the rotated offsets (now they are in the -X direction).

Note: The valve additional weight is shown in the negative direction because of the rotation.
To make it positive, edit the Valve (Ctrl+T) properties and change its DY offset from -18 to
18 inches.
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mE: Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPES.. =] E3

File Edit Wiew Options Loads Misc ‘Window Help

E2ESES BEO @&

# |Node | Type | DX (itin")| DY (tin") | DZ [ftin") | Matl | Sect | Load | Data

1 | Title = Sample problem
(2 {10 |From Anchor
(3 |20 |Bend |30 4538 1
(4 |20 B0 AR3 |8 1 Hanger
(5 {40 |Bend B0 4538 1
(& |50 B0 4538 1 Anchor
(7 |6 std pipe [rows 8-17 will be ratated about the 2 iz by 130 degrees)
FREL From
ERl: g asale |
10|70 |valvel| 20" | Rotated|offsets |s53 (6 |1
ERED B0 853 | B 1 Anchor
12

Y

Z‘J\*x

r=20

Branch line is
now rotated 180°
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Use this command for block operations such as changing friction coefficient for all guides
and limit stops within a range of rows, or changing the material, section or load for a range
of rows. You are asked for the range when you select this command from the Edit menu.

Change Rows |

From # I'IEI To # IEEI

¥ Change Material b I,e.,53 vI
[V Change Section to IE vI
¥ Change Load to |1 vI

¥ Change Friction cosfficient ta IEI.25

0k, I Cancel |
Combine (Ctrl+B

You can combine current PIPE/BEND elements with previous PIPE elements.

FI- Caepipe : Layout (674) - [Bigmodel.mod (C:\CAEPIPE\710LM)]
File la View Options Loads Misc Window Help

Edit Ctrl+T
E Edit E. . Chrl+D ;|
——  Copy... Ctrl+C
B e iy D [fin'") | Matl | Sect | Load | Data
24 34500 (1 a 1 Lirnit ztap
? Find and Replace... Ctrl+H baoon |1 a 1
(26 Insert Ctrl+Ins 1 |8 |1 |Guide
(27 Delete... Cirl+x 1 |8 |1 |Limitstop
25 Spit.. e
ER Multiple Split... 1 a 1
Sl i 1 |8 |1 |Flangs
e Rotate.
i Change 1 a3 1 Flange

Combine... 1 g 1
|33 Renumber nodes... k 1 3 1
34 1 9 1 £ restraint
B o 1 |3 |1
——  Regenerate
i Duplicate last row  Chrl+ERker 1 8 1
ar 1 g 1 Flange
Bl s i 1 |8 |1 |Flanae
= LI e
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If you have a Data type (such as a support) defined on one of the “to-be-combined” rows,
CAEPIPE will alert you to the fact that you will lose that data type definition during the
Combine process.

Caepipe

If you accidentally combine two elements, you can always UNDO the operation.

Renumber Nodes

You can renumber existing node numbers in your model using this handy feature; really
useful when you have a big model and want to adopt a consistent node numbering system
after multiple edits. You can renumber the whole or parts of the model keeping in mind that
the greatest node number in a model cannot exceed 99,999.

Renumbering a segment of a piping system also renumbers all those nodes of the segment
that appear as “Connected to” nodes in the remaining segments of the piping system.

Before using this feature, please make a copy of your model and work on the copy. Note:
This feature is unrelated to “Automatic Renumbering of Nodes” found in the main
window>Preferences.

Preferences |

Backup | Fants I Tu:u:-ll:-arl

[T take backup copy

[ Dizable graphicz editing
[ Automatic save every I minutes

Folder. . | < [efault =

[T utomatic Renumbering of nodes

Starting node number I

Automatic Renumbering in the Main window > Preferences

When this feature is turned on, deleting row(s) in Layout triggers an automatic (and
instantaneous) renumbering operation, while the topic being discussed here allows you to
renumber selectively for a range of rows.
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Example

Assume that for the CAEPIPE Sample model, you wanted to change the node numbers for
the header to begin from 100, and the branch line to begin from 1000. This can be easily

done as shown next:

=E: Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPE:... =] E3
File Edit Wiew Options Loads Misc Window Help
N ES| @ &
# |Node | Type | DX (itin")| DY (tin") | DZ [ftin") | Matl| Sect | Load | Data
1 | Title = Sample problem
(2 |10 From Anichor
3_ 20 Bend | 90" AR3 (8 1
(4 |20 B0 AR (8 1 Hanger
5_ an Bend I aR3 (8 1
E_ A0 60" AR (8 1 Anchor
?_ B' ztd pipe Mode numbers shown are before renumbering
E_ a0 From
ERE: g 4536 |1
W Fil Walve | 20" AR (B 1
? an B0 AR3 (B 1 Anchor
121

1. Changing header node numbers:

Select the menu Edit > Renumber nodes. The Renumber Nodes dialog will open. In the
dialog, type in:

e 2 and 6 for From Row# and To Row#,
e 100 for Starting node number and
e 10 for Increase node numbers by.

Renumber Nodes |

Fowsz: From |2 To & IE'-

Starting node I'IEIEI
Increagze node numbers I‘I 1]
Cancel |

Press Enter (or click on OK) and CAEPIPE changes the node numbers.
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2. Changing branch line numbering:

Again, use the menu Edit > Renumber nodes, in the Renumber Nodes dialog, type in

e 8and 11 for From Row# and To Row#,
e 1000 for Starting node number and
e 10 for Increase node numbers by.

Renumber Hodes E |

Fiows: From |E To # |1'I

Starting node |1I:IEIEI
|ncrease node numbers |1 0
4 Cancel |

Press Enter (or click on OK) and CAEPIPE changes the node numbers.

The final layout looks like the following. Note that CAEPIPE tracks all occurrences of a
specific node number (e.g., 1000, the hanger node, occurs on two rows 4 and 8) throughout
the model so you do not have to remember to change every occurrence of the same node
number in multiple places in your model.

=E= Caepipe : Layout [11] - [Samplea.mod [C:ACAEPIP... =] E3
File Edit Wew Options Loads Misc Window Help

I mEs BEEO @A
B |Mode | Tope | D6 [Hin'] | D% (R | 02 [fin''] | Matl | Sect [ Load | Data ;I
2 (10 From Anch
EBED Bend | 90" ARZ |8 1
4_ 1000 B0 aR3 (8 1 Hang
(5 |40 Bend B0 AR3 (3 1
E_ a0 B0 aR3 (3 1 Anch
|7/ |6"stdpipe Node numbers shown are after numbering

g | 1000 | From
9_ 1o B0 AR (B 1
(10| 1020 |valve | 20¢ AR (B 1
? 1030 B0 AR3 (B 1 Anch

12 =
< | 21/

Other reasons you may want to use the Renumbering feature:

1. In a big model, multiple edits sometimes bring about confusing node numbering. Use
this feature to organize the numbering system.

2. You may need to follow a guideline for numbering just to make parts of the piping
system easily recognizable; all branch lines could get node numbers greater than 1000, all
bypass lines could get node numbers greater than 2000, and so on.
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Generate

This powerful command allows you to generate copies of the whole or parts of the model
while automatically taking care of node numbering and offsets. Its power is best illustrated
by an example.

During “Generate” command execution, CAEPIPE issues a warning and stops when it
encounters a Node number that already exists.

Example 1:

Assume that we want to go from the model shown in the first figure to the one shown in the
second figure. There are two ways to reach the result. The first is by manually modeling
every line like shown in the second figure. The second is the faster way using the Generate
command, as you will see.
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Summary of using the Generate command for the example:

1. First identify the part of the model that repeats and model it. In this case, it is the part
comprising of nodes 40 to 70 (rows 5 to 8).

2. Next, use the Generate command to create four additional branches, each starting with
say 140, 240, 340 and 440 (these node numbers could be any numbers).

3. Then, create one connecting element (from node 40 to 140).
4. Further generate three additional connecting elements.

That is it. A number of figures follow to depict the above process pictorially.

mE: Caepipe : Layout [8] - [GEMERATE.MOD [MCDY-.. [W=] E3

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type | DX (itin")| DY (ftin") | DZ [ftin") | Matl| Sect | Load | Data

1 | Title = Example for Generate command

2_ 10 From Anchar
2 (20 |Bend 30" 1 |8 |1

(4 (30 |Bend 30" 1 |2 |1

(5 |40 30" L

BE 70" 1 |8 |1

(7 |60 [valve |10 1 |8 |1

ERE 20" 1 |8 |1 |Anchor
9 |l

The above window shows the layout for the starting point of the model. Use the Generate
command.

Generate Rows |
Criginal et : From # IE To ﬂIE
Generate |4 additional sets

Increase node numbers by |1 aa

Increasze by I [fEin"]
Increasze ¥ by I [fEin"]

Increaze Z by |3 [fEin"]

[T Dornot check for duplicate node numbers

] 4 I Cancel |
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Notice the four sets that are generated (only the first one marked in the following figure).

kI Caepipe : Layout [32] - [GEMERATE.MOD [C:\Users\Shp...

File Edit Wiew Options Loads Misc Window Help

DEEE&E| @ &

# |Node | Type | D (i) | DY [fin")| DZ (itin') | Matl| Sect | Load | Data

1 | Title = Example for Generate command

2_ 10 Fram Anchor
(3|20 |Bend 70" 1 |8 |1

(4 {30 |Bend 30" 1 |8 |1

(5 |40 30" R ERE

CREL 20 1 |8 |1

(7 |60 |valve |10 1 |8 |1

& |70 20 1 |8 |1 |anchor
(3 {140 |From 300 |90

10150 20" R ERE

[11]160 [valve |10 } First set 1 |8 |1

(12|70 20" 1 |8 |1 |anchor
[13] 240 | From 30 120

[14] 250 20" L

(15| 260 |valve |10 1 |8 |1

15| 270 20" 1 |8 |1 |ancher
[17]340 | From 300|150

(18] 350 20" R ERE

[19] 360 |valve |10 1 |2 |1

20 370 20" 1 |8 |1 |anchor
(21| 440 | From 30 |1s80

22| 450 20" 1 |8 |1

(23] 460 |valve |10 R ERE

24| 470 20" 1 |8 |1 |ancher
E a0 Fram

Look at the graphics that corresponds to the above Layout window.
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Y

First set

Next, create one connecting element between 40 and 140, and generate the remaining three.

24| 470 30" 18 |1 |Anchor

25| 40

From }
261140 First gonnecting |element

el 1

Type 40 on an empty row, Tab to Type, press “F” for “From,” press Enter (rows 25 and 26
above). Now, generate the rest.

Generate Rows |

Original et : From # If Tao ﬂlﬁ
Generate |3_ additional sets
Increaze node numbers by W
Increaze = by I— [Ftie"']
Increaze v by I— [Ftie"']
Increaze £ by |3— [Ftin"']

™ Do not check. for duplicate node numbers

ak. I Cancel |
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+i- Caepipe : Layout [29) - [GENERATE_MOD [C:\Use... =] E3

File Edit Wiew Options Loads Misc Window Help

=A== @ @

# |Node | Type | DX (itin")| DY (ftin") | DZ (ftin') | Matl| Sect | Load | Data

1 |Title = [Example for Generate command

2 (10 Fram Anchar
(2 {20 |Bend 30" 1 |8 |1

(4 |30 |Bend 30" 1 |2 |1

(5 |40 30" L

CRED 20" 1 |8 |1

(7 |60 [vale |10 1 |8 |1

(a2 |70 20" 1 |8 |1 |Anchor
(3 140 |From 30 |90

(10] 150 20 1 |8 |1

[11]160 |valve |10 1 |8 |1

[12]170 20" 1 |8 |1 |ancher
[13] 240 | From 30t 120

(14 250 20" 1 |8 |1

(15| 260 |valve |10 1 |2 |1

(15| 270 20" 1 |8 |1 |Anchor
(17| 340 | From 30 |50

(18] 350 20" L

[19] 360 |valve |10 1 |8 |1

20 370 20" 1 |8 |1 |ancher
(21| 440 | From 300|180

22 450 20" R ERE

(23] 460 |valve |10 1 |2 |1

24| 470 20" 1 |8 |1 |anchor
E a0 Frarm

(25| 140 L

27| 240 1 |8 |1

28] 340 1 |8 |1

23] 440 1 |8 |1

El Full mode| layout
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Final model as shown is the desired result. So, as you saw, Generate command allowed us to
create four branch lines from one existing line in three operations.

Example 2:

See example under Beam section in Reference: (Example 1: Pipe Rack using Beams) p. 107.

Regenerate

Sometimes, owing to multiple edits, the model may be in an indeterminate stage. If you have
made many edits, use this command to regenerate the model which will reinterpret the input
and bring the model to a consistent state.

Duplicate Last Row (Ctrl+Enter

This is another handy feature that increases your productivity. For rows that repeat
themselves (except for node number), this is a time saver. This is useful in modeling pipe
racks or straight runs of pipe. Simply input all data on to a row and press Ctrl+Enter to
duplicate this row on to the next with the node number automatically incremented.

CAEPIPE cannot duplicate a Location/Comment/Hydrotest row, nor can it duplicate a row
between two existing rows. This command works only on new empty rows at the end of a
model. If you press Ctrl+Enter right after a Location/Comment/Hydrotest row, CAEPIPE
will duplicate the row right before the Location/Comment/Hydrotest row.

Undo (Ctrl+Z

CAEPIPE can perform an Undo operation over 1000 times (1024)! This operation includes
most uset-input/edit actions through the Layout, List and Graphics windows.
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=I* Caepipe : Layout (674) - [Bigmodel.mod (C:\CAEPTPE\710LM)]
File | Edit View Options Loads Misc Window Help

Edit Bvpe. . ZhE|T)
D Edit data, .. [0 ;I

Copy... Cirl+C
Bl o DZ [itin") | Matl| Sect | Load | Data
1 ade
2_ Find and Replace... Ctrl+H
K] Inserk CErl+Ins Anchor
4 Delete... Ctrl+xX 1.3300 (1 a 1
5 SEllt 1 |8 |1 |Guide
B fAultiple Split, .. 1 g 1 Biida
s e 1 |8 |1 |Guide
— Rotate...
E_ Change L 2 !
3 Combine, .. Chrl+5 1 8 1
10 Renumber nodes. .. 1 a 1 Guide
11 c = 1 a 1 Guide
12 e 1 |8 |1 |Limitstep
— Regenerate
i puplicate [ast row Chrl+ERLEE 1 3 1
14 28000 |1 a 1 Flarge
15 _%Iu.aauu 1 8 |1 |Flange
Er— Fedo Cirl+Y
16 11400 |1 a 1
e — I I — i .

Example 1: In the figure above, if you delete entire rows 10-14 one by one (see 1st col. for
row #) and the first three guides (on rows 5-7), you can use the Undo command (Ctrl+7Z)
eight times to undo all of these operations.

Example 2: If you were to change a few of the analysis options (such as piping code, # of
thermal loads and Bourdon effect through the menus), you can undo these changes by using
this command three times, even though these changes are not made visible.

Redo (Ctrl+Y

Conversely, CAEPIPE can perform a Redo operation over a 1000 times (1024), which can
include most user-input/edit actions through Layout, List and Graphics windows, including
recently performed Undo operations.

For example 1 under Undo: You can use the Redo operation to delete what you undid in
the above example! In other words, delete rows 10-14 and the first three guides.
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=1 Caepipe : Layout (674) - [Biomodel.mod (C:\CAEPIPE\710LM)]
File | Edit View Options Loads Misc Window Help

Edit Bype.., ZhElT) =
E Edit data, ., (Zhp| 3
——  Copy... Crl+C .
B ar DZ [ftin") | Matl | Sect | Load | Data
1 ade
B Find and Replace... Ctrl+H
3 Irserk Zhrl+Ins Anchor
4 Delete.... Cirl+x 1.3300 (1 8 1
5 Spllts 1 |8 |1 |Guide
E_ rultiple Split,., . 1 g 1 Guide
i [ e T |8 |1 |Gude
B i 1 |8 |1
3 Zombing:.. k4B 1 g 1
10 Renumber nodes... 1 g 1 Guide
11 T 1 a 1 Guide
12 S 1 la |1 |Lmitstop
——  Regenerate
i Duplicate [ast row  Chel+EREET 1 3 1
14 2.8000 |1 a 1 Flange
T | s pgsm0 (1 |8 |1 |Flange
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View Menu

Garaphics Fz
Viewpoink,.. F4
Previous Yiew FS

Zoorm All Chrl+4

Lisk, .. Chrl+L
ind Mode, ..,  Ckrl+F

A few commands for the Graphics window can be carried out from here.

Graphics (F2

Use this command to move focus to the Graphics window. If the window is not open, then
F2 will open the Graphics window and move focus to it.

Viewpoint (F4

Yiewpoint |
bt T £
{1.0000 {1.0000 {1.0000
= | vl | 2 wiew | 1S|:|metri|:|

Eanu:ell Apply | Erevinusl

Use this command to set the graphics viewpoint. Several useful buttons inside the dialog
allow you to change viewpoint to a preset one. For example, if you want to see the “plan”
view (Y-vertical), click on “Y view” button.

Previous View (F5

Use this command to display the previously viewed graphics (zoom level and image area) in
the Graphics window.

Zoom All (Ctrl+L

Use this command to view the whole model inside the Graphics window. Note that this
command does not move focus to the Graphics window but brings the whole model
graphics into view.

List (Ctrl+L

This is one of CAEPIPE’s unique features that allows you to view itemized lists of every
input data (pipes, bends, materials, valves, spectra, etc.) in a separate window. See more
detailed explanation under the section Layout Window in Reference.
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Find Node (Ctrl+F

Use this command to search for a node number inside this window. You may also search
for jacket and bend end nodes (e.g., 20A, 30C, 160]), # they are referenced on the layout

screen.

Find Hode

Mode IEEI
Cancel |
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Options Menu

Cipkions

Analysis, ..
Inits. .. CErl+L

Mode increment. .,

This menu allows you to specify analysis options, units, font and the node number increment
(for automatic generation of the next node number while inputting a model).

Analysis

The Analysis Options dialog is shown. Here you can specify analysis options related to
piping codes, temperature, pressure, dynamic analysis, etc., in various tabs of the dialog.

On this tab you can choose the piping code and also set options for that piping code.

Analysis Options |

Code |Tempetature| Pressure | Dynamics | Misc |

Fiping code

W Include axial force in stress caloulations

¥ Use liberal allowable stresses

QK I Cancel
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Piping Code

Select a piping code from the “Piping code” drop-down combo box. The following codes
are currently available:

e None
e B31.1
e B31.1(1967)
e B31.3
e B314
e B315
e B31.8
e B31.9

e ASME Section III Class 2 (1980, 1986 and 1992)
e BS 806 (British)

e EN 13480 (European)

e Norwegian (1983 and 1990)

e RCC-M (French)

e CODETI (French)

e Stoomwezen (Dutch)

e Swedish

e /183 (Canadian)

e 7184 (Canadian)

Notes:

e When the selected piping code is “None,” a “Static analysis” load case, which includes
weight, pressure, thermal, cold spring, static seismic and wind loads, all applied at the
same time, is available for analysis. No dynamic loads (time history, response spectrum,
etc.) are included. For “Piping code = None” and a non-FRP material, the in-plane and
out-of-plane Stress Intensification Factors (SIF) for a 90° bend/elbow ate taken to be
the same as those computed using ANSI B31.3. For a bend with bend angle less than
90°, the in-plane SIF is computed using the procedure given in ASME/BPVC Section
111, Division1, Case N-319-2 “Alternate Procedure for Evaluation of Stresses in Butt
Welding Elbows in Class 1 Piping.”

e For some piping codes, you need to select an additional option (such as Design Factor
for B31.8, equation level for ASME and RCC-M, Location Factor for Z183 and 2184,
Occasional load factor for EN13480). These are shown below.
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Fiping code

=l

Design Factor F

0.0 "I

[B31.5(2012)

¥ Include axial force in stress cal

.50

¥ ze liberal allowable strezses

Equation 10 Level

=

Piping code

| 45ME Class 2 (1380) 7 | B [Upset]

:C. |[Emergency
D [Faulted)

[ Include axial force in strezs o4

Equation 10 Level

[RoCM1985) <) BUpset] =]

E [Upset
[ Include awial force in stress © D [Faulked)

Location Factor [L)

10 ¢ 08

Fiping code

Fiping code

[ Include azial force in stress caloulations

Fiping code

7154 [1332]

[ Include axial force in stress caloulations

Location Factar [L)

Classlocation ™1 2 3 (4
{+ Monsour service 1.000 0500 0700 0550
" Sour service I [ R 1 =2

Fiping code Oecasional load Factor (k]

|1.2EI

[ Include axial force in stress caloulations

02012
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Include axial force in stress calculations

By checking or un-checking this box, you can include or exclude axial force in stress
calculations (F/A term). This option applies to all stresses (Sustained, Occasional and
Expansion) and is provided since many piping codes do not clearly mandate the axial term’s
inclusion. When included, CAEPIPE includes the axial term F/A (where F=axial load,

A=Pipe cross-sectional area) in its calculation of all stress equations, S;, Sy and Sg.
Note that this option is always turned on for codes such as B31.3, B31.4 and B31.8.
Use Liberal Allowable Stresses

For B31.1, B31.1(1967), B31.3, B31.5 and CODETI piping codes, the allowable expansion
stress may be increased by a difference between the allowable sustained stress and the actual
sustained stress times the stress range reduction factor. See Thermal Expansion Stress Range
or equivalent under each piping code in Appendix A.

A piping code committee member opines: Perhaps the term “liberal allowable” is not the
best to describe the allowable. The allowable stress in B31.1 Eq. 13, i.e., S4 + (S, —S.), can
be used anytime. The only prerequisite is knowing theS, stresses, which will only be the case
after the supports are known or implicit. The Eq. 1 allowable stress, Sy, is the allowable stress
traditionally used in the flexibility analysis when no supports other than the equipment
anchors are known. The flexibility analysis is used to determine whether the layout of piping
between the equipment anchors is adequate. The displacements determined in the flexibility
analysis will allow the designer to devise the pipe weight supports to interfere with the
flexibility of the pipe as little as possible, i.e., the designer will use rigid supports where the
piping does not move much, use variable springs where the piping moves a small amount
(most typically 1/4” to 4”), and use constant springs where the movement is great (again,
typically over 4”). For lateral loads the same concept as used for the pipe weight supports is
used for the lateral supports, i.e., if lateral displacements are small, rigid supports may be
used, for larger lateral movements, gapped or shock suppressor supports are used (although
shock suppressor supports require considerable maintenance attention and in the long run
are usually not preferable to gapped supports).

General Note on Thermal Allowable Calculation for All Piping Codes

Cold allowable (Sc) and Hot allowable (Sh) stresses used in thermal stress calculations are
calculated as follows for all piping codes:

e For Expansion Cases T1 through T10, Cold allowable (Sc) = Minimum (Trf, Tn) and Hot
allowable (Sn) = Maximum (T, Th), where n =1 to 10

e For Thermal Ranges Tx-Ty, Cold allowable (Sc) = Minimum (Tx, Ty) and Hot allowable
(Sn) = Maximum (Tx, Ty), where x = 1 to 10 and y = 1 to 10 and also x is not equal to y.

The specifics are listed for each code in the Section Modulus topic (See end of Appendix A).
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| Temperature |

On this tab you can set options related to thermal loads.

L

Code  Temperaturs |F‘ressure| Dmamicsl Misc I

Reference temperature |@ [F]
Murnber of thermal cycles I?EIEIEI

Mumber of thermal load: 1 2 3 40

" Thermal = Dperating - Sustained
% Salve themal case

Elaztic Moduluz
" Use temperature dependent modulus

% Uze modulus &t reference temperature

ok | cancel |

Reference Temperature

Type in the reference temperature here, usually 70°F (21.1°C). First, CAEPIPE uses this
temperature to lookup the material properties table for the value of the cold modulus (cold =
Reference). Second, this temperature’s corresponding coefficient of thermal expansion is
used for thermal expansion range calculations [e.g., T1 -T2 = (T1 - T, — (T2 =T, )].

Anaiysisopoons K|

Code  Temperaturs IF‘ressureI D}rnamicsl Misc |

Fieference temperature I?U [F]
Mumber of thermal cycles IF"EIEIEI

Mumnber of thermal loade ¢ 1 2 3 & 10

% Thermal = Operating - Sustained

" Solve themal case

Elastic Moduluz
% Lze temperature dependent modulus

" Use moduluz at reference temperature

QK I Cancel
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Number of Thermal cycles

CAEPIPE uses this number to determine the stress range reduction factor, f, which is used
to reduce the allowable expansion stress range, Sy.

Number of Cycles Factor (f)
7,000 and less 1.0
Over 7,000 to 14,000 0.9
Over 14,000 to 22,000 0.8
Over 22,000 to 45,000 0.7
Over 45,000 to 100,000 0.6
Over 100,000 0.5

The typical equation for calculating thermal expansion stress range (e.g., for B31.1 code) is:

Sy = f(1.25S, + 0.25S,)

S. = allowable stress at cold temperature
Sy = hot allowable stress
f = stress range reduction factor (from the above table).

Number of Thermal Loads

You can enter up to 10 thermal loads. This feature must be first set through Layout window
> Options > Analysis > Temperature. Select the number of thermal loads an element can
see during operation. Up to 10 temperatures may be applied as part of Load (along with 10
pressures) under Misc menu > Loads.

Fi= Caepipe : Loads (1) - [complexl.mod (CG\CAEPTPE\710LM)]
File Edit View Options Misc Window Help

QA EHONe-»

B (Mame|T1 (P1 (T2 (P2 (T3 |P3 P& PE |T7 |P7 |T8 |P8 |T9 |P9 | T10(P10|5Specific [Addwat [Wind
IF] | (sl [IF] [lpsil [(F) |(psi) |(F) |[psil[IF) |(psil [IF] [lpsil [(F) [(psil {IF) |(;=il {IF) |(p=i) |[F) |[;si)|graity f(BeH] ) Laad
1 160 | 200|100 | 350 | 100(-600 |70 |0 |70 |0 |70 |0 |70 |0 |70 |0 |70 |0 |70 (0 (O8 253 N

This also enables you to enter 10 temperatures under Misc menu > Beam Loads.
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+i- Caepipe : Beam loads (1) - [complexl.mod (C:\CAEPIPE\71... M=l E3
File Edit View Options Misc Window Help

III =

Mame [ T T3 (T4 [T& (TE [T7 (T8 (T3 [T10|AddM gt |*wind
[F] [F] (F1[(F) [(F) JF)[(F) [IF)JIF)JIF) | bt fLoad
1 |EL |100|700|100 12 T

Additionally, up to 10 specified thermal displacements can be entered for Anchor and
Nozzle data types (Nozzle dialog not shown).

specified Displacements for Anchor at node 50 |
Load X [inch] % [inch] £ [inch] < [deg] %% [deg] 22 [deg]
T1 |05

T2

T3

T4

T5

01 01 0.1

T?
Ta
T3
T10

|
|
|
|
|
6|
|
|
|
|

S eizmic |E|_2

S ettlement | 025 | |

| Ok, I Cancel I [T Displacements in LCS

Thermal = Operating — Sustained

Thermal load case results can be calculated as the difference between the Operating and the
Sustained load cases, i.e., the thermal load case is not solved independently. This is the
recommended procedure to solve thermal cases (T1 through T10) especially when
nonlinearities (limit stops, friction, etc.) are present.

When a model has no nonlinearities, the forces, moments and displacements at nodes will
add up (i.e., Sustained load + Thermal load = Operating load). When a nonlinearity is
present, each load case can be solved independently, i.c., the numbers are not added from
Sustained (W+P) to Thermal (T1) to get Operating (W+P+T1); in other words, the results
do not always add up. In the past, this used to be the only method of solving when
nonlinearities were present. However, now you can use the new (recommended) option
called “Thermal = Operating — Sustained.” Use it to solve for the thermal case as the
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difference between Operating and Sustained cases, which will also ensure that sustained and
thermal case results add up to operating case results.

Solve Thermal case

Results for the thermal load case are obtained from solving this case independently. See
above discussion.

Elastic Modulus

CAEPIPE will use the elastic modulus at the recommended reference temperature (Cold
modulus) for code compliance calculations. Or, it will use the temperature-dependent
modulus (modulus at T1, T2, T3, T4, T5, T6, T7, T8, T9, or T10) for support load
calculations for Sustained and Operating load cases. CAEPIPE uses the cold modulus
always for the thermal load case.

Pressure

On this tab you can set options related to pressure loads.

Analysiz Options |

Code I Temperature  Pressure | D_I,Inamin::sl Mizc |

Fressure sheszs
i+ PO /4t

 Pd2/(D72-d"2)

Peak pressure factor |'| aa

V¥ nclude Bourdon effect

¥ Usze pressure comection for bends

k. I Cancel

Pressure Stress

The longitudinal pressure stress may be calculated as:
pD/4tor pd?/(D? — d?), both given as options in a few ASME/B31 Codes. For B31.8, as per code,
the latter pressure stress term is not an option.

Peak Pressure Factor

For occasional loads (seismic, spectrum and wind), the pressure ‘p’ in longitudinal pressure
stress is multiplied by this factor.

Bourdon Effect

Bourdon effect is the tendency of straight pipes to elongate and bends to straighten due to
internal pressure. This may be included or excluded from the analysis by checking or
unchecking the box.
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Internal pressure will expand the pipe cross-section radially outward (i.e., bulge out) thereby
contracting the length of the pipe due to Poisson’s effect. On the other hand, external
pressure will contract the pipe cross-section radially inward (i.e., shrinking inwards) thereby
elongating the pipe length again due to Poisson’s effect. In addition, due to end-cap force,
bends open out due to internal pressure or deform inward due to external pressure. These
physical phenomena are included in CAEPIPE calculations when the "Bourdon effect"
button is turned ON. Pipe stresses and support loads generated due to such "Bourdon
effect" deformations are generally considered as "Secondary Stresses and Support loads" and
normally considered as part of the thermal expansion load case.

Therefore, by defanlt, this effect is treated as an expansion load and included in the expansion and operating
load cases. 1t is not applied to the sustained and occasional load cases.

If an environment variable (“BOURDONP?”) is set (to YES), however, the Bourdon effect is
instead treated as a sustained load and included in the sustained and operating load cases. It
is not applied to the expansion load case.

For a straight pipe, the following equation is used.

Pressure X 1, X L X (1 — 2v)

Pressure deflection =

2XEXt
where
T, = mean radius of the pipe
L = length of the pipe
v = Poisson’s Ratio
E = Elastic Modulus (Axial modulus in the case of FRP pipes)
t = pipe thickness

Pressure Correction for Bends (Pressure stiffening effect)

Pressure correction for bends is different from and unaffected by Bourdon effect. In large
diameter thin-wall bends, pressure can significantly affect the flexibility and SIF. If pressure
correction for bends is used: the Flexibility of the bend is divided by

1+ox(5)@) " ()

and the SIF for the bend is divided by

1/3

P\ ,1\5/2 /R\2/3
1+3.25x (E> (t) (r)
where
P = pressure
E = elastic modulus
7 = mean radius of matching pipe
t = nominal wall thickness
R = bend radius

It is recommended that this option be turned ‘ON’ whenever the internal or external
pressure is high, so that the stiffening of the bend due to internal or external pressure is
considered in the analysis. In other words, when a thin-walled pipe bend is bent by bending
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moments at its two ends, the bend will ovalize and increase its flexibility. Internal or external
pressure will reduce this bend ovalization, thereby increasing its stiffness.

Pressure correction decreases the flexibility of the piping system (by increasing the stiffness
of the system because of the stiffened elbows). Hence, the system frequencies (in modal
analysis) tend to increase.

Related information can be found in Appendix D of most B31 piping codes.

Dynamics

On this tab you can set options related to dynamic analysis.

Analyziz Options |

Code I Temperaturel Pressure  Dynamics | bisc |

Cut off frequency (€ [Hz]

Mumber of modes IE

¥ Include missing mass corection

[T Use friction in dynamic analysis

k. I Cancel

Cutoff Frequency / Number of Modes

These two options jointly control how the modal analysis routine works to extract the natural
frequencies. Frequency (Hertz) and the chosen number of modes will determine the
minimum number of modes extracted. The modal analysis will terminate either when the
number of modes requested has been extracted or after extracting an additional frequency
above the specified cutoff frequency value, whichever occurs first.

For earthquake analysis, a typical value for cutoff frequency is 33 Hz. The maximum
frequency you can input is 9999 Hz.

When the selected piping code is “None,” and the model contains nonlinearities (limit stops,
certain expansion joints), a static analysis for a given model with and without a g-load input
may produce different frequencies depending upon the status of the nonlinearities due to the
presence or absence of the g-load in the static load case.

Include Missing Mass Correction

Missing mass correction to the response spectrum analysis can be included using this check
box. See topic by the same name in Reference.
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Use Friction in Dynamic Analysis

Friction is optional in dynamic analysis. If friction is included in dynamic analysis, the global
stiffness matrix arrived at upon completion of the iterative calculations for the first operating
case (W+P1+7T1) is used to compute frequencies and mode shapes for the piping system.

On this tab you can set miscellaneous options.

Analysiz Ophions H |

" Code I Temperaturel F'ressurel Dynamice  Misc |

v Irnclude hanger stiffress

Yertical Direction

oy Oz

Tield Digplacement Factor |I:|_|:|4 | Ehangel

k. I Cancel |

Include Hanger stiffness

When the checkbox is checked, CAEPIPE adds the hanger spring rates for variable spring
and user hangers to the overall stiffness matrix (recommended setting). Hanger spring rates
for rod hangers (if active) are always included even when this checkbox is not checked.

If the checkbox is not checked, CAEPIPE does not include the hanger stiffnesses in the
analysis. Some users prefer this as it more closely matches “hand calculations.”

In the 1970s, performing pipe stress analysis on mainframe computers was expensive (about
$1,000/run). So, pipe stress analysts would run a Thermal (T'1) case alone first. Then, they
would run a deadweight (DW) case with rigid supports at chosen hanger locations. Using the
support loads and the hanger travel, analysts would select appropriate variable spring hangers
from hanger manufacturer catalogs. To save on computing costs, they would not update the
global stiffness matrix [K] with the hanger stiffnesses from the newly selected hangers
because they would have to reanalyze the model which would cost more money. Many
industrial plants built 30 or 40 years ago in the USA and presumably in other countries have
pipe stress analyses done in this manner. These plants have archived such analysis reports
that do not include hanger stiffnesses (as part of the global stiffness matrix [K]).

In later years, as and when the analysts in these plants needed to reanalyze those piping
systems, they had to use modern programs like CAEPIPE. But, before they accepted the
new results, they sometimes liked to verify that the new results (from CAEPIPE) matched
the results from the old reports generated by the mainframe pipe stress analysis programs.
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This is why CAEPIPE provides the option “Do not include (or include) hanger stiffnesses.”
It helps the engineers compare results from CAEPIPE with the old archived reports.

Today, with cheap PC computing power, there is no reason why hanger stiffnesses should be
excluded from analysis. In fact, including hanger stiffnesses provides a more accurate picture
of system behavior. As such, we recommend that you “include hanger stiffnesses” in every
analysis.

Vertical Direction

You may specify either Y or Z as the vertical global axis for the model. Be careful when you
change this setting on an existing model because all the offsets from the previous vertical
axis will be transferred to the new vertical axis, and you will have to perform a rotate
operation on the model to regain the old orientation.

Yield Displacement Factor

Soil (in Buried piping analysis) is modeled with an initial stiffness and an ultimate load, after
reaching which, displacement continues without a further increase in load (i.e., yield stiffness
is zero). You can change the initial stiffness by changing the Yield Displacement Factor
(default=0.04, range between(.04to1.0). No changes are recommended unless there is a
problem with convergence during Buried Piping analysis.

Units (Ctrl+U

A flexible command, Units allows you to set any combination of units: English, SI or Metric,
for any item. For convenience “All English,”“All SI”’ and “All Metric” buttons set all the
units to that particular choice with a single button click.

As an example, engineers in the USA sometimes use lb./in. for stiffnesses but use SI units
for the rest, for their international clients. The specific combination that you create is saved
with the model so you do not have to reset them every time. You could do your analysis in
English units and present your results to your client in SI units with the click of a button.
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All English

All English units are shown below.

Units
Length [ty = Temperature |[F) =l
Dimenzion | (inch) * | Thermal expansion I[ina’ina’F] "’I Cancel |
Dizplacement | [inch) Prezsure I[psi]

J All Enalish |

Angle | [deq) - Stress I [pi] 7 I

Forze | (b Modulus I[psi] "’I ﬁl

Moment [(ith) = Stifness [(bnch) =] _Albetie |
Additional weight | (Ib/ft) M Fiot stiffness |[in-lh=’deg] 'I

Weight | (1) - Ares |[in2] *I

Censity | [Ib/in3) - tament of Inertia Im All English
|nzulation denzity | (163 - Yelocity I[mph] "I

All ST units are shown below.
Units |

Length [ ] - Temperature I[I:] "’I Ok, |
Dimenzion | [mm] * | Thermal expanzion I[mm.-"mm.-"E] "’I Cancel |

Dizplacerment | [rm) - Prezsure I [bar] j
All Englizh |

Angle | [deq] - Stress I [MFa) - I

Force |[M] - Modulus Im
Mament | (Nr] - Stffness [mm) =] Al Metricl
Additional weight | (lg/m) - Rt stiffriess m
Wwieight | [l.g) &rea Im
Density |[kg/m3)  =| tdoment of Inertia Im Al St
[nzulation denzity | [kodm3] - Welocity Im

Dl

:

:

]

JJ.

g
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All Metric units are shown below.

Units |

Length | [mm) - Temperature I[E] 'I ok |
Dimenzion | (] * | Thermal expansion I[mm.n’mm.-’I:] "’I Cancel |
Dizplacement | [mim) Prezsure I[kg.-"u:mE] j
.-’-'-.IIEninshl
Angle | [deq] - Stress I[kgx’mmE] 'I
Al 51
Farze | [ka) - M oduluz I[kgf‘mm2] "’I 4_|

toment | (kg-m) - Stiffress I [kgmm) j

Additional weight | [kg./m) - Rt stiffness I[kg-mx’deg] 'I
Weight |[ka) Area I[mm2] "I all Metric
Dengsity |(kgsm3]  =| Moment of Inertia I[mmd] "’I

[nzulation denzity | [kodm3] - Yelocity I[ITI.-'IS] 'I

You can display the text in all CAEPIPE text windows (Layout, List and Results) in a font
face and size of your choice. Here, the font chosen is Times New Roman, 8 point:

y

e

:

FI- Caepipe : Lapout [11] - [Sample.mod [C:A\CAEPIPEAGE. .. =] E3
File Edit %jew Options Loads Misc Window Help
DEES| @ &

# |Hode |Type |DX (ft'in™) |mr (ftin") |Dz (f’t'i.u"j|Mat1|Sect|Lnad|Data

1 |Title = Sammple problem

2 (10 [From inchor
5 (20 [Bend 50" asslz |1

4 |30 B 453 |z |1 |Haneer
(s 40 [Bemd g asslz |1

EE: & 453 (2 |1 |dncher
?_6" std pipe

2 (30 [From

FRE: g assls |1

(10 (70 [vabe |200 as3ls |1

11 |20 g asile |1 |inchor
12
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Node Increment

You can increase your productivity by having CAEPIPE automatically increment the node
number when you model a piping system in CAEPIPE. You can turn this feature off by
specifying a zero (0) increment here. The default is set to 10.

Hode Increment

Increment IT
ak. I Cancel |
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Loads Menu

From this menu, you can specify the load cases for analysis.

Loads Misc ‘Window H
Load cases (22) ...

w Skatic seismic, ..
W Wiind. ..

¥ Spectrum...

W Time hiskary., ..
» Harmonic...

Load cases

Click on this command to select the different load cases for analysis. Most of the time,
selecting a load case is as simple as checking the corresponding checkbox.

Load cases (98)
¥ Sustained [w+F) ¥ Expansion [T1- T3] v Expanzion [T3- T10] v Operating [w+F1+T1] v Hydrotest
v Sustained [wi+P1) Iv Expansion [T1- T4 W Expansion (T4 - TS| ¥ Operating P/+P2+T2) W Static seismic [
IV Sustained [w+P2) [V Expansion [T1-T5] I¥ Expansion (T4 - TG) ¥ Operating [wW+P3+T3) B wind
¥ Sustained [w+P3) ¥ Expansion (T1- TE) [V Expansion[T4-T7] ¥ Operating [w+P4+T4) W wind 2
I Sustained [w/+P4] Iv Esparsion T1-T7) ¥ Expansion (T4 - T3] V¥ Operating [w+P5+T5] W 'Wwind 3
¥ Sustained [w+F5) ¥ Expansion (T1-TE) W Expansion [T4-T3) W Operating [w+PE+TE) W ‘wind 4
IV Sustained [w/+PE] [¥ Expansion [T1- T3] ¥ Expanzion [T4 - T10] ¥ Operating [wW+P7+T7) v Modal analysis
¥ Sustained [w+P7) ¥ Expansion (T1-T10] ¥ Expansion (T5 - TE] ¥ Operating [w+P8+T8) ¥ Response spectium
[V Sustained [+F8] IV Expansion [T2- T3] ¥ Espansion [T5 - T7] ¥ Operating [W+P3+T9) W Time history
¥ Sustained [w+F3) [¥ Expansion [T2- T4] ¥ Expanzion [T5 - TE] ¥ Operating [w+P10+T10) W Harmonic response
¥ Sustained [w+P10] W Expansion (T2 - T5] W Expansion [T5-T3) W Cold spring [w+P)
IV Exparzion (T1] IV Expansion T2- TE] ¥ Expansion (TG -T10] W Cold spring [/ +F1+T1)
[ Expansicn [T2] IV Expansion T2 T7) ¥ Expansion [TE - T7) ¥ Cold spring [w+F2+T2)
[¥ Expansion (T3] [¥ Expansion [T2- T8 ¥ Expanzion [TE - TH] v Cold epring [w+P3+T3)
[V Exparision (T4] [V Expansion T2- T3] I Expansion [TE - T4 Iv' Cold spring [ +P4+T 4
¥ Expansion [T5) M Expansion (T2-T10] ¥ Ewpansion(T6-T10) ¥ Cold spring [w+P5+T5]
[V Expansion (TE) [V Expansion (T3 T4] v Expanzion [T7 - TH] v Cold spring [w+PE+TE)
[ Expansicn [T7] IV Exparsion [T3-T5) ¥ Expansion [T7 - T9) ¥ Cold spring [w+P7+T7)
[V Expansion (TE) ¥ Expansion [T3- T v Expansion [T7 - T10] Iv Cold spring [ +PE+T8)
[V Expansion (T3] ¥ Expansion T3 T7) v Expanzion [TE- T4 v Cold spring [ +P5+T3)
v Expansion (T10] ¥ Expansion T3- T8 ¥ Expansion [T8 - T10] W Cold spring [w+P10+T10)
v Setlement

W Expansion [T1-T2 ¥ Expanzion [T3- T4 v Expansion [T3- T10]
{ Cancel I All | Hone |

For a few others, load cases appear in this dialog on/y affer you input their related data. For
example, to perform a Response Spectrum analysis, you need to

e Tirst input Spectrums (under Misc menu)

e Then, select those spectrums under the menu Loads > Spectrum.

e Tinally, you go back into menu Loads > Load Cases and check the box next to Response
Spectrum for analysis.

As another example, the Cold Spring load cases do not appear in this dialog if you have not
input a “Cut pipe” element in the layout window.

Further, multiple expansion and operating load cases appear here only when you set multiple
thermal loads under Options > Analysis > Temperature in the Layout window.
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Static Seismic Load

Use this load to apply static seismic loads (g-loads) to the model. CAEPIPE applies the input
g-load to the piping system mass separately for X, Y and Z directions. The computed results
(displacements, forces and moments) from each of the three (internal) load cases are
combined using your choice of Absolute sum or Square root of sum of squares (SRSS).
CAEPIPE performs only an algebraic sum when Piping code = None is selected.

Static Seismic Load [g's] |

>< Y z
0,500 |0.250 |0.750

Load Combination
’Vﬁ' SRSS Abszolute sum

] 4 I Cancel Beset

Static seismic is an unsigned case and you will not see a sign (+ or —) in the results for this
case.

Under menu Loads > Load cases, check the box next to Static Seismic (g’s) to select this case
for analysis. This load is treated as an Occasional load.

This g-load is applied only in the specified direction, i.e., a Z (g-load) of -0.189 is applied only
in the -Z direction, not +Z.

A g-load input may affect the extracted natural frequencies when no piping code is selected
(i.e., Piping code = None). See under “Dynamics > Cutoff Frequency” for how.

Acceleration in the vertical direction is generally taken to be 75% of the g-load in the
horizontal direction.

The g-load can be calculated from any of the several sources available (ASCE A58.1, UBC,
etc.). Guidelines from ANSI A58.1-1988, “Minimum Design Loads for Buildings and Other
Structures” are used in the example below.

Piping is assumed to be equivalent to equipment thus giving a force coefficient, Cp as 0.3.

1. First, based on the map below (Contiguous 48 States+Alaska/Hawaii/Puerto Rico),
identify the seismic zone and its corresponding coefficient (Z).
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9 o0 100 300 aou 300 mELes

a1 20 600 GO0

Fig,: 14, Mup for Seimmi Lonc—L oatiguom 45 5ialel (See Commaentary Section 9.4)
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Seismic Zone Coefficient Z

4 1.0000
3 0.7500
2 0.3750
1 0.1875
0 0.1250

Determine the Importance Factor, I as follows:

I=1.5, For piping required in an emergency or piping with contents representing
significant hazard to human life

1=1.0, For other piping

Calculate the acceleration (g’s) as 0.3 X Z X [

Example:

For a power plant required to operate in an emergency, located in Anchorage, Alaska,
calculate the design earthquake load coefficient for piping required to operate the plant.

1. From the map above, seismic zone is 4; from the table above, corresponding coefficient
is 1.0.

2. For piping required to operate in an emergency, the Importance factor is 1.5. =

3. Calculate horizontal acceleration as 0.3 X 1.0 X 1.5 = 0.45g, Vertical g-load (g) = 0.75 *
horizontal acceleration = 0.34g.

The above accelerations need to be applied in the desired horizontal and vertical directions
as long as the piping system is predominantly routed at grade level.
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Static Seismic Analysis

CAEPIPE computes the inertia force (as mass * acceleration) for each direction and applies
it as an occasional load. From the example above, assume we applied 0.45g in X, Y and Z
directions. CAEPIPE applies an X acceleration (of 0.45g) first and solves the case. This
procedure is then applied independently to the accelerations in Y and Z directions.

The above procedure results in three sets of solutions (displacements, element forces and
support loads) to acceleration loads in X, Y and Z directions, which are typically combined in
some manner. In CAEPIPE, two directional combination methods are available: SRSS
(Square root of sum of squares) and ABS (Absolute).

In the SRSS method, displacements, element forces, and support loads from the three X, Y
and Z accelerations are squared individually and added. The square roots of these respective
sums are the displacement, element force and moment, and support load at the given node.
In the ABS method, all absolute values of displacements, element forces and moments, and
support loads are added to get the total displacements, element forces and support loads.

The occasional stresses (Sp) are added to sustained stresses (S;) and shown under Occasional
stresses (S, + Sp).

CAEPIPE does not include the weight of the piping system in Seismic load case. A few
reasons being:

1. The weight is already included in Sustained load case, and

2. Piping codes such as B31.3 specifically mention that MA and MB calculations (moments
due to sustained and occasional loads respectively) be done separately before combining
them to calculate S, (Occasional stress).

If you can, avoid nonlinearities such as gaps and friction when you model seismic loads. As it
is, Static Seismic is an approximation of Response Spectrum, which is an approximation of
Time History analysis! So, the result you get from a static seismic analysis is a gross
approximation.

CAEPIPE adds the support loads from a seismic case to those from Sustained and
Operating to produce the combination loads. Look under the Support load summary to get
the different combination loads at each support.

To evaluate different directional seismic analyses:

In linear analysis (i.e., no gaps nor friction), the results from a seismic load in +X and -X
directions should be the same. So, the combination ranges can be seen by studying support
load summary (e.g., Sustained+Seismic, Sustained—Seismic).

In nonlinear analysis, however, the results from a seismic load in +X may NOT be the same
as those from —X. In such a case, you will have to make two runs, i.e., analyze the original
(say, modell.mod) with +X g-load; copy the model to model2.mod, specify a —X g-load and
compute results. Now you have two sets of results, one from each model. Compare the two
carefully to identify the range (least to the most).

Or, for further post processing, export the results from each model to a CSV file via the
Print > Print to File command (select file type as: CSV). Import each file into a spreadsheet
(e.g., MS-Excel) and combine the results of interest manually.
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In summary, you can set up as many runs as required for the g-loads (+ or —), depending on
whether your model is linear or non-linear, and export results for those runs that you cannot
combine inside CAEPIPE.

As another example, for a nonlinear model with g-loads only in the X-Y plane, you can
analyze four runs (or four identical models with different seismic loads) thus:

Run 1. Specify +X/+Y g-load
Run 2. Specify -X/-Y g-load
Run 3. Specify -X/+Y g-load
Run 4. Specify +X/-Y g-load

Examine the seismic and combination forces and moments from all runs, or in a spreadsheet
(using the .CSV files CAEPIPE exports for each model) to determine the most conservative
of results (and range) for further interpretation.

As another example, in a linear model with g-loads only in the X-Y plane, the two runs

Run 1. Specify +X/-Y g-load
Run 2. Specify -X/+Y g-load

are the same. So, either case (run) alone is adequate.

Or, another example, for a nonlinear model with g-loads in all three global directions, you
could set up eight runs/models:

Run 1. Specify +X/+Y/+Z g-load
Run 2. Specify +X/+Y/-Z g-load

Run 3. Specify +X/-Y/+Z g-load
Run 4. Specify +X/-Y/-Z g-load

Run 5. Specify -X/+Y/+Z g-load
Run 6. Specify -X/+Y/-Z g-load

Run 7. Specify -X/-Y/+Z g-load
Run 8. Specify -X/-Y/-Z g-load

Each of these runs may yield different results. So, a careful evaluation of all eight runs is
necessary to identify the most conservative solution and/or determine a range.
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You can enter up to four separate wind load profiles named Wind, Wind 2, Wind 3 and
Wind 4.

FI- Caepipe : Layout (54) - [complexil.mod (C:\CAEPIPE\710LM)]

File Edit Wiew Options | Loads Misc Window Help

D . q = Load cases (98] ...

E : v Static seismic. ..

# [Mode |Tupe D (A1 v Wind L. Data -
7 |5 v Wind 2... TRE 1 |Force

8 [¢0  |Bend AV I T

3 |50 v b i [BURD[1 |Anchor

— v Spectrum...

E Huydrotest load: Spec. ar e pzi), Exclude inzulation

(11]40 Fram v Harmanic. ..

12|55 iy I 2 1 Guide

13| 50 30" 1 |2 |

(14|70 Walve 20 1 2 1 Shubber

(15| 20 B0 -1 1 2 1 Anchaor

(15| 25 From Conc mass
EREN 1o 1 2 1 Harrmanic load

Load Combinations

With 10 thermal and four wind loads, you can analyze a total of up to 95+ load combinations
(including 55 thermal load cases).

Load cases (98)
I¥ Sustained [w+P) IV Expansion (T1- T3] [ Expansion (T3-T101  [v Operating [w+P1+T1] [ Hydratest
v Sustained fw/+F1] ¥ Expanzion [T1-T4) [¥ Ex=pansion [T4 - T5) [¥ Operating [(W+P2+T2] W Static seismic [g's)
IV Sustained [w/+F2) [V Expansion [T1- T ¥ Expansion [T4 - TE) [¥' Operating fa/+P3+T 3] v wind
IV Sustained [w+P3) I¥ Expansion (T1 - TE] ¥ Expansion (T4-T7] ¥ Operating [(w/+P4+T4) ¥ ‘wind 2
v Sustained [w'+P4) I¥ Expanzion [T1-T7) [V Expansion [T4 - T8) [V Operating [w+P5+TH) v Wwind 3
IV Sustained [w/+F5] IV Expansion [T1- T8 ¥ Ewparsion (T4 -T9) ¥ Operating (W+PE+TE] [ Wind 4
IV Sustained [/+PE) [V Expansion [T1 - T9) ¥ Exparsion (T4 - T10) Iv' Operating f#/+P7+T7] v Modal analysis
Iv' Sustained [w+F7) ¥ Expansion (T1 - T10) ¥ Expansion [T5 - TE] [¥ Operating [wW+PE+T8] ¥ Fesponse spectum
IV Sustained [w/+g] IV Expansion T2- T3] [¥ Expansion [TG- T7) [¥ Operating [W+P3+T9) v Time histary
IV Sustained [w/+P3] IV Expansion [T2- T4) [ Expansion [T5- T8) [v Operating (w+P10+T10] W Hamonic response
v Sustained [w+P10] [V Expansion [T2- T [ Expansion [T5 - T9) [ Cold spring [w+P)
IV Expansian (T1] IV Expansion [T2- TE] [V Expansion [T5 - T10] [v Cold spring [w/+P1+T1]
IV Expansion [T2] V¥ Expansion (T2 - T7) [V Expansion (TE- T7) [V Cold spring [w+P2+T 2]
IV Expansion (T3) IV Evpansion (T2 - T8) [V Ewpansion [TE - T8) [V Cald spring [iw/+P3+T 3]
I¥ Expansion (T4) I¥ Expansion T2 - T3] ¥ Expansion (TE-T3] ¥ Cold spring [w'+P4+T4)
I¥ Expansion (T5] [¥ Expansion[T2- T10] [ Ewparsion (T6-T10) ¥ Cald spring [ +P5+T5)
IV Expansion [T6) IV Evpansion (T3 - T4) [ Ewpansian [T7 - TS) [ Cald spring [iw/+P5+T &)
¥ Expanzion [T7) ¥ Expanzion (T3 - T5) [¥ Expansion [T7 - T9) ¥ Cold spring [W+P7+T7)
¥ Expansion (18] ¥ Expansion (T3 - TE] I¥ Expansion (T7-T100 ¥ Cold spring [w+P8+TE)
I¥ Expansion (T3] ¥ Expansion T3 - T7) v Expanzion [T&- T9) v Cold spring [w+P3+T9)
v Expansion [T10] [¥ Expanzion [T3-T8) [ Expansion [T&- T10] [¥' Cold spring [w/+P10+T10]
IV Expansion [T1-T2] IV Expansion [T3- T3] ¥ Expansion [T4- T10] v Settlement
Cancel | All | MNeone |

You can apply a wind load to the whole or parts of the model. CAEPIPE applies it as a
lumped (concentrated force) load at the nodes (i.e., it is not a distributed load along the
element). A wind profile is required for the region in which you (plan to) have the system
installed.
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wind Load |
Shape factar IEI.EEI
Diirection
¥ comp ' comp £ comp

! ! I

Elevation |“elocity :l

ffeet] (iph ™ Pressure vz Elevation
= “elocity ws Elevatior

] 1]

RO 45

Elevation I[feet] "I
Preszure I[psf] vI
| Welocity I[mph] "I

] 4 I Cancel Delete |

Shape factor

Input a shape factor value here. CAEPIPE uses a constant value for shape factor. See ANSI
A58.1, “Minimum Design loads for Buildings and other Structures” for more information.

For Pressure versus Elevation, one needs to multiply (or build) the shape factor into the
input value for pressure. CAEPIPE does not use the shape factor when user selects Pressure
versus Elevation.

Direction

Input the direction of the wind using the direction cosines (examples: for wind in Z
direction, Z comp = 1; for wind in 45° X-Y plane, X comp=1, Y comp=1, Z comp=0). See
section on Direction in Reference.

Wind Profile

You need to input values for wind velocity or pressure at different elevations. CAEPIPE
interpolates the wind load on an element from these values based on its elevation.

units

You can specify any combination of units for elevation, pressure and velocity.
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Wind Pressure

The wind pressure in (Ib/ft’) is calculated as:
Wind pressure = 0.0032 X Wind velocity’x Shape factor
where Wind velocity is in (mph).

To exclude an element(s) from wind loading, the Load definition dialog for that element
should not have Wind load checked. See dialog below that shows “Wind load” unchecked.

Load # 1 B
Load name I'I— W 3a/ind joad
Temperature 1 IEUU [F]  Pressure 1 IEUU [ps=i]

Temperature 2 I [F1  Pressue 2 I [pzi]
Temperature 3 I [F1  Pressue 3 I [pi]

Spec. gravity IEI.E Add. weight I— (bt
|T| Cancel | Specific gravity is

with rezpect to water

Spectrum Load

Shock waves (due to a seismic event), sometimes hundreds of feet long, travel through the
soil causing ground motion at all supports in a piping system. Every support connected to
the ground in a piping system will see the same excitation (hence uniform). These excitations
are specified using a response spectrum, which is a table of maximum response versus
natural frequency (with damping) for single degree-of-freedom systems.

A "Spectrum” load specified here will be applied simultaneously at all supports during a
“Uniform response spectrum” analysis, following which, CAEPIPE will compute the modal
and directional responses (to this uniform excitation), which are further combined in a
manner you specify.

The spectrum load can only be input after at least one spectrum is defined (under menu Misc > Spectrums).
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Spectrum Load [ x| |

Factor I'I.EII:IEI
T zpectium I j Factar |1.EIEIEI
£ spectum ISpectrum 1 j Factor IEI.EEIEI

2 zpechium churn 1

Spe

Mode Sum——— Direction Surn
{* SHSS {* SRSS
™ Clozely spaced = Abzaolute
" absolute

ak. I Cancel Bezet

X, Y and Z spectrums

Select a spectrum from the drop-down combo box, which should have been input in the
spectrum table for each direction.

Factor

The multiplying (scale) factor for the spectrum is input here. The same spectrum may be
multiplied by different (Scale) factors to apply spectrum loads for different dynamic events.

Mode Sum

Pick one of three choices, SRSS (square root of sum of squares), Closely spaced or Absolute.
See section on Dynamic Analysis in Reference for more information.

Direction Sum

Pick one of two choices, SRSS (square root of sum of squares) or Absolute. See section on
Dynamic Analysis in Reference for more information.

See topic on Dynamic Analysis for more information.

Time History Load

A phenomenon that causes loads to vary with time can be applied in CAEPIPE for time
history analysis. You may hand-calculate these values or use a simulation program (such as a
transient fluid flow program for fluid hammer analysis) to get the variation of forces or
moments in time at different points in the piping system. These loads are then input into
CAEPIPE as time functions, which are later applied at the corresponding nodes of the
piping system as ““T'ime Varying Loads.”

Time functions (input under menu Misc > Time Functions) are a series of nondimensional
values versus time, which describe the variation of the forcing function with time. The actual
value of the time function at any time is found by linear interpolation between time points.

When you input a “Time Varying LLoad” at a node, you may apply a scale factor, if necessary,
along with the direction of the force or moment.
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CAEPIPE will then apply these loads to compute the response of the piping system by
performing a time history analysis.

Various parameters for time history analysis are specified in the Time History Analysis
Control dialog under menu Loads > Time History.

Time History Analyzis Control |

Time ztep [zEcond)
MHurmber aof time steps IF
Cutput inkeryal I'IEI— ¥ Save results
D amping IE— [%]

ak. I Cancel |

Time step

The time step (time interval) at which the analysis is performed should be typically no more
than 10% (smaller the better) of the period of the highest frequency of interest, i.e., higher
the frequency, smaller the time step, e.g., for a 33 Hz maximum frequency, the time step
would be less than 0.003 seconds.

Number of time steps

The time history response is calculated for a total time (seconds) of Time step X Number of
time steps. This is how long you want to study system response. The total time may exceed
the range of available data in the time function. The time function is only a forcing function.
But, CAEPIPE can compute system response to it well after the forcing function ceases. For
example, the effect of a heavy steam hammer could linger on for a minute while your forcing
function data could span only 8s (seconds).

Qutput interval

The output interval is a multiple of time step at which you want CAEPIPE to save (and later
display) results. For example, assuming a time step of 0.001s, if you wanted to see results at
every 100th time step (0.1s, 0.2s, 0.3s, and so on), enter 100 for output interval. You need to
check the “Save Results” checkbox to see these time varying results which are saved in the
file modelname.rth. 1f the “Save Results” checkbox is not checked, only the enveloped results
are available but not their variation in time. The .RTH files may be big for large models with
many time steps (so ensure that you have adequate storage and permission settings).

Damping

Express the damping factor as a percentage (not as a fraction). Enter 5, not 0.05, for 5%
damping,.

Example:

Input: Time step = 0.01s, Number of time steps: 1000, Output interval: 10, Damping: 5%,
Save Results checkbox Checked.
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CAEPIPE calculates the solutions at every 0.01s up to 10s. The results are saved every 0.1s
in the .rth file. Note however, that CAEPIPE calculates the enveloped (maximum) results at
every time step interval and not the output interval. The output interval is strictly for display
purpose in the results and does not affect analysis.

The Time Varying Load dialog is shown below:

Time ¥Yarying Load at node 30 |

Direchion IFK j Uitz I["I'] j
Time |1 j
Scale Factor I'I

Cancel |

The Time Varying Load at a node is specified by its direction, units, the associated time
function and a scale factor. This scale, factor is a scalar value, which when multiplied by the
nondimensional time function will give the actual magnitude of the forcing function in the
unit selected in the above dialog,.

Harmonic Analyzis |

D armping IE [%]

Combinatian

{* Floot Mean Sguare
" Abzolute Sum

Cancel |

Harmonic loads can be loads from any sinusoidal loading, such as from rotating equipment
or reciprocating pumps on a line. The magnitude of the loading should be determined before
analysis. If only one compressor is on a line, then only one harmonic load is input. If more
than one load is acting on the same line, then the phase (angle) or the separation in timing of
application of each harmonic load becomes important (consider for example that the two
loads may be equal and opposite thus canceling out any dynamic imbalance, or the two loads
can be in the same direction, say +X and separated by 30° phase angle). So, the situation
must be carefully analyzed before imposing these loads.

Harmonic analyses of linear structures are generally performed to determine the steady-state
response to long-duration loads, which vary sinusoidally (harmonically) with time, thus
enabling you to verify whether your designs will successfully overcome resonance, fatigue,
and other harmful effects of harmonic vibrations. In a harmonic analysis, all long-duration
loads and the structural response vary sinusoidally at the same frequency.
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Various parameters for harmonic analysis are specified in this dialog shown above.

Damping

CAEPIPE applies this factor to all the modes. Enter value of critical damping as a percent,
not as a fraction (Example: For 5%, enter 5, not 0.05).

Combination

CAEPIPE combines modal responses using one of two methods: Root mean square (RMS)
or Absolute sum (which may be too conservative). Pick one.

After you input the data here, then apply Harmonic loads at nodes of interest. Then, select
Harmonic under the menu Loads > Load cases for analysis.

The Harmonic Load dialog is shown below:

Harmonic load at node 90 |

Frequency |1 20 [Hz]

Phaze |30 [deq]

F2% (1) FY (1) FZ [IE]
1000 | |

ok I Cancel |

The harmonic load can be imposed as a Force (FX/FY/FZ) at a specified frequency and
phase angle. You may be able to get more information on the harmonic loading (mass, rpm,
eccentricity, etc.) from the manufacturer of the equipment.

Since a harmonic load response is unsigned, results do not have signs (+ or —).
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Misc Menu

A few utilities such as Check bends and connections, sundry items such as opening the list
screens for materials, sections, loads, pumps, compressors and turbines, and commands to
enter data for spectrums, time functions, etc., are among the commands on this menu. When
Piping code is set to None under menu Options > Analysis, all items from Pumps to Soils
(inclusive) are disabled.

Misc Window Help

Coordinates Cirl +5hift+C
Element types...  Cirl+Shift+T
Data types... Ctrl+5hift+D
Check Bends

Check Connections

Materials Ctrl +5hift-+H4
Sections Cirl +5hift+5
Loads Cirl+shift+L

Beam Materials
EBeam Sections
Beam Loads

Pumps
Compressors
Turbines

Spectrums
Force spectrums
Time functions
Soilz

User Allowahles
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Coordinates (Ctrl+Shft+C

This command lists the coordinates of all the nodes (including internally generated nodes
such as A, B nodes) in the model.

kI- Caepipe : Coordinates (46) - [complexim... [H=] E3

File Edit Wiew Optons Misc Window Help

Q==

f [Mode [ [ ter) |[Zie -
1 [0 |o 0 0

[z |15 |ag 0 0

(3 [20e (7111416 |0 0
FERE 0 0
BECRES 0 1015115
EREIRER 0 20"
BEER 0 ED"

ERENER 0 30"

(5 408 |30 0 10%6"

foja0 |30 0 121"

(11 ]408 |30 6" 121"

FEERER &0 121"

[13]s5  [120 0 ED"

[14]e0  [150 0 ED" v

File Miew Options ‘Window Help

S EE & v

-

K1l | W

Straight line distance between two nodes can be found by using the menu View > Distance
command (Ctrl+D) in the coordinates window.
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Diztance Between Nodes |

From [10 To |80

Units [ft'in"]
D = 230"
D=0
0Z= E0"
phi= 0

Beta= 14.621

Digtance = 23,7697
| Apply I Cancel |

Also shown are the angles the straight line (between the two nodes) makes in the X-Y plane (phi)
and from the X-Y plane (beta).

Element types (Ctrl+Shft+T) §il Data types (Ctrl+Shft+D)

You can open these dialogs that contain the different elements or data items you can input at
a node. You can also open the same dialogs by clicking on the header row in the Layout
window or right clicking in the Type or Data column on an empty row.

More information about these commands is available under Layout Window in Reference.

Check Bends

CAEPIPE can identify incorrectly and incompletely modeled bends. If you have any, you
must correct them before analysis.

Case 1 (Incorrect modeling)

An “Invalid Bend” occurs if the bend geometry is input incorrectly in the layout. For
example, for 90° bends, the bend radius should be less than or equal to the shorter of the
lengths (from the previous node to the bend node or from the bend node to the next node).

Case 2 (Incomplete modeling)

A bend needs to be given a change in direction from the previous direction on the row
below it. If this change is either not specified or incorrectly specified, CAEPIPE flags this
bend as an invalid bend. An example follows.
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=E: Caepipe : Layout [6] - [INY_BEND.MOD [‘ACDV-Y._ . =] E3

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type | DX (tin") | DY (ftin") | DZ [ftin") | Matl| Sect | Load | Data

1 | Title = Example of an irsalid bend

2_ 10 From Anchar
(3 (20 |Berd |90 1 |8 |1

(4 (30 |Bend EO" 1 |a8 |1

5 (40 |Bend g 1 |8 |1

BE i 1 |8 |1

7

When you select the Check bends command under the Misc menu, you get the following
message for this model.

i

.

30

By studying the image and the Layout window above, you can see that the bend at node 20
turns from X direction into Z direction, and the bend at node 30 turns from Z direction into
Y direction. But, the bend at node 40 incorrectly turns from Y direction into Y direction. To
correct this, this bend needs to turn into any direction other than Y. The following screen
shots show the correction. The bend at node 40 now turns into Z direction.
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mE: Caepipe : Layout [6] - [¥_BEND MOD [ACDY-VISLE .. [Wl=] B3

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type | DX (tin") | DY (ftin") | DZ [ftin") | Matl| Sect | Load | Data

1 | Title = Example of a walid bend

2_ 10 From Anchar
(3 (20 |Berd |90 1 |8 |1

(4 (30 |Bend EO" 1 |a8 |1

5 (40 |Bend g 1 |8 |1

BE " 1 |8 |1

7

When you run the same Check bends command again, you get the following message.

Caepipe

@ Al bends are OF.
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Check Connections

While not foolproof, this command checks for missing connections between pipes. By
studying the following two figures, can you identify what is wrong with the modeling shown
below? Check connections command will.

mE= Caepipe : Layout [8] - [Dizcontinuity.mod AACDY-... =] ES

File Edit Wiew Options Loads Misc Window Help

2 EE BEE a®

# |Node | Type [DX (itin") | DY fftin")| DZ (ftin") | Mat | Sect | Load | Data

1 | Title = Dizcontinuity inthe model

2_ 10 From Anchor
3_ 20 B0 AR3 (10 |HI

(4 |25 n ARI (10 |HI

5_ 20 From

E_ a0 Bend an ARI (10 |HI

(7 |40 Bend |-2'0" AR 10 |HI

E_ a0 -2 AR3 (10 |HI

9 What is wrong wiFh this queliqg?

«40 ‘/T\‘
LT P X

2h
What is wrong with this modeling?
Menu Misc > Check Connections
will identify the error!

By studying the previous Layout window, you will notice that even though node 50 appears
to be on the header (node 10 to node 25), it actually is not. Node 10 connects directly to
node 20 which further connects to node 25. The loop begins from node 20 and goes up to
node 50. But 50 is not defined on the header. So, there is no connection between the loop
and the header!
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When you run the Check connections command, you get the following message.

Cocvipe B3|

e Bbrow = 8, Mode = 50

i\ _:' iz probably not connected to
-

element at row 3

So, you might want to run this command on complicated models with loops just to ensure
that all such connections are properly modeled.

Corrected modeling is shown next. Notice that node 50 is now defined as part of the header
from node 10 to node 25.

mE: Caepipe : Layout [9] - [Dizcontinuity.mod [MNCDY-Y___ =] E3

File Edit Wwiew oOptions Loads Misc Window Help

E2EE BEE a®

# |Node | Type [DX (itin") | DY [ftin") | DZ (ftin") | Mt | Sect | Load | Data
1 | Title = Dizcontinuity inthe model

2_ 10 Fram Anchor
3 [&0 B0 a53 (10 [HI

4 |20 20 &53 (10 [HI
BE: 70 &53 (10 [HI

E_ 20 Frarm

7 |30 |Bend 70" A53 (10 [HI

(2 (40 |Berd|-20m 453 (10 [HI

ERED 453 (10 [HI

10]

Materials, Sections and Loads

Please see the respective sections with the same titles in Reference.

Beam Materials, Beam Sections and Beam Loads

These three can be found under Beam in Reference.

Pumps, Compressors and Turbines

Please see the respective section with the same title in Reference.
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Spectrums

A (uniform response) spectrum is a table of maximum response versus natural frequency for
a specific excitation in single degree-of-freedom systems. You can input spectrums in three
ways:

1. Input spectrums directly into the model.
2. Create a spectrum library and load spectrums from it.
3. Input spectrums from a text file.

When you use the first two methods, you may use menu Options > Spectrum command to
set the different units for the X- and the Y-axes, and also choose the interpolation method.

Spectrum Options |
—ébsoizza—— 7 Oridinate
 Frequency [Hz} Displacement © inch
" Period [Sec) £ mm
dcceleration © indzece
 mmizec?
v 0'z
Interpolatior % Linear | Interpolatior €% Linear
i Log i Log
ak. I Cancel

1. Input spectrums directly into the model

Select Spectrums from the Misc menu. You are shown the List window for spectrums. Start
typing pairs of values into it. The frequencies or periods do not have to be in any order;
CAEPIPE will sort them later. You can input as many pairs of values as required.

FI- Caepipe : Spectrums (3) - [complexli.mod ... [B=] E3
File Edit WView Options Misc Window Help
Qv ==
# |Mame # | Freguency | &cceleration =
[Hz] [q's]

1 | ¥ spectrum 1 |1 0.00258739

(2 | spectrum BE 0.00253753

(3 |Z spectum EREE 0.00258739

4| BEE 0.00253733

| (5 [ 100 0.00258753

] BREEE 0.00258799

] 7 75 000255793
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2. Create a spectrum library and load spectrums from it
From the Main, Layout or Results window, select menu File > New.

Hew |

i~ Model [.mod)
™ Material Library [.mat]

% Spectum Library [ zpef
= Walve Librar [ vall

" Beam Section Library [kl
" Flange Modsl [fg]

Ok I Cancel

Select Spectrum library. The spectrum library List window is shown. Start typing pairs of
values into it.

kE: Caepipe : Spectrum Library (3] - _.. [H=] B3
File Edit ©Options Help

O = E

# |Mame B | Frequency | Acceleration

[Hz] [9's]

1 | TestSpectrurm1 (1 |1 130

2_ Test Spectrum 2 2_ 2 220

3 | Test Spectrum 3 ERE 250

4 | 4 |4 1932
] 5 |5 1000
B BE 1600
] 7

The frequencies or periods you type can be in any order. CAEPIPE will sort them later. You
can input as many pairs of values as required. Be sure to save the file (it will be saved to a
filename you specify, with a .spe extension) using the Save command in the File menu.

Now, open the CAEPIPE model that needs these spectrums. Open the saved library (menu
File > Library) and input spectrums into the model from the shown list.

Spectrum Library - [TEST SPECT ._. |

Spectrum Mame

Test Spectuum 1
Test Spectm 2

i

Test Spectum 3

ak. I Cancel Library
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3. Input spectrums from a text file

This method involves creating a separate text file (in the format shown below) for each
spectrum you want to input. The steps are given below.

a) For each spectrum, on the first line, type the Name of the spectrum (up to 31
chars). On the second line, type units for Abscissa (X-axis) and Ordinate (Y-axis)
axes, separated by a space.

b) After these two lines, on each line, you can input a value pair. You can input as
many of these value pair lines as required.

¢) Each spectrum should be saved to a separate text file. More than one spectrum
should not be input in one text file as it cannot be read into CAEPIPE.

d) Now, open the CAEPIPE model that needs these spectrums. Select Read
Spectrum from the File menu, read all text files you created one after the other.

Fi- Caepipe : Spectrums [3]

File Edit “iew Options Misc
Library, ..

Read Spectrum. ..
Export...

Prink. .. Ckrl+P

The format of a spectrum text file is shown below. The spectrum that is read appears on the
row where the yellow highlight is placed (under the Name column). You can use the Edit
menu commands to insert an empty row or delete an existing spectrum. Ensure that no two
spectrums share the same Name. CAEPIPE issues a warning should such occur.

The spectrum text file should be in the following format:

Name (up to 31 characters

Abscissa units Ordinate units
Abscissa valuel Ordinate valuel
Abscissa value2 Ordinate value2

Where
Abscissa units Frequency (Hz)

= Period (Sec)

]
I

Ordinate units = Displacement (inch)

= Displacement (mm)
Acceleration (in/sec2)
= Acceleration (mm/sec2)

= Acceleration (g’s)

A WNEFO
I}
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Example file

Test Spectrum
2

190

220

250

1932

1000

1800

O~ WNEO

Analysis note:

While analyzing the response spectrum case, when a mode (frequency or period) falls outside
the spectrum table, CAEPIPE issues a warning and uses the value corresponding to the
closest frequency or period in the spectrum table (for example, CAEPIPE uses the value
corresponding to the lowest frequency if the calculated frequency is lower than the lowest in
the spectrum table or uses the value corresponding to the highest frequency if the calculated
frequency is higher than the highest in the spectrum table).

Once you are done inputting the different spectrums using any one of the three methods,
you need to input the Spectrum load itself under the menu Loads > Spectrum in the Layout
window. Details on inputting the Spectrum Load are provided earlier under the Loads
menu.

Spectrum Load |

& spectunm ITest Spectim 1 j Factar I'I 000
' spectunn ITest Spectrum 2 j Factar I'I.EIEIEI

Z spectum ITest Spectiurm 3 j Factor (RN

Mode Sum—— Direction Surm
* SRSS {* SASS

™ Clozely spaced " Abzolute
" sbsolute

| F, I Cancel | Bezet

Force Spectrums

See topic on Force Spectrum in Reference on page 248.
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Time functions are nondimensional tables (i.e., a series of time versus value pairs) which
describe the variation of the forcing function with time. Usually, a transient fluid flow
analysis program computes forces as a function of time at all changes in directions
(bends/tees) and other points of interest. These forces/moments result from a transient
event such as a fluid hammer. Separate force-time histories are then input as time functions
and applied as Time Varying LLoads within CAEPIPE at the corresponding nodes of interest
in the piping model.

In CAEPIPE, the time function you define can have any interval between two time values.
You can make that table as fine as you want it to be.

You must have a zero entry for the Value next to the first Time input. Time history analysis
begins at time t=0.0. You can input as many time-value pairs as required.

There are two methods for inputting time functions.

1. Input time functions directly into the model.

2. Create a text file for each function and read it into CAEPIPE.
1. Input time functions directly into the model

Click on menu Misc > Time functions to type in time functions. Time is measured in
seconds. Value is nondimensional. You can assign units to these Values when you input a
Time varying load at a node. For now, simply start typing the time-value pairs. Next, input
parameters for the Time History Analysis Control dialog, and then input Time Varying
Loads at nodes of interest.

kE: Caepipe : Time functions (3) - [co.. [H[=] E3

File Edit View Options Misc Window Help

R ==

H | Mame | Time [Sec] | Value
1 |Time Function1 |1 |0 0

2 | Time Function 2 |2 |01 100
(3 | Time Function 3 [3 |02 0.025
4| (4 (0.3 26,65
] (5 |04 112
| (£ |05 206
] (7 |06 7984
] (= (07 1382
] EREE 2571
] [10] 0.9 2480
] (111 2109
] 2]
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2. Create a text file for each function and read it into CAEPIPE

Read these text files into CAEPIPE using the menu File > Read Time Function command.
For each function, you need to type a Name (up to 31 characters) on the first line, type time
followed by a Value (separated by a space) on the following line. You can input as many
time-value pairs (one pair on each line) as required.

=I* Caepipe : Time functionz [3])
File

Read Time Funckion. ..
Export...

Prink. .. Ckrl+P

The format of the time function text file is shown below. The time function that is read from
a file appears on the row where the yellow highlight is placed (under the Name column). You
can use the Edit menu commands to insert an empty row or delete an existing time function.
Ensure that no two time functions share the same Name. CAEPIPE issues a warning should
such occur.

Time Function
0

0
0.025
26.65
112
806
7984
1882
2531
2480
2109

RPOOOOOOO0OO0OO0OO0
©Co~NoOOUR~AWNEFO

Once you are done entering time functions, specify the parameters in the Time History
Analysis Control dialog under menu Loads > Time History, details of which are provided
earlier under the Loads menu topic.

Time History Analysiz Control |

Time step [second]
Mumber of time steps IW
Output inkeryal I'I— ¥ Save results
Dramping IE— [%]

| ] 4 I Cancel |
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Then, specify Time Varying LLoads at applicable nodes in the model. The following figure
shows the time function as a time-varying force applied in the Y direction (FY) at node 100.
Under Units, you can specify one of several depending on whether you are applying the
Values in the time function as a force (FX, FY, FZ) or a moment (MX, MY, MZ). For more
details, please see discussion under menu Loads > Time History.

Time Yarying Load at node 30 |

Directiu:uanX j Uhitz I[":'] j

IR T irne: Function 1

Scale Factor |1
ok I Cancel |

See Buried Piping Example in the topic on Buried Piping in Reference.

User-Defined Allowables

CAEPIPE allows you to define "User Allowables" for Anchors, Generic Supports, Nozzles and
Restraints through Misc > User Allowables.

ki- Caepipe : Allowables (1) - [complex... =] E3
File Edit Wiew Optons Misc Window Help

=

# |Mode 2 (M2 My [M2
S N s
10 |3000| 2500 | 3000 | 4000 | 7400 | 4000

1
2

The allowables thus defined are compared against calculated loads and printed in Support
Load Summary outputs.
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Allowables |
Mode |1 0
R (k] FY' (] FZ [Ib]
{3000 {2500 {3000
M [ftlb) MY (] MZ (b
{4000 {7400 | 4000}
cuct_|

If the calculated loads exceed the input allowables, they are highlighted in red.

kE: Caepipe : Support load summary for anchor at noede 10 - [Sample-usrAllowable.r... [l [=]
File Result= View Options Window Help

= 1A HeE BleEs
Dizplacements [global]
Load combinabion | F= (lb]  [Fy(lB]  [F2 (k] | M (f-lR] | Y (R-b] | M2 [-B] 5 Tinch] T Tineh] T [inch]
Susgtained 13 -385 26 -365 171 -1118 0000 |0.000 0000
Operatingl 28580 | 1474 13782 |-B909 7834|1248 | 0.000 (0000 (0000
[EEI 13 1474 26 -3E5 57834 16248 | 0.000 (0000|0000
kinirnumm -28550 |-385 13762 |-B909 171 -1118 0000 |0.000 0000
Allovables 3000 2500 3000 4000 7400 4000 0000 | 0.000 0000
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Window Menu

For a single model file, CAEPIPE can keep up to four open windows simultaneously for
your enhanced understanding of the presented information.

The windows are:

e [ayout
e Graphics
e List,and
e Results

From any window, you can move focus to any other window (such as Graphics or List)
using the F2 and F3 hotkeys. F2 will move focus between text (Layout, List or Results) and
Graphics windows, and F3 between open text windows (between Results and Layout or
Results and List).

Users who have a smaller monitor and work with maximized windows for input, list,
graphics and results, will see more the advantage of these hotkeys (F2 and F3). In such a
setting, one key press (F2 or F3) will quickly move the focus to another window (without
having to either minimize the one where the focus is or switch to another window through
the taskbar).

From the Layout window:

Wind o

Graphics FZ
Lisk F3

From the List window:

Window Help

Graphics F2
Layouk  F3

From the Graphics window:

Window Help Window

Layout F2 List Fz |

From the Results window:

Window  Help

Graphics FZ
Lisk F3
Layauk
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Note: In the above Window menu from the Results window, if you moved focus to the
Layout window, then the hotkey I3 would be assigned to Layout (not List as shown). So, the
Window menu would look like:

Window Help

Graphics F2
Layout F3
Lisk
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File Menu

This menu has commands for printing and copying graphics images to the clipboard. You
can also set the drawing size for a printer/plotter/DXF file and type in a new title for the
image (different from the Title entered on row 1 of the Layout window).

Prink. .. Chrl+P
Copy Chrl+iC
Drawing Size. ..

Flok Title...

Print (Ctrl+P

The Print command here opens the Print Graphics dialog which allows you to select a
printer and customize other print settings.

PrntGraphics ____________________HEH|

Prirter |

araphics

Frinter setup HF Officejet Pro LFFO0 Series

FPage setup Orientation ; Landzcape

41

Font Arial, 10 paint

Pririt | Cancel | Fresie Frint ko File

On the Printer tab, you can setup the printer and the graphics print page as well as select the
font for printing graphics.

The font you select here is different from the Font selected in the Graphics Font dialog
under the Options menu. The Font command here sets the font for printing only, and the
one under the Options menu sets the font to use for Graphics display only as explained on
p. 111
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Before you print an image, you can preview it by clicking on this button.

I Caepipe : Print Preview [_ o]
Fie Uew Options Help

Print Frev. Page: NextPagaI Close

Sample problem Sample

Octe, 11

While in the Preview mode, click on Close to return to the Graphics window or click on
Print to send the job to the printer.

[ Print to File |

This can be a useful command to convert the line drawing (vector) graphics to other vector
formats such as Encapsulated Postscript (EPS), Windows Enhanced Metafile (EMF),
AutoCAD’s DXF or HPGL’s PLT. You can specify a filename for the graphics file.
CAEPIPE can also convert other vector graphics such as non-rendered stress and stress
ratio plots, deflected and mode shapes to the above vector formats.
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=I- Print Graphics to File |
Sawve i I B3l j = I'=j€ EH-~
Nams & | | Date [ | Type
J Material_Library 2/14/2013 2:58 PM File f
J Walve_Library 2/14/2013 2:53 PM File f

1 | i
File namme: IBigmu:u:IeI Erint I
j Cancel |

Save as ype: IWindnws Enhanced Metafile [*. emf)

E ncapsulated PostScript [ eps]
DF [ dxf)
HPGL [*.plt]

Note on DXF output

CAEPIPE sends only the model information including the line drawing into a DXF file in
different layers. It does not send any results (like stresses or deflected shapes) to a DXF file.

Print Dialog for OpenGL Rendered Images

For rendered images, you will see a different Print dialog. Here, as in the earlier Print dialog,
you can select a printer and customize certain print settings. The resolution and image
background can be set, too. A black background will consume more of your printer ink.

Print OpenGL Graphics E |

Brinter zetup | HP Officejet Pro L7700 Senes
Page zetup Orientation ; Landscape

Fant Arial, 10 paint

i

Resolution " Low © Medium " High

Background ¢ Black & ‘wWhite

Canicel Prewview
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Setting the resolution to High might take up a lot of system memory and slow your system
down. Should such happen, use the Low or Medium setting.

Preview the OpenGL graphics rendering by clicking on this button.

FI: Caepipe : Print Preview

Eile Yiew Options Help

Print IFrstage Mext Fage: Close

Sample problem Sample

Oct 11,11

Copy (Ctrl+C

You can copy the displayed graphics image to the clipboard and then paste this image into
any other program that accepts it. For example, you can copy the rendered view of a model
and paste it into your paint or a graphics processing program so that you can use the finished
image (possibly with your annotations) in a word processing program of your choice to
generate a report.

Drawing Size

The drawing size command applies only to DXF and PLT files. Before you generate a DXT
or a PLT from menu File > Print > Print to File, you need to set the drawing size here. The
default is set to US A size (Letter — 8.5” x 117).
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Drawing 5Size for DXF & PLT |

Size

" Portrait % Landscape

] 4 I Cancel |

There are several US and ISO sizes available.

Drawing Size for DXF & PLT ||

Size

i e 17 in)
CSize 17 inx 22 in]
[ Size [22 in = 34 in]
E Size [34 in = 44 in]
—Ad4 Size (210 mm = 297 mm] -
A3 Size (297 mm « 420 mm)
A2 Size (420 mm « 534 mm)
AT Size (594 mm « 841 mm)
A0 Size (841 mm » 1189 mm]

Plot Title

For the graphics image printout (or for the image copied through the Copy command), you
may type in an image title different from the model title (in the Layout window). Clicking on
Reset will restore the title to the original model Title from row 1 in the Layout window.

—

Plot Title |

ISampIe prablern Title far Graphics Plat anly

Cancel | Bezet |
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View Menu

This menu contains commands for graphics operations.

Yiew Opkions  Window  Help
Viewpaink, .. F4
Previous Yiew Fa
Center CkrlH-Shife+C
Turn Chrl+T
Zoom &l CErl+8,
Zoom In Page Up
Zoam 2k Page Dn
Show. . . ChrH+5
Show Modes. .. CErl+R
ShowHide Doks + Mumbers  F3
Redraw Ckrl+D
Render Chrl+R.
Hide Current Element Fa
Show all F3
Make Transparent F7
&l Transparent Fi0
all Opaque F11
ShowHide Selected Elements F12
Freeze Yiew Fa
Viewpoint (F4
Yiewpoint |
* Y £
1.0000 {1.0000 {1.0000
5 i | T i | = wiew | |zometric |
k. I Cancel | Apply | Previous |

Use this command to set the graphics viewpoint. Several useful buttons inside the dialog
allow you to change viewpoint to a preset one.

For example, if you want to see the “plan” view (Y-vertical), click on “Y view” button.

Previous View (F5)

Use this command to display the previously viewed graphics image in the Graphics window.
The last used viewpoint, zoom level and area of the image are brought back into view.
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Center (Ctrl+Shift+C

Use this command for centering the image around a particular location. When you select this
command, the mouse pointer turns into a crosshair. It can be moved around by moving the
mouse. Position the crosshair at the image location that you want centered and then left-click
on the mouse to center the whole image around that point.

Turn (Ctrl+T

Use this command to rotate the image about the horizontal or the vertical axis. Move the
thumb on the scroll bar to rotate the image, or use the arrow keys on the keyboard.

Or, use

Shift + Mouse Scroll Button Up and Down for horizontal rotation of model
Ctrl + Mouse Scroll Button Up and Down for vertical rotation of model

In Translation mode, use:

Shift + Mouse Scroll Button Up and Down for horizontal translation of model

Ctrl + Mouse Scroll Button Up and down for vertical translation of model

Zoom All (Ctrl+A

Use this command to view the whole model in the Graphics window.

Zoom In, Zoom Out

Use these commands to increase or decrease the magnification level for the image. Hotkeys
are Page Up (for Zoom in) and Page Down (for Zoom out). You can also use the mouse
wheel button to Zoom in and Zoom out.

Use this command to either display or suppress display of various items in the Graphics
window. This feature helps in reducing clutter in the displayed image. In addition, it enables
you to display selectively one or more items in the Graphics window. Select or deselect items
and click on OK or Apply (to see the effect immediately while keeping the dialog open).
Click on All or None button to select all or deselect all the items with one click.

Show |
v fnchars v Guides ¥ Restraints
v Conc maszes v Jacket connections [ Fow numbers
v Curved bends [ Lengths ¥ Skewed restraints
¥ Dotz at nodes ¥ Limitz stops ¥ Snubbers
¥ Flanges ¥ Mode numbers ¥ Specified displ
¥ Forces ¥ Mozzles
Cancel | Apply | Al | Hone

The Local Coordinate system can be shown for all the elements while viewing Results.
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Show/Hide Dots and Numbers (F3

Use the hotkey '3 to remove Dots and Node numbers from the graphics display.

Show Nodes

Show Nede Numbers at |

V¥ Anchors ¥ Flanges V¥ Festraints

V¥ Anchor releazes ¥ Forces V¥ Rigid elements

v Eall joints ¥ Guides W Skewed restraints

¥ Bellows ¥ Hangers V¥ Slip joints

¥ Eend: ¥ Hinge joints W Snubbers

¥ Eranch pointz ¥ Jacket connections W 5Specified displ

¥ Eranch SIFs V¥ Limit stops W Thieaded joints

¥ Conc maszes ¥ Miter bends ¥ alves

¥ Cut pipes ¥ Mozzles W wields

¥ Elastic elementz W Reducers W Generic supparts
k. | Cancel | Apply | All I M ane

Use this feature to show node numbers selectively at different locations (such as anchors,
limit stops, valves, etc.) to check your input or to display node numbers selectively for one or
more items (anchors, hangers, etc.) in the Graphics window. To show node numbers, select
or deselect the required items and click on OK or Apply (to see the effect immediately while
keeping the dialog open). Click on All or None button to select all or deselect all the items
with one click.

Redraw (Ctrl+D

Use this command to redraw the entire graphics image. This will refresh the window with the
existing image. This feature is useful when you are working with a two-monitor system.

Render (Ctrl+R)

Use this command to generate a realistic 3-D image of the model. Once you have a rendered
image, you can use the Zoom All, Zoom in, Zoom out, Turn and other graphics commands
on it. You can use the Show and the Show Nodes commands too to show specific items
and/or node numbers. This image can be printed to a (color) printer.

Materials, Sections and Loads are shown graphically using Color Codes in rendered graphics.
Press the “Color Graphics” icon available in Materials, Sections and Loads List windows to
execute the command.
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FI- Caepipe : Graphics H=]
File Miew Options  Window Help

=3 @ @ § Qi

> . =
a‘J/
‘/I\‘ /"’ ¥

£ = ?’/,«’
Kl | v

FI= Caepipe : Pipe Sections {11}
File Edit Wiew Options Misc ‘Window Help

Q mm

-y

Marme [MNom | Sch 0D Thk arAl | 8. Tal | Ins.Dens | Ing. Thik =
Dia (mrm) | (mm) [(mm) (%) | (kg/m3) | (mm)
1 E B" 40 TEB.27 (7112 125 [136.16 an
2 |10 1a" 40 27305 (9.271 13616 an =
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rI* Caepipe : Graphics H=]E3
File ‘iew Options ‘window Help

RAKXO

£l H oz

Hide Current Element (F6

With the graphics cursor flashing on the element of interest, press F6 (or select this
command) to hide it from view (in rendered mode).

Show All (F9)

Press I'9 (or select this command) to display all elements in the Graphics window including
those that were hidden using the “Hide Current Element” command.

Make Transparent (F7

Press F7 (or select this command) to make an element transparent so you can see what is
behind it; useful in congested models.

All Transparent (F10

Press F10 (or select this command) to make all elements transparent. F11 will make them

opaque.
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All Opague (F11

This is the opposite of the previous command in that it makes all transparent elements
opaque. F10 will make all elements transparent.

Show/Hide Selected Elements (F12

This command works on showing or hiding a group of elements defined in a range. See
tigure for the different choices.

Freeze View (F8

This key is a toggle. Pressing I8 freezes or unfreezes the display so you do not lose your
point of view while modeling.

You may still perform the Zoom, Pan, Rotate, etc., with the frozen view. Also, the option
“Freeze View” disables the dynamic updating of view (i.e., view remains unchanged) when
you scroll in the Layout window.

Show/Hide Dots and Numbers (F3

Use the hotkey (F3) to remove the Dots and Node numbers from the Graphics window
simultaneously. Pressing '3 (toggle) again will bring them back.
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Options Menu

This menu contains commands to change the axes symbol location, color of graphics
background, OpenGL rendering quality and the graphics font.

Options  Window Help

Axes L3
Background 3
Rendering Quality »
Font...

Recover Graphics

The axes symbol can be displayed in any one of the four corners of the Graphics window or
not at all.

Options  Window Help

Background * @ Top Right

Rendering Quality » Top Left
Font... Bottom Left
Recover Graphics Bottom Right

The default background color for the Graphics windows is black. You can change it to white
if you like. Changing so will also use less printer ink when you print a graphics image.

Opkions  'Window  Help
Axes g I

Background

Rendering Quality  » Whike
Font... I
Recover Graphics

Rendering Qualit

This feature allows you to set the quality of the rendered image. It is best to set this to High
unless your computer renders images noticeably slowly.

Opkions  'Window  Help

Axes 3
Background 3

Rendering Quality  » Low
Font. .. Mediurm
Recover Graphics # High

You can select any available font for graphics display here. Note: Font for printing graphics
is selected in the Print Graphics dialog as explained on p. 100.
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Graphics Font [ x| |

Faont: Fant zhyle: Sizer
Impact IHegular 12 | Qg I
e tlow Bolid B Regular [« | g - = |
Harringdton Ghligue 10
High T owrar Taxt —1 |Bald ]
[T |sevoniere [0
Imprint MT Shadow « | o hs =l

—Sample

AabBhVyli
Script;

The text in the image below is shown in Impact font.

5 ¥

A
\ |
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Recover Graphics

If CAEPIPE terminates abnormally, the graphics image may get garbled. You can recover
the graphics image, however, using one of two methods:

a) Open the model, enter the data to complete the inputs and save. Re-open the
model to recover the graphics, OR

b) Open the model, enter the data to complete the inputs and save. Select the
command "Recover graphics" through Graphics Window > Options.

Cipkions

Lxes 3
Backaround k
Rendering Quality  »
Font...

Recover Graphics
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File Menu

=E* Caepipe : B31_3 [Z2010] Code complhance [Sorted
File Results Wiew Options Window Help

Mew. ., ZErl4 s —
CIpen. .. ZErlH-C = <}: I::} |
Recert Models » Expansion
Open Results. .. | Nods [SpEsi] [Sp'ﬁ'si] %
Close
5| 4934|9898 | 22500 | 0.4

Print... CErP | 24ze (9105 | 22500 | 0040
Esport,.. | 4938|2213 | 22500 | 0.2
f;?;tlmk R4EE | 8422 | 22500 (0.3,

41173 | 7897 [ 22500 [ 0.3
Exit Al+F4 Bl 2428 | 7840 | 22500 (0.3

The File menu here is similar to the File menu in the Layout window. You can open or close
any CAEPIPE model, material, spectrum library or CAEPIPE results file from here.

Print (Ctrl+P

This is a comprehensive command that lets you print all model input and computed results.
This dialog has five tabs and six buttons.

On this tab, check those input data items that you would like to print.

Print Rezults |

tadel ILl:ua-:I cases | Results | Mise | Printer |

¥ Q.&Block W Lapout ¥ Materials
¥ Optionz ¥ Details ¥ Sections
¥ Coordinates v Loads

¥ Spectums

¥ Force spectums

¥ Time functions

1 Mone |

Print | Cancel | F'regiewl ToFile |
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|Load cases |

On this tab, check the different load cases for which you want to print results.

Print Results EE |

Model Load cases | Hesultsl hizc I F'rinterl

v 3 W Cold spring [w+F1+T1
¥ E=pansio ¥ Cold spring [w+P2+T2
[¥ Expanzion [TZ2] ¥ Cold spring [fw+P3+T3
¥ Expansion (T3] ¥ Settlement

¥ Expanzion [T1-T2] ¥ Hydrotest

¥ Expanzion [T1-T3 v Seizmic [q)

¥ Expansion [T2-T3] ¥ wind

¥ Operating (#+P1+T71] ¥ Fiesponse spectium

¥ Operating [w+F2+T2] ¥ Time history
¥ Operating f#+P3+73] v Hamonic rezponze
¥ Cold spring [w'+P

Frirt I Eanu:ell F'regiewl TDEiIel All | MHaone |

On this tab, check the different results items that you want to print.

" Model I Load cazes  Results |I'Ll1isu: I P'rinterl

<

¥ Sorted steszes ¥ Element forces [locall
¥ Code compliance ¥ Element forces [global]
¥ Eranch conn stesses W FRP Stesses

¥ Hanger report ¥ Sored FRF Streszes

¥ Flange repart ¥ Dizplacements

¥ Rt equipment report [ Flex joint dizplacements
¥ Soil restraintz ¥ Frequencies
¥ Support load summary W Mode shapes
V¥ Support loads V¥ Accelerations

Prirt | Cann:ell F'reviewl To Filel Al I M one |
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On this tab, select the items of interest that you want to print.

Print Results EE |

Model I Load casesl Fiesultz Misc | F'rinterl

v Eill of materials

¥ Table of contents

Frirt I Eanu:ell F'regiewl TDEiIel All | MHaone |

On this tab, you can customize your printer settings such as selecting a different printer,
setting different margins, and the print font. By selecting a custom Adobe Acrobat-
compatible printer (if available on your system), you can generate an Adobe PDF (Portable
Document Format) file that contains the whole model input and output.

Print Rezults |

‘Model | Load cases | Results | Misc  Printer |

T ext Printer

Prirter setup | HP Officejet Pro L7700 Series

Fage zetup Orientation : Portrait

EEEET
Page et |

Anial, 10 point

Brrirt | Eancell F'regiewl Tl:uEilel All | Hone |
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Print Dialog Buttons

Print

After selecting the items you want to print, click on Print button to send output to the
printer selected under the Printer tab.

You can click on Cancel to exit the dialog without printing.

Before printing, you can preview how the printed output will appear by clicking on Preview.
If necessary, you can adjust the printer settings (under the Printer tab) to change the print
font and margins, and preview again.
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Caepipe : Print Preview,. Page 4 [

File Wiew Options Help

Frirt Fres Page | Mest F'agel Cloze |

Caeplpe Zample problem
Fipe Seclons (2
o [Sch s Dens [ Tk [Lin.Dens
0la drech bz findw  |CbATIE
T o [sszs 15 =
E = ] 15 =
Pipe Loads o

T1 |F1 [Spechic add gl |Wnard
(sl jgradly  FlbAn Lol

EEZIEE

B31.3 (20100 C oele compliance o ki s Ressen
Zan ned Expansin
TLCH E N
ipaly |ipsh iprlh |ipsh [ZA
253 [ 17900 BT
17500
17500

17500
17900
175000
17500 17572
17900 =3 12273
102+

0.0
D05 | 19933 | 275
005 | 15238 |27
006 [ 10224 [ 2475
006 | 553
(e SIEES
0.1 =]
0217572
DAZ 12275
0.4 |27 1665

Harger Reporl

ET] Horz [Hol [o ok
Tipe rak el Jicasl o

AbArdy Areds [by  FIbD
30 Girrell 260 D05 | 1287 |1 443

werslon 821 Sample
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If you want to send all of your selected items (input and results) click on the To File button.

Print Besults EH

todel |L|:|a|:| cases | Results | Misc | Printer |

v 0.4Block [ Lapout ¥ tdaterials
v Optiohs v Details ¥ Sections
¥ Coordinates [ Load:

Print | Ear‘u:ell F"reviewl To File[\!“ Al I Mone |

You can export the data to a .txt file or to a .csv file.

=1 Print to File |
Savein | || 631LM x| = ®B e E-
Marne =~ |v| [ake |v| Twpe
J Material_Library 2/14/2013 2:53 PM File f
J valve_Library 211412013 2:58 PM File f

4| | i
File narme: Sample Frirt I

Save as bype: |Comma Separated Values file [F.csv) j Cancel |
T et file [ bt _ |

Cornma Separated Values file [F
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Here's an example of what the .csv file looks like with the exported data.

A44 - Q k| i
A B C D E -

16 |Report Mumber
17
13 Madel Name: complexl
19
20 Title: Sample problem
21
22 |Qptions E31.1 {2010} Code Compliance (Sorted Stresses)
23
24 Piping code =B31.1 {2010} Sustained
25 Do notuse liberal allowable stresses 5L
20 |Do notinclude axial force in stress calculations Mode {psi) SL/SH MNode
27 |Reference temperature =70 (F)
28 ‘Mumber of thermal cycles = 7000 70 35335 302 204
29 |Mumber of thermal loads =3 150 26356 225 30
30 Solve thermal case 1000 193870 17 50
31 |Use temperature dependent modulus 20 137592 1&1 35
32 |Include hanger stiffness 125 18006 1.54 20B
33 |Include Bourdon effect 124 12006 154 10
34 |Use pressure correction for bends 133 17422 149 55
35 |Pressure stress =FPD [/ 4t 127 14616 125 7o
30 |Peak pressure factor =1.00 126 14616 1.25 404
37 | Cut off frequency =999 Hz 1010 13046 11z a0
38 [Mumber of modes =& 55 12030 103 40B
39 Include missing mass corredction Al 11139 0,85 150
A0 |Do not use friction in dynamic analysis 120 10562 0.9 1000
41 |Vertical direction = 30 10506 0.a 25
42 122 10331 088 133
M4 F k| complexi < %1 (NI i |
Reeady | £/ [ = 0. +

LS

To select all items, click on the All button.

To deselect all items, click on the None button.
Input

This useful command allows you to go to the model Layout window quickly without having
to go through a model File > Open... command.

This command shows you the QA information you input in the Layout window. As the
shown information is not editable here, to make changes to it, you need to go back to the
Layout window and use the same command under the File menu. After you make edits, you
need to save the model and reanalyze.
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Quality Azsurance Block |

Client |CAEPIPE User

Praoject IHigh Energy Steam Line

File nurmber I

Repart I

Prepared by IED'H-"

Checked by [WSK

ak. I Cancel |
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Results Menu

Fesults

Resulks, .. Ckrl+R

Mexk Result Tah
Previous Result Shift+Tab

You can open the list of all results computed by selecting Results command (Ctrl+R). Press
Tab or Shift+Tab to move forward or backward through the different results items, each of
which will be shown in the same Results window.

This menu may change with the displayed results item. For example, the menu shows like in
the above figure for Sorted Stresses, Code Compliance and Hanger Report.

For Support Load summary, the menu shows similar to the following figure. The first set of
commands is for showing the support load summary for other supports, one at a time. The
second set of commands is as before.

=I* Caepipe : Support load summary for anchor at nod

File | Resulks Wiew Options  Window  Help
% | Other supports,., F& D’ | <}:, ':D

Mext suppork Right Arrow

Loat Previous support  Left Arrow (] < [t

Szt Results,., Chrl+R ) 73

Ope Mext Result Tab e 172

gust  Previous Result  Shift+Tab h 173
Support load summary [E3 |

Mode | Type

10 |.-'1‘-.n-:h|:-r

a0 Anchor

an Anchor

a0 Hanger

ak I Cancel

For Support Loads, the menu changes to show related commands for the new results item.
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El= Caepipe : Load: on Anchors: Sustained [(W+P] - |

File | Resulks Wiew Options  Window Help

- -

b [ft-1b]

173
107
17

% | Other supports,..  Fa
Mext suppork Chrl+Right Arrows

Bl previous support  Cerl+Left Arrow
E

2— . Load Cases..

3— Mext load case Right Arrow

|~ ' Previous load case  Left Arrow

| Results, .. Ckrl+R.

| Mext Result Tah

— Previous Resul: Shift+Tab

The first set of commands is for showing the support loads for other supports (hangers, limit
stops, etc.), one at a time (you can also click on the white right or left arrow).

Other Supports

Cancel |

=]

The second set of commands (Load cases, etc.) is for changing the load case for the
displayed support. For example, the title bar of the figure shows Loads on Anchors:
Sustained. You can change the load case to Expansion load case for this support by selecting
the Next load case command (you can also click on the black right or left arrow). The last set
of commands is as before, moving through different Results screens.

For FElement forces, the menu changes to show related commands.

=N Caepipe : Pipe forces in local coordinates: Sustained (VW +P)

Filz | Results Wiew Options ‘Window Help

% | Cther forces. .. F&
Mexk Farce Ckrl+Right Arraw
# Previous Force Chrl+Left Arrow
Global Forces F7
1 Load Cases. .,
Mext load case Right Arrow
2 Previous load case Left Arrow
Resulks, .. Ckrl+R.
3 Mexk Result Tah
Previous Result Shift+Tab

Eea R
orgue | Inplanel
-l bornent
e -1115
e -97

HER -3h

<[ -74

2R 171

2R <1784

The first set of commands is for showing other forces (at other elements such as expansion
joints and valves), one at a time (you can also click on the white right or left arrow).
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Other Forces |

" Pipes
% Other

ak. I Cancel |

The second set of commands (Load cases, etc.) is for changing the load case for the
displayed support. For example, if the title bar of the figure showed Sustained load case, then
by selecting the Next Load case command, you can display forces for the Expansion load
case (you can also click on the black right or left arrow). The last set of commands is as
before, moving through different Results screens.

For Displacements, the menu changes to show related commands as follows:

=I* Caepipe : Displacements: Sustained (W+P] - [5a
File | Resulks Wiew Options  Window Help

H

% | Cther displacements... F&
Mext displacerment Chrl+Right Arrow
i Previous displacement  Chrl+Left Arrow
I [deaq]

1 |- Load Cases... ionn
2_ . Mext load case Right Arrow 15
3— Previous load case Left Arrow 004
4_ © Results... Ckrl+R, oo
(5 |, Mext Result Tab mE
E_ . Previous Result Shift+Tab M7

The first set of commands is for showing other displacements (such as minimum and
maximum displacements and at other supports) you can also click on the white right or left
arrow.

Other Digplacements |

i al
" Min / Max
% Hangers

] 4 I Cancel |

The second set of commands (Load cases, etc.) is for changing the load case for the
displayed displacements. For example, if the title bar of the figure showed Sustained load
case, then you can show displacements for the Expansion load case by selecting the Next
Load case command. (You can also click on the black right or left arrow). The last set of
commands is as before.

For Mode Shapes, the menu changes to show two commands specific to the new results.
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=I* Caepipe : Mode 1: 14.26 Hz - [Sample_res [C:

File | Resulks Wiew Options  Window Help
| Mext mode Right &rrow = | - |

Previous mode  Lefk Srrow
| +4 [dea) | [de

Results. .. Chrl+R 0.0000 | 0.0000

Next. Result Ta!:u 00224 01242
Previous Result Shift+Tab R P

J|I\J|—l + m

They are to move forward or backward through the available mode shape details. The last set
of commands is as before.

So, depending on the displayed results item, the Results menu (Ctrl+R) will show different
menus with at least one common set of commands for moving forward or backward through
the different results.
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View Menu
=E: Caepipe : B31.3 [2010] Code compliance [Sorted streszez] - [Sample.res [C:h_. =] B3
File Results | Wiew Options Window Help
% Color code stresses
| . Show Stresses il D
" 5L Show Stress Ratios
SL SE
Threshalds. .. =
Mod E&,
ode | lps Hide Allowables
1 |80 |25 R (1.79
2 |60 |22 fraphics Fz 5171
[3 |70 |27 Viewpaint... 5 75| 1.61
4_ n T Previous Yiew Fa e (114
=1 |1 4‘ Zoom Al e
5 {408 [f0F  List... Chri+l  f5 |02
?_ 0B | 9| Find Mode. .. Ckrl4-F A
& |ons |g3;  Center of Garavity... e | 0.En
(5 |50 [924 |17900|0.05|70  |12275 | 29475 0.4z
100 408 (902 | 17900 | 0.05) 408 | 10284 | 29475 (035

This menu contains commands mostly for graphics operations. The List and Find Node
commands function like they do in Layout window > View menu. Center of Gravity
command is covered later in this section. As with the Results menu, this menu too changes
its offerings depending on the results item being viewed.

The first menu shown here is available from the Sorted Stresses results. The first set of
commands helps you view stresses graphically in the Graphics window.

Color code stresses g No color coding

Displays or removes the color coded stress (or stress ratio) contour in the Graphics window.
To display a color coded contout, place the yellow highlight on the type of stress you want to
see graphically, for example, on Expansion stress. Then, select Color code stresses. Next,
click on Show stresses or stress ratios button on the toolbar. The Graphics window will
show the color coded contour plot, also available for jacketed piping.
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52765
. = Ai‘

42145

1524 Q
s 7

20904

10284

(N

When you select No color coding, numeric values for stresses or stress ratios are shown see
next image).
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10284

e 166
0.500

|
e

Thresholds

Use this command to display stresses (or stress ratios) over a specified stress or stress ratio
value.

Hide Allowables

Selecting this command will remove the Allowables columns from the Results display. For
some codes that have too many columns, this command helps by lessening the number of
columns displayed.

All commands (except Hide Ratios and Center of Gravity) function like they do under the
Layout window > View menu.

Under the Code Compliance results display, the View menu shows only one command to
Hide (stress) ratios (such as SL/SH, SE/SA). The tremaining commands are the same as
before.
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ki- Caepipe : B31.3 (2012) Code Compliance - [Bigmodelr... E=]
File FResults | Wiew Opfions Window Help

Hide Ratios
R - =
Graphics F2
F Viewpaoint... F4 n=ion Dzcazional [~
¥ |Maode |¢  Previous View E5 SE |5L+50
[ Zoom Al cri+a  J |54 | [ps]
1 (1 1 ] a00 | 0.03 ] 508
2 g List.. Col+ Eoo |00t 249
2 SR TG Cl+F  Eon|0.03| 464
2B £ Center of Gravity... n00 | 0.02) 512
3 [2B 120 |136 (15000 001|195 | 22500007274
3 a04 | 594 (15000 0.04] 443 | 22500)0.02) 554
4 (3 120 | 594 (15000 0.04] 443 |22500)0.02) 654
4 a04 | 565 (15000 |0.04)188 |22800)0.071)599 -
1] | |

For the Pipe element (or Other element) forces display, the following View menu is shown.

i Caepipe : Pipe forces in local coordinates: Sustaine . [El[n] B3

File Results | Wiew Opkions ‘Window Help

§| Graphics Fz g ﬁ*|<3:":€>
Viewpoink, .. F4
# |Made | previous Yiew F5 nplane(ft-lb] Dutplaneil
[ Zaom Al s foment | SIF | bMoment
1 |1 - 92 1124
24 List. .. i+l 14 492
o o Find Mode. .. CErl+HF o 204 (114
2B Cenker of Graviky.., 32 2.94 | 255
3 |2B - Show LZS PER h32
3 -Teq [ Bad a3 1] ~2B13 -238
4 |3 1847 |77 14 0 -2613 -238
4 1847 | 7B 14 0 -2430 94
1| | iy

The only item new here is a command to Show LCS (Local Coordinate system)/Hide LCS in
the Graphics window for each element. As you keep scrolling through the different elements
in the results display, the corresponding element in the Graphics window will show a small
coordinate symbol that depicts the element’s LCS. The remaining commands are the same as
before.
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Local coordinate system
(LCS) atbend node 20A

L
~
-4

For Displacements results display, two commands to show and animate the deflected shape
are shown. The remaining commands are the same as before.

i- Caepipe : Displacements: Sustained [w+... [l[=] E3
File Results | Wjew Options Window Help
% | Show deflecked shape [
Show animated deflected shape
# | Magnification.,..
Node |* chow deformed state coordinates
1 1
5 | E.raphu:.st z
iewpaint. ..
E %8 Previous Yiew F3
4 |3 Zoom all Chrl+A
5[4
E |5 List. .. Chrl+L
= |5 Find Mode. .. Chrl+F
Center af Graviky. .,
= [ —— - - S
a [u] nAai7E |I'|I'II'II'I |I'|I'II'II'I |I'|I'II'IE| |I'|I'II'I:ILI
1| ] v s
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Deflected shape — Operating load case (W+P1+T1) Y
)

1L ‘/L‘
U
Z X

For Frequencies and Mode Shapes results display, two commands to show and animate the
mode shape are shown. The remaining commands are the same as before.

mE: Caepipe : Mode 1: 14.26 Hz - [Sample.... =] E3
File PResults | Yiew Options ‘Window Help

% | Show Mode Shape =

_ Showe animated mode shape

B [Node X0 magrification. .. 1]
1 |10 (00 _ 0.
SRETET, G.raphu:_s Fz a
3— 08 oo Viewpoink, .. F4 0
L : Previous Yiew F5 :
(4 130 1005 zo0m al Chel+ 0
5 | 404 (00 ) 0.
6 |ae oo e EE":*; )
— +

7 |50 [op O UTRE ' 0.
= Center of Gravity, .,

a len |nn -
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Mode 1: 14.47 Hz Y
\\' . Z A‘X

N, =20
"\
!
’J" j‘

30
-4[}2 \\”\\ 'BU
‘i T 70

:
0.500 “@0

.

Center of Gravity

This command displays the center of gravity and total weight of the piping system as
modeled. This information can be useful when you are comparing the weight of this model
with total weight obtained from another source.

Weight & Center of Gravity |

Empty weight = 1601.2 [b]
Inzulation weight = 2678 [Ib]
Content weight = 550,32 [Ib)

Lining weight = 0 [Ib]
Tatal weight = 24193 [Ib)
Center of Gravity for Tokal weight

#=99313, ¥ =-04B653, Z=54705 [ft'n"]

The Total weight is the sum of empty, insulation, content and lining weights.
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Anchor

An Anchor is a support that restrains the movement at a node in the three translational and
the three rotational directions (each direction is a degree of freedom). In a physical piping
system, this node may be on an anchor block or a foundation, or a location where the piping
system ties into a wall or a large piece of equipment like a pump.

Data Types |

Anichor " Hahger i~ Snhubber
" Branch 5IF ¢ Hamonic Load " Spider
" Conc. Mass " JacketEnd Cap " Threaded Jaint
™ Congtant Support © Limit Stop = Time Waming Load
" Flange " Nozzle " User Hanger
" Foice £~ Restraint " User 5IF
i Force Sp. Load € Bod Hanger i~ weld
" Guide ™ Skewed Festraint © Generic 5upport
ITI Cancel |

An Anchor is input by typing “A” in the Data column or selecting Anchor from the Data
Types dialog. A rigid anchor is entered (i.e., an anchor with rigid stiffnesses in all six
directions) by default. To change the default settings, edit the anchor by double-clicking on
the anchor or pressing Ctrl+D in the row that has the anchor. An Anchor dialog is shown
next.

Anchor at node 10 |

Tranzlational ztiffreszs [Ibfinch] — Ratational stiffness [in-II:u"u:Ieg]—|
ki kX kZ ki k5 k2

[Rigd  |Rigid  |Rigid |Rigid  |Rigid  [Rigid ‘

Feleases forhangerselection [ = T vy T 2 [T == T vy [T 2=
Ok I Cancel | Qisplacementsl [ Rigid [T &nchaorin LCS

Uncheck the “Rigid” checkbox to make the anchor non-rigid (i.e., a flexible anchor), and
enter numerical values for stiffnesses for the six degrees of freedom. An anchor can be
oriented along its local coordinate system (LCS) by checking “Anchor in LCS”, which will be
useful if you have to input anchor movements in LCS.

Stiffness

[T
T

The stiffness for a direction may be rigid (specified by typing the letter in the stiffness
tield), or some value or be left blank. If it is left blank, there is no stiffness in that direction,
L.e., the pipe is free to move in that direction. Internally, the rigid stiffness value is set to
1x10" (Ib./inch) for translational stiffness and 1x10"* (in.-lb./radian) for rotational stiffness.

Releases for Hanger Selection

These selections apply only during the automatic selection of a hanger by CAEPIPE. They
do not influence the anchor stiffness in the released direction (if you checked any of the
Release checkboxes). An Anchor by default acts in the six directions. You may release any
combination of directions during (the automatic) hanger design. This feature is useful when
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hangers are used around equipment, where you want the hangers to take most of the weight
load and thus reduce the load acting on the nearby equipment. CAEPIPE, during hot load
calculation (preliminary sustained load case) in hanger design, releases the anchors (if you
selected any of the Release checkboxes) so that the loads are taken by the hangers rather than
by the anchors (which are modeling the equipment).

After the hot load calculation, CAEPIPE restores the original values to the released anchors
before continuing analysis. Release anchors when they are (typically) within four (4) pipe
diameters away from the hangers.

You may release any combination of translations or rotations. Typically, either the vertical
translation or all translations and rotations are released. To release the Anchor in a particular
direction, uncheck the corresponding checkbox.

[ Displacements |

The Specified Displacements for Anchor dialog is shown.

specified Displacements for Anchor at node 50 |
Load # [inchl % [inch] £ [inch] == [deg] Y% [deg] ££ [deqg]
T1 |05

T2 01 01 0.1

T3

T4

|
|
|
|
5|
|
|
|
|

TE
T?

T8
T3
T0 |

Selzmic IEI,E

S ettlement | 025 I I

| K I Cancel I " Displacements in LCS

Three types of translations and/or rotations at an anchor in the global X, Y and Z directions
may be specified:

1. Thermal (10 displacements can be specified, one each for thermal loads T1 through
T10). Applied only to the Expansion and Operating load cases.

2. Seismic (available for B31.1, ASME Section III Class 2, RCC-M and EN 13480 codes
only). Solved as a separate internal load case and added absolutely to static seismic and
response spectrum load cases.

3. Settlement (available under ASME Section III Class 2, RCC-M and EN 13480 codes
only). Applied to a separate load case called Settlement.
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You may specify a displacement only if you a/so specify a corresponding non-zero or rigid
stiffness in that direction, i.e., the corresponding stiffness should not be left blank.

Check “Displacements in LCS” if you want to enter anchor movements in the local
coordinate system. These local movements are transformed into the global coordinate system
and displayed in results.

Settlement

For certain piping codes (ASME Section III Class 2, RCC-M and EN13480), an anchor
settlement, which is a single non-repeated anchor movement (e.g., due to settlement of
foundation), may be specified. This is applied to the Settlement load case. For those codes
that do not have a provision for settlement (like B31.1), specify the anchor settlement as a
thermal displacement (which tends to be a conservative approach).

Example 1: Flexible Anchor

Nodes on most large equipment are modeled as rigid anchors. If you need to specify a non-
rigid (i.e., flexible) anchor (for example at a nozzle to include vessel flexibility), you can input
those stiffnesses by editing the anchor.

Double click on the anchor to show the anchor dialog.

Anchor at node 10 |

Translational stiffress [Ibfinch] — Rotational stiffness [in-Iba’deg]—|
%24 K kZ [ kx k2

|Rigd  |Rigd  |Rigid |Rigd  |[Rigd  [Rigd ‘

Feleazes for hanger selection [ % [ v T Z [ = [ vy [ =
Ok, I Cancel | Qisplacementsl ¥ Rigid [ &ncharin LCS

By default the anchor has all stiffnesses rigid, no releases for hanger selection and no
specified displacements. The stiffness fields are grayed, i.e., non-editable and the Rigid
checkbox is checked. Click on the Rigid checkbox to uncheck it. The stiffness fields now

become editable.

Anchor at node 10 |

— Rotational stiffness [in-II:u.-"u:Ieg]—|

Tranzlational stiffnezs [lbAnch]

K Ky Kz K Ky Kzz
|Rigid  |Rigid |Rigid  |Rigid  [Rigid ‘

Fieleases for hanger selection [ % [ v T Z [ == [ vy [ =
Ok I Cancel | Qisplacementsl [ Bigid I Anchorin LCS

Type in the required stiffness values and press Enter or click on OK. The anchor definition
shown in the next figure is now modified to be a flexible anchor.
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Anchor at node 10 |

Tranzlational stiffnezs [lbAnch] — Rotational stiffness [in-II:u.-"u:Ieg]—|
24 Ky K< (e E5 k2

[Rigd |0 [1.200E+5 | |Rigd  [50000 |Rigid ‘

Fieleases for hanger selection [ % [ v T Z [ == [ vy [ =
Ok I Cancel | Qisplacementsl [ Bigid I Anchorin LCS

Example 2: Rigid Vertical Support with Foundation Settlement

Assume that you need to model a vertical support on a foundation that has settled using
ASME Section III Class 2 (1980) code for code compliance.

Vertical settlement (=Y) = 6 inches.

First, set the piping code to ASME Section III, which has a provision for Settlement load
case, using the menu Options > Analysis > Code in the Layout window.

€ o

Next, create a rigid vertical support at the required node. Press “a” in the Data field to input
a default anchor.

Next, edit the anchor so that it acts as a vertical support only, by modifying the stiffnesses
similar to Example 1 so that only a Rigid stiffness KY in the Y direction remains.

Anchor at node 10 |

Translational stiffrezs [Iblinch] — Rotational stiffness [in-Iba’deg]—|
ko kX kZ [ Ky ke
—T I — —

Feleazes for hanger selection [~ % [ v [ 2 [T == [ vy [ 2=
s I Cancel | Qisplacementsl [ Bigid ™ &nchorin LCS

Now the anchor is modified to act as a Vertical 2-way rigid support. Click on the
Displacements button and type in —6 (inch) for Settlement under Y. You could also input
thermal and seismic displacements if required.

Specified Dizplacements for Anchor at node 10 E |
Load # [inchl % [inch] £ [inch] == [deg] Y% [deg] ££ [deqg]

LA | | | | |
S eizmic I I I I I I

Setlement I I-E I I I I

(] 4 I Cancel | [T Displacements in LCS

The anchor is now modified to be a rigid vertical support with a specified settlement
displacement.
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Check the box “Anchor in LCS” if you want to orient the anchor along a skewed line using
its local coordinate system (LCS), which also aids you in specifying Displacements in LCS.
Notice the naming convention changes (Kxx changes to kxx, X changes to x, and so on).

Example 3: Anchor Release during Hanger Design

y777//4

ﬂ “#4— To-be-designed Spring hanger

B!

Turbine
@

Node on turbine
modeled as rigid anchor
which is released

CAEPIPE lets you model equipment nozzles as anchors. Assume that you had one on a
turbine, as shown above, and that you have placed a hanger nearby. The main purpose of
this hanger would be to take most of the load coming on the nearby turbine nozzle. To let
CAEPIPE do that, you will have to release all directions of the Anchor so that the hanger
will be designed to take most of the load.

First, enter an anchor for the node and then double click on it to edit it.

Anchor at node 10 HE

Translational ztiffreszs [Ibfinch] — Raotational stiffness [in-II:u"u:Ieg]—|
ki kX kZ ko K ks

|Rigid |Rigid |Rigid |Rigid | Rigid |Rigid ‘

Fieleazes for hanger selection W = W v W 2 W == W vy v 2=
Cancel | Displacementsl I¥ Rigid [ &ncharin LE%

Click on the checkboxes for Releases for hanger selection in the required directions (X, Y, Z,
XX, YY, ZZ). The anchor will be released in the specified directions during hanger design.

CAEPIPE restores the anchor to its original state (of no releases) after the preliminary hot
load calculation during hanger design. See Hanger Design Procedure on p. 273.
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A ball joint is a zero-length pipe element that allows rotations about the three orthogonal
global axes (similar to a universal coupling joint in the rear axle of a motor vehicle) while still
allowing the fluid to flow through it. If you do not want rotation in the torsional or (the
two) bending directions, input “Rigid” for the respective stiffnesses. Since the ball joint is a
zero-length element, the “From” and “To” nodes are coincident. Hence, you should leave
the DX, DY and DZ fields in the Layout window blank (CAEPIPE will not let you enter a

value).

A ball joint is input by typing “Ba” or “Ball” in the Type column or selecting Ball joint from
the Element Types dialog.

Element Types E |
" From " Slip joint £ Cut pipe

" Fipe " Hinge Joint " Beam

" Bend in " Tie rod

" Miterbend ¢ Rigid element ¢ Location

i~ Walve " Elastic element © Comment

" Reducer " Jacketed pipe " Hydrotest load
" Bellows " Jacketed bend

] I Cancel

The Ball joint dialog is shown.

Ball joint from 80 to 90 |
Bending T orzional
R aotational stiffnesz I I [in-lb/deq]
Riotation limit | | [deq]
Friction torque I I [ft-b]

Wzight I Ik
ak. I Cancel |

The rotational stiffnesses, rotation limits and the friction torques are specified independently
in the bending and torsional directions. The torsional direction (local x) is determined by the
preceding element’s local x. If a preceding element is unavailable, the following element is
used to determine the torsional direction. The bending directions (local y and z) are
orthogonal to the torsional direction (local x). Bending friction is determined by a resultant
of torques in local y and z directions. Similarly, bending rotation is determined by a resultant
of rotations in local y and z directions.

The stiftness, rotation limit and friction torque values are available from the manufacturer of
the ball joint or from their test results. Otherwise, you must use engineering judgment.

The stiffness values may be left blank, in which case CAEPIPE uses a very small value (1 in.-
1b./deg) internally to avoid dividing by zero during internal computation.
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A rotation limit of zero (0.0) means that the ball joint cannot rotate (i.e., it is rigid) in that
direction. A rotation limit of “None” or Blank means that rotation is not limited to a finite
value.

Torque

Applied Torque | /

Friction Torque
Stiffness (Slope)

(Applied Torque - Friction Torque)
Stiffness

Rotation =

When the applied torque is less than the friction torque, there is no rotation. When the
applied torque exceeds the friction torque, rotation is calculated as shown above. When
rotation limit is reached, there is no further rotation irrespective of the applied torque.

When the option “Use friction in dynamic analysis” is selected, for modal analysis,
CAEPIPE uses three different stiffnesses for a ball joint depending on the magnitude of the
applied moment/torque in comparison to the user-specified friction torque. They are as
follows:

Case 1: When the applied moment at the ball joint (for the first operating load case when a
piping code is selected or for the static case when “Piping code=None” is selected) is
less than the friction torque, the friction is not overcome and the ball joint stiffness
is internally set to a large number (in effect, infinity).

Case 2: When the applied moment is more than the friction torque, the friction is overcome
and the ball joint starts rotating (with the user-specified rotational stiffness being
applied). This rotational deformation takes place until the user-specified rotational
limit is reached.

So, from the time friction is overcome to the time when the rotational limit is
reached, CAEPIPE internally sets an “equivalent stiffness” for the ball joint as given
below.

If K, is the user-specified stiffness for the ball joint,
Rotation = (applied moment — friction torque)/ K, ......... 1

The “equivalent stiffness” chosen by CAEPIPE is the slope of the straight line from
origin to the point (rotation, applied moment) in the figure given above. In other
words,

K,. = (applied moment/rotation) ........ 2)

Combining (1) and (2), you get

Kbe = (applied moment) x K, / (applied moment — friction torque) ....... ©)
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Case 3: When the actual rotation reaches the user-specified rotational limit for the first
operating load case/static case, the ball joint stiffness is again set to "infinity.”

CAEPIPE uses “equivalent stiffness” for ball joints as described under Case 2 above, when
the friction torque is exceeded and the computed rotation is yet to reach the specified
rotational limit, as Jong as the option “Use friction in dynamic analysis” is selected. When this
option is NOT selected, CAEPIPE ignores the nonlinearities of the ball joint (namely,
friction torque and rotational limit) and uses only the user-specified stiffnesses. That is why,
despite very small moments, large rotations may be computed (i.e., a check against user-
specified rotational limit is not performed).

See the topic Expansion Joints for examples.
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You can model elaborate structural systems inside CAEPIPE alongside the piping to be
supported. In simple situations, if the structure is stiffer than the piping is, you may not need
to model the structure at all but simply treat it as rigid (for example: input Rigid for Stiffness
in Limit stop when simulating a stiff beam using a Limit stop). But, in cases where you need
to account for structural flexibility, use the Beam element to model structural support
systems alongside piping systems.

The material, section and load for a beam are different from those for a pipe. Just as you
would define a material/section/load for a pipe, so too should you define a separate
material/section/load for a beam. Look for Beam Material, Beam Section, and Beam Load
(under Misc menu).

Upon analysis, CAEPIPE reports forces and moments for beam elements.

A beam is input by typing “bea” in the Type column or by selecting “Beam” from the
Element type dialog.

Element Types K |
{” From £ Slip joint £ Cut pipe

" PFipe " Hinge Joint " Beam

" Bend " Ball joint " Tie od

" Miterbend ¢ Bigid element Location

i~ Walve ™ Elastic element © Comment

" Reducer " Jacketed pipe ¢ Hydrotest [oad
i~ Bellows i Jacketed bend

k. I Cancel
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The Beam dialog is shown.

Beam from 30 to 60 Ed |
Beta |90 [deq]
End Releasez at  End Releazes at
— Fram End —ToEnd———
[ Awial [ Awial

[ ajor Bending| [ Major Eending
™ Minor Bending | [~ Minor Bending
[~ Torzion [~ Torsion

[ Major Shear [ Major Shear
[~ Minor Shear ™ Minor Shear

Local & Local % Local £

1.000 | 0000 |0.000
([XD 1.000 {0,000
([XD ([XD [1.000

k. I Cancel |

Beta angle

Beta angle is used to define the orientation of a beam’s local axes. See Beam orientation later
in this section.

Beam End Releases

Each end of the beam (From and To ends) can be released to simulate the type of structural
support you want to model. That is, you can use a combination of releases to specify whether
a beam end is fixed, pinned, etc.

Beam material

Before you input a beam element, you must define a beam material, section and load. Select
Beam materials from the Miscellaneous (Misc) menu in the Layout or List window.
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Misc ‘Window Help

Coordinates Ckrl+Shift+C
Element types.,.  Ckrl+Shifk+T
Data bvpes. .. Ckrl+5hifE+D
Check Bends

Check Connections

Materials Ckrl4-Shift+r
Sections Ckrl+Shift+5
Loads Ckrl+Shife+L

Beam Materials

Eearn Sections
Beam Loads

Purps
Compressars
Turbines

Spectrumns
Force speckrums
Time functions

Soils

A beam material list window is shown. Double click on an empty row to input a new beam
material.

1= Caepipe : Beam materials {1) - [BigMeod.. =] E3

File Edit Wew Options Misc Window Help

Ill R ==

Mame |Description E Hu | Denzity | Alpha
[pi] [Ib£in3] | [indindF)
1 |BM1ZY |Beam Matenial [ 30.0E+6 (0.3 [ 0280 | Ge+00E
2 |l

A dialog for inputting beam material is shown.
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Beam material # 1 |

bd aterial name IBM1EY

Drezcription IEeam b atenial 124

E |30.0E+E [psi]

Nu [03
Density [0.280 (Ib/in3]

&lpha |Ge+00E [indindF]

] I Cancel |

The material name can be up to three alpha-numeric characters to identify the beam material.
A more complete description can be entered under Description. Enter modulus of elasticity,
Poisson’s ratio (Nu), density of the material and mean coefficient of thermal expansion
between T. . and T1/T2/T3 in beam load.

ref

Beam section

Select Beam Sections from the Misc(ellaneous) menu in the Layout or List window.

Misc ‘indow Help

Coordinates Ckrl+Shift+C
Elerment bypes.,.  Ckrl+Shifk+T
Drata bypes... Ckrl+Shift+D
Check Bends

Check Connections

Materials Ckrl4-Shift+r
Sections Ckrl+Shift+5
Loads Ckrl+Shife+L

Beam Materials

Eeam Sections

Beam Loads

Purps
COmpressars
Turbines

Spectrumns
Farce spectrums
Tirne Functions
Soils

A list of beam sections is shown. Double click on an empty row to input a new beam
section.
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- Caepipe : Beam Sections (1) - [BigModelmod (C:\CAEPIPE\710-... =] E3

File Edit View Options Misc Window Help

.-. AISC @ «»

Auwial | Moment of inertia | Torzsional | Shear area

# |Mame Diezcrption [ area |Major | Minor | inertia b ajor | Minor | Depth | Width
[inZ] | [ind) [ind) [ind] [in2] [in2] |[linch] | finch)

1 | BM1ZY W Bw28 825|938 .7 0.54
2 |l

A dialog to input beam sections is shown.

Beam Section i 2 |
Section name I—
Description I

Aial area I— [in2]

M ajor moment of inertia I— [ind]
kinar maoment of inertia I— [ind]
Tarzional inertia I— [ind]

b ajor shear area I— [inZ]
tdinor shear area I— [in]
Depth [ finchl
widh [ (inch]

ITI Cancel | Library |

You can either input the data yourself or click on the Library button for a listing of different
AISC I-beams, channels, tees, etc., that are built into CAEPIPE. Be sure to verify the
properties that are shown in the fields after you select a section from the library.

The name can be up to three alpha-numeric characters to identify the beam section. A more
complete description can be entered in the Description field.

The axial area, major and minor moments of inertia must be input. Input of torsional inertia
is optional. If it is not input, it defaults to the sum of major and minor moments of inertia.
Input of shear areas is optional. If it is not input, shear deflection is not included. Input of
depth and width are optional. Presently, they are used only for rendered plots of the beam.

Dialogs for selecting a beam section from the AISC library are shown below:

146



Beam

AISC Sections |
| Beamsz Channels  Tees Tubesz
(it i W L
= M L [ T Pipes
5 Angles 5T i P
" HF L

L
0k, I Cancel |

The type of the beam section (e.g., I beam, W (Wide Flange)) is selected from this dialog.

Another dialog which shows various available sections for the particular beam section type is
then shown.

W [Wide Flange] B

w44

b
C oW aD [w124305
Cw3s |w 124273
W 124252
::Egg W 124230
W 124210
CW2T |wiz4190
C w24 |w12zK170
W 124152
::Ef; W 12X136
W 124120
CWIB [w 124106
C w14 w1246
~ ............ .\, W12<E?
r‘:m% W 12479
W 1272
COWE w1245
CowE w124
e Iwizes =

ok I Cancel |

After selecting the section, click on OK and the section properties will be entered in the
Beam section dialog.
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Beam Section # 2 |

Section name |Bh 2T

I—
Drescription I"-a'-.-" 122336

Axial area IF [in]

kdajor maorment of inertia IW [ind]
bdinor moment of inertia IW [ind]
Toarziohal inertia |243— [ind]

tdajar zhear area I— [in2]
Minor shear area I— [inZ]
Depth [16.82  (inch]
width [12385  finch]

k. I Cancel | Library |

Beam load

Select Beam Loads from the Misc menu in the Layout or List window.

Misc ‘Window Help
Coordinates Ckrl+Shift+C
Element types,..  Ckrl4+5hifk+T
Data bvpes. .. Ckrl+3hift+D
Check Bends
Check Connections
Materials Ckrl+Shift 41
Seckions Ckrl+5hift+5
Loads Ckrl+Shift+L
Bearm Materials
Eeam Sections

Beam Loads

A list of beam loads is shown.
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kI- Caepipe : Beam loads (1) - [complexl.mod (C:\CAEPIPE\71... [H[=] E3
File Edit WView Options Misc Window Help

=

# |Mame |T1 | T2 T2 | T4 (TE [TE [TF (T2 [T (T10[&ddi gt |*Wind
L L A N o L L gy Load

1 |EL1Z | 100 (100|100 12 il

Double click on an empty row to input a new beam load through the beam load dialog or
start typing into the fields.

Beam load # 2 Ed |
Load name IBLZZr’

Temperature 1 Im— [F]
Temperature 2 I— [F1
T emperature 3 I— [F]
Temperature 4 I— [FI
Temperature 5 I— [F1
Temperature & I— [F1
T emperature 7 I— [F]
Temperature 5 I— [F]
Temperature 3 I— [F]
Temperature 10 I— [F1

Add. weight [50 (k]

¥ ‘wind load

k. I Cancel |

The Load name can be up to five alpha-numeric characters to identify the beam load. You
can enter up to 10 temperatures depending on the preset number of thermal loads. The
additional weight is a uniform weight per unit length added to the weight of the beam. This
could for example be used to add snow load to the beam. Wind load may or may not be
applied to the beam element by using the check box for Wind load in the dialog or typing
“Y”” or “N” for Wind load in the List window.
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Beam orientation

The Beam orientation is determined by the locations of the “From™ and “To” nodes and the
beta angle of the beam element. The local x-axis of the beam is always from the “From”
node to the “T'o” node. The reference orientation corresponds to beta = 0.0.

A nonzero beta angle (measured from the reference position) rotates the local y- and z-axes
of the beam about the local x-axis of the beam in the counter clockwise direction.

The local coordinate system for beams can be displayed for each beam element through the
List window (Ctrl+L, select Beams, menu View > Show LCS [for Local Coordinate System]).

Global vertical axisis Y
Beam is not Vertical

Global local
Y y

z X \x

The local y-axis of the beam lies in the local x - global Y plane (i.e., vertical plane) and is
in the same positive direction as the global Y axis. The local z-axis is the cross product of
the local x and y-axes. Major bending plane is local x-y, that is, Izz = Major moment of
inertia and Iyy = Minor moment of inertia.

Beam is Vertical

Yy local

p
Global

Y

[ e

The local z-axis of the beam is in the global Z direction. The local y-axis is in the global —
X direction. Major bending plane is x-y, i.e., Izz = Major moment of inertia and Iyy =
Minor moment of inertia.
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Global vertical axis is Z

Beam is not Vertical

Global local
i z
Y
L—-V
X | "ax

The local z-axis of the beam lies in the local x - global Z plane (i.e., vertical plane) and is
in the same positive direction as the global Z-axis. The local y-axis is the cross product of

the local z and x-axes. Major bending plane is x-z, that is, Iyy = Major moment of inertia
and Izz = Minor moment of inertia.

z local y

Global
z

N

The local y-axis of the beam is in the global Y direction. The local z-axis is in the global —

X direction. Major bending plane is x-z, i.e., Iyy = Major moment of inertia and Izz =
Minor moment of inertia.
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Example 1: Pipe Rack using Beams

Here, you see how to use a beam element to construct a pipe rack and connect the beam to
the pipe so that CAEPIPE can account for the rack’s flexibility. The procedure is simple.
First, you need to create a beam material, section and load in addition to pipe material,
section and load.

As the Layout window shows, model the piping (nodes 10 to 40) and the first beam support
(nodes 100 to 140). Then, create the second beam support (nodes 150 to 190) using the
Generate command (under Edit menu in the Layout window). Finally, connect piping at
nodes 20 and 30 to beam nodes 120 and 170 using limit stops.

# |Node [Type  |Dxgttin" [ DY itin) | DZ (#tin') [ Matl | Sect|Load | Data

1 | Title = Fipe rack (using beam elements)

2 | Samplle model iII.ustrating st.ructure—pipé interaction.

3_ MNote Iihit stops u:'c:nnectthe.beams at 1.20,#1 0 to ﬁipes ét EDIS'IZI

4 |10 Fram Anchor
5 |20 B0 1 1

FED i 1

7 |40 i 1

'8 |100 |From B'0" -B'0" 3" Anchar
'3 110 |Beam 5.3043 Bhd1 | BT | BMT

110 | Lirvit stop here restrains only downmward movement.

111]120 | Beam -3 Bhd1 | BM1 | BT | Lirnit stop
12130 |Beam il Bhdl | BM1 | BhAT

113|140 |Beam -5.3048 Bhil | BM1 | BM1 | Anchar
114|150 |From 12 -B'0" 3" Anchar
115|160  |Beam 5.3045 Bhd1 | BT | BRAT

118 | Lirrit stops here and at row 20 simulate a lU-bolt at node 30 (0.125"gap)

117|170 |Beam -3 Bhdl | BM1 | BMT | Limnit stop
118]180 |Beam -3 Bhil | BM1 | BM1

119|190 |Beam -5.3045 Bhd1 | BT | BM1 | Anchar
20170 |Location Lirnit stop
21 ]
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The “Generate” dialog is shown below:

Genersioows |
Original et : From # IE To ﬁ|13

Generate |1 additional sets

Increaze node numbers by IEEI

Increase % by IE [fEin"]
Increasze ¥ by I [fEin"]
Increasze Z by I [fEin"]

[T Do ot check for duplicate node numbers

ak. I Cancel |

The “Limit Stop” dialog is shown below:

Limit stop at node 120 |
Upper limit [inchi
Lowerimit [2.000 finch)
Direction
¥ comp Y zomp &£ comp

| | |
Friction cosfficient I

Stiffnezs |Rigid [lbinch]
Connected to IEEI
Aial | Shear | Shear z |

k. I Cancel | Wertical |

The graphics is shown below:
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¥

Beam and pipe are
————————— connected using
limit stops 2 %

Example 2: Base Supported Bend using a Beam

See Example 7 in the Bend section for modeling a base supported bend using a beam on
page 170.
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Bellows expansion joints are flexible elements included in high temperature piping systems to
absorb primarily thermal movement. A Bellows contains one or more convolutions designed
to withstand the internal pressure while still flexible enough to absorb the axial, lateral and
bending deflections. Before use, you should note the critical pressure at which the bellows
becomes unstable. The B31.1 piping code suggests that expansion joints may be employed
only “when piping bends, loops, and offsets are not able to provide adequate flexibility.”
(Para. 11.5, 2010).

Usually manufacturers of these expansion joints publish product catalogs that contain
technical information about the joints you could use in your systems. The EJMA (Expansion
Joint Manufacturers Association) also publishes a standards catalog with guidelines that
“assist users, designers, and others in the selection and application of expansion joints for
safe and reliable piping and vessel installation.”

A Bellows joint is input by typing “bel” in the Type column or selecting “Bellows” from the
Element Types dialog.

Element Types E |
” From " Slip joint £ Cut pipe
i” Pipe " Hinge Joint " Beam
" Bend " Ball joint " Tie rod
™ Miterbend © Rigid element 1 Location
= Walve " Elastic element © Comment
" Reducer " Jacketed pipe ¢ Hydrotest [oad
™ Jacketed bend
Ok Cancel

The Bellows dialog is shown.

Bellows from 40 to 50 |
doial stifness [ (Ibdinch]
Berdingstifness | (inb/deg]
Torzional stiffness I— [in-lb/deq)
Lateral stifness [ (Ibinch
Freszure thrust area I— [inZ]
weight [ (1)
ITI Cancel |

Expansion joints are mainly modeled using the above shown four types of stiffnesses — axial,
bending, torsional and lateral. The required stiffness values, pressure thrust area and weight
should be taken from the manufacturer’s catalog.
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For a rigid stiffness (for example, torsional), enter “r” for Rigid; if highly flexible, enter 1
(Ib./in.) as a minimum, to avoid dividing by zero during internal computation.

Axial deflection

L1 1

COMPRESSED FREE EXTENDED

Lateral deflection Angular deflection

gy

Urﬂ\ mn o
v\

Axial: Refers to axial extension (as in cryogenic systems) or compress (as in high-
temperature systems) axially along its centerline while in operation.

Bending (angular): Refers to the bellows bending about its center point on the centerline.
Bending can be in any plane that passes through the centerline.

Lateral: Refers to the direction perpendicular to the centerline of the bellows. The two ends
of the bellows remain parallel to each other while their centerlines are displaced causing an
offset. This direction is also called transverse or parallel offset direction.

Torsional: Usually very stiff, refers to a twisting moment at one bellows end while the other
end either relatively is stationary or twists in the other direction, about the bellows centerline.

The pressure thrust area will impose a thrust load of: (pressure X thrust area), on both nodes
of the bellows. Even if the bellows is tied, it is recommended that the pressure thrust area be
input. The weight is the empty weight. CAEPIPE adds the weight of the contents, insulation
and additional weight to the empty weight.

Pipe guides are needed adjacent to the bellows because of its inherent flexibility and the
compressive loading on the adjacent pipes due to the pressure thrust of the joint. Moreover,
proper guiding is necessary to direct thermal movement into the joint and prevent buckling
of the line. Depending on the bellows behavior, you should place the first guide no farther
than four pipe diameters from the joint. Place additional ones appropriately after studying
the nearby deflections and loads.

Also, consider vessel and anchor movements, which may cause a misalignment at the joint.

See the topic on Expansion Joints for examples.
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In CAEPIPE, the term Bend refers to all elbows and bends (custom-bent pipes). An elbow
comes prefabricated with a standard bend radius (short or long radius) whereas a bend is
custom- made from bending a straight pipe with a specified bend radius. Geometrically, a
bend is a curved pipe segment which turns at an angle (typically 90° or 45°) from the
direction of the run of the pipe. Some of the items associated with a bend are shown below.

20A (Near end)

t+— Bend thickness

«— Pipe thickness
20B (Far end)

N T

-

30

Node 20 is the Bend node, also referred to as the Tangent Intersection Point (TIP). As you
can see from the figure, it is not physically located on the bend. Its only purpose is to define
the bend. CAEPIPE automatically generates the end nodes of the curved portion of the
bend (nodes 20A and 20B, called the near and far ends of the bend. The bend end nodes
(20A and 20B in the figure) may be used to specify data items such as flanges, hangers,
forces, etc.

A bend is input by typing “b” in the Type column or selecting “Bend” from the Element
Types dialog.

Element Types K |
{” From £ Slip joint £ Cut pipe

" Pipe " Hinge Joint " Beam

(+ Bend " Balljgirt " Tie rod

" Miterbend ¢ Bigid element Location

i~ Walve ™ Elastic element © Comment

" Reducer " Jacketed pipe ¢ Hydrotest [oad
i~ Bellows i Jacketed bend

k. I Cancel
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If you need to modify an existing bend, double click on it or press Ctrl+T (Edit type) to
bring up the Bend dialog,.

Bend at node 40 |

Bend Radius
" Long

C Shot [18 finch]
= User
Bend Thickness | finch]
Bend b aterial m
Flesbility Facter [
SIFz: |In Plane I— Out Plane I_

|ntermediate Modes

Mode I at Angle I [deq]
MHode I at Angle I [deq]

] I Eanu:ell

Bend Radius

The radius of a bend (measured along the centerline of the bend) can be specified as Long,
Short, or User (defined) by one of the radio buttons for Bend Radius. CAEPIPE has long
and short radii built-in for standard ANSI, JIS, DIN and ISO pipe sizes. For nonstandard
pipe sizes, Long radius is equal to 1.5 times the pipe OD and Short radius equal to the pipe
OD.

Bend Thickness

Input the wall thickness of the bend if different from the preceding pipe’s thickness. If
specified, the Bend Thickness applies only to the curved portion of the bend (node 20A to
node 20B in the figure above).

Bend Material

If the material of the bend is different from that of the adjoining pipe, select the Bend
Material from the drop down combo box. The Bend Material, if specified, applies only to the
curved portion of the bend (node 20A to node 20B in the figure above).

Flexibility Factor

This factor is automatically calculated for standard elbows according to the piping code
chosen. If you have your own Flexibility Factor, enter it here instead of the piping code
specified Flexibility Factor. A value of 2.0, for e.g., will mean that the bend is twice as flexible
as a pipe of the same length.
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SIFs

These factors are automatically calculated for standard elbows according to the piping code
chosen. If you have your own, specify them here (useful for FRP bends, for example), which
will be used instead of the piping code specified SIFs. If User SIFs are also specified at bend
nodes (A and/or B nodes), they will be used instead of the bend SIFs or code specified SIFs.

Intermediate Nodes

An intermediate node, located in between the ends of the bend, may be required in some
situations to specify data items such as flanges, hangers, forces, etc. You can create an
intermediate node by giving a (new) node number and an angle for it, which is measured
from the near end of the bend (node 20A in figure). Up to two such nodes may be input.
Note that the intermediate nodes 13 and 16 shown below are at angles of 30° and 60°
respectively from node 20A (near end). The intermediate nodes can be used for specifying
data items such as flanges, hangers, forces, etc.

20A (Near end)

Intermediate nodes

20B (Far end)

Bend Examples
Some examples follow. They illustrate some common modeling requirements.

Example 1: 90° Bend
Example 2: 45° Bend
Example 3: 180° Bend
Example 4: Flanged Bend
Example 5: Reducing Bend
Example 6: Bend Supported by a Hanger
Example 7: Base Supported Bend
To simplify the discussion of bend modeling, it is assumed that the material, section (8”

STD), load and the first node (10) are already defined. It is also assumed that the bend has
long radius (12”) and the cursor is placed in row #3.

Mode | Tupe | DX (ftin")| DY (ftin") | DZ (ftin") | Matl| Sect | Load | Dats
Title = Bend examplez

10_|From | | | ]

l'_n.'ll"\.'l|—‘:|:t




Bend

Example 1: 90° Bend

DX=20" ——— ™

\ 20 (Bend}

DA R ¥

10 x\\\\\
N

s

\

Y

\

)

=Ad

S8

i,_

» Press Tab in row #3. Node 20 will be automatically assigned and the cursor will
move to the Type column, type “B” (for Bend), Tab to DX, type 2. Enter material,
section, load and press Enter. The cursor moves to the next row (#4).

» Tab to the DY column. The next Node 30 is automatically assigned. In DY column,
type -2 and press Enter. This completes the bend input.

\l}

« 20 I—»X

+
= =]

30
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Example 2: 45° Bend
DX = 16" DX = 170" —w

20 (Bend)

» Press Tab in row #3. Node 20 will be automatically assigned and the cursor will
move to the Type column. type “B” (for Bend), Tab to DX, type 1’6”. Enter
material, section, load and press Enter. The cursor moves to the next row (#4).

» Tab to the DX column. The next Node 30 is automatically assigned. In the DX
column, type 1, Tab to DY and type -1, then press Enter. This completes the bend
input.

¥

o

i
P

« 20
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Example 3: 180° Bend

A 180° bend or U-bend, is often used in an expansion loop to relieve thermal stresses in the
piping system. It is modeled as two 90° bends back-to-back.

— #10 40?———

© ﬁ 5
T / :
Il

=
a / o

\
\k

\ P
;T\\_\\““aah J#;//,/ ,//;
20 (Bend) 1\\“‘-H‘_______,,,"”/’, 30 (Bend)

DX =20"

» Press Tab in row #3. Node 20 will be automatically assigned and the cursor will
move to the Type column. type “B” (for Bend), Tab to DY, type —1’6”. Enter
material, section, load and press Enter. The cursor moves to the next row (#4).

» Press Tab. Node 30 will be automatically assigned and the cursor will move to the
Type column. type “B” (for Bend), Tab to DX, type 2. (DX is 2’ because 8” std long
radius bend has 12” radius and since these two bends are back to back, DX = 2R).
Press Enter and the cursor moves to the next row (#5).

» Tab to the DY column. The next Node 40 is automatically assigned. In DY column,
type 1’67, then press Enter. This completes the bend input.

Y

40 I—bx

.30
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Example 4: Flanged Bend

Bends are often connected to the adjacent pipe sections with flanges. A flange may exist on
one or both sides of the bend. Flange weight may have a significant effect on the pipe
stresses. Also, the stress intensification and flexibility factors for a bend will decrease if one
or both of the ends are flanged.

g

+

20B

|
|
|
:
Model the bend as in Example 1. Then input flanges at nodes 20A and 20B. Since these are
internally generated nodes, i.e., they do not mommally appear in the Layout window, it is
necessary to specify input at these nodes using the Location type. To input the flange at node
20A, in row #5, type 20A for Node, Tab to Type column and type “L” for Location. This
opens the Data Types dialog.

Data Types |

i~ Anchar " Hahger i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

" Conc. Mass " JacketEnd Cap " Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
{* Flange £ Nozzle " User Hanger

™ Force " Restraint ™ Uszer SIF

" Force Sp. Load 7 Bod Hanger " wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel
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Select Flange as the data type and click on OK. This opens the Flange dialog.

Flange at node 204 HE
LN S ingle welded slip on
weight [ (i)
[3azket Diameter I— [irzh]
Blloveable Prezzure I— [psi]

AMS| Library | European Librar_l,ll

k. I Cancel |

Select the Type of the flange from the drop-down combo box, e.g., Single welded slip-on
flange. To get the weight of the flange, click on the Library button.

Flange Library |

Size = 8"

Fating "wieight [|b]

150 a4

300 152

400 202

B00 27

a00 444

1500 B2

2500 1384

Wieight iz of 2 flanges
] 4 I Cancel |

Select the pressure rating for the flange (e.g., 600) and press Enter. The weight of the flange
is automatically entered in the Flange dialog. Press Enter again to input the flange.

Repeat the same procedure for the flange at node 20B.

# |Mode|Tupe | (ftin") |DY (itin")| DZ (") | Matl | Sect | Load | Data
1 | Title = Flanged bend
2_ 10 From
(2 |20 |Berd |20v IR
FRED 27" IR
5_ 208 | Location Flange
E_ 20B | Location Flange

164



Bend

The graphics is shown below:

-4
D

30

The rendered graphics is shown below:
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Example 5: Reducing Bend

CAEPIPE does not have a reducing bend element. A reducing bend may be modeled using
an average OD (outside diameter) and average thickness of the large and small ends of the
bend. The bend radius of the reducing bend should input as user bend radius. The stress
Intensification Factor (SIF) of the reducing bend, if available, should be input as Bend SIF.

| |
! [« 8" pipe ! = 8" pipe
| |

Y

2 8.5625" OD
\ 0.2795" Thk

>

— DX=2 —————|

The 8” std pipe (OD = 8.625”, Thk = 0.322”) with Name = 8 is already defined.
Now define a 4” std pipe (OD = 4.5”, Thk = 0.237”) with Name = 4.

The average OD of the two sections is (8.625 + 4.5) / 2 = 6.5625” and the average
Thickness is (0.322 + 0.237) / 2 = 0.2795”.

Define a Non std section with Name = AVG, OD = 6.5625” and Thickness = 0.2795”.

The list of sections is shown below.

# |Mame [Nom Sch 0D Thk Cor.4| | M. Tal | Ins.Cens | Ins. Thk
Dia {inchy | {inchy | dnchy | (%) | (b/f3Y | nch)

1|8 s STD 8625 (0322

12 |AvG |Non Std 65625 |0.2795

3 4 |4 sTo |45 |0.237

» Note that the section specified on the Bend row in the Layout window applies to the
curved portion of the Bend (between the A and B nodes) as well as to the straight
portion from the preceding node to the A node. In this case, we want to assign the
section “AVG” only to the curved portion and assign the section “8” to the straight
portion. This can be done by defining an additional node that is coincident with the
A node thus making the straight portion of the bend zero length.

» In row #2, the first node (10) is already defined and the cursor is placed in row #3.
Type 15 for Node, Tab to DY, type -8”. Enter material (1), section (8), load (1) and
press Enter. The cursor moves to the next row (#4).

» Press Tab. Node 20 is automatically assigned and the cursor will move to the Type

column, type “B” (for Bend), Double click in the Type column to edit the Bend.
Click on the User Bend Radius button and type 16 for bend radius. Press Enter to
modify the Bend and return to the Layout window. Tab to DY, type -1’4”. Tab to the
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section column and type “AVG”. Then press Enter. The material and load are copied
from the previous row and the cursor moves to the next row(#5).

» Tab to the DX column. The next Node 30 is automatically assigned. In DX column,
type 2”. Tab to section column, type 4 and then press Enter. This completes the
reducing bend input.

The Layout window is shown below:

# |Mode |Type |D>< (ftin" |D‘r‘ £ft'iny |DZ (fi'n") |Matl |Sect | Load |Data
1 | Title = Reducing bend

2_ 10 From

13 |15 0" a5z e |1

l4 (20 |penrd -1 a53 |ave 1
EHES 20 asz |4 |1

The graphics is shown below:

s

l—»x

30
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Example 6: Bend Supported by a Hanger
Assume that the bend is supported in the middle by a hanger.

i
|
|
)

30

Model the bend as in Example 1. The hanger is input at node 15, which is in the middle of
the bend. Node 15 is created as an intermediate node on the bend as follows:

Double click on the bend (in the type column of the Layout window) to edit it. The bend
dialog is shown.

Bend at node 20 |

Bend Radiuz
* Long

Coshot [ finch
= User
Bend Thickness | [inch]
Bend Matenal m
Flestility Factor |
SIFz: InPlane I_ Cut Plane I_

|ntermediate MWodes

Mode |15 at Angle |45 [deq]
Mode I at &ngle I [deq]

(] I Eann::ell

Under intermediate nodes, type 15 for node and 45 for its angle, then click on OK. This
creates an intermediate node 15 at 45° from the node 20A (near end of the bend) as shown

in the figure above.
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Since node 15 does 7ot show in the Layout window, it is necessary to specify data input at
this node using the Location type. To input the hanger at this node, in row #5, type 15 for
Node, Tab to Type column and type “L” for Location. This opens the Data Types dialog.

Data Typesz |

™ Anchar . i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

™ Conc. Mass " JacketEnd Cap © Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
" Flange £ Nozzle " User Hanger

™ Force " Restraint ™ User 5IF

" Force Sp. Load € Rod Hanger = wield

" Guide " Skewed Restraint © Generic 5upport
ITI Cancel

Click on Hanger, the hanger dialog is shown.

Hanger at node 15 HE
Twpe -
Humber of I'I

Load Y ariation IEE [%]
[” Hangerbelow [~ Short Range

Connected tao I
(] I Cancel |

Click on OK to accept the default hanger and a hanger is entered at node 15.

# |Node|Typs  |DX(ftin") | DY (ttin") | DZ ftin") [ Metl | Sect | Load [ Data

1 |Title = Bend supported by a hanger
T 10 From
13 |20 |Bend |20v As3 |8 |1
14 |30 20" As3ls |1
's |15 Location Hanger
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Example 7: Base Supported Bend

Two examples of base supported bends are shown below. In the figure on the left, the
support is modeled using a rigid vertical restraint. In the figure on the right the support is
modeled using a beam element.

®30 ®30
| |
| |
| |

20B

Yertical restraint ——w-

Vertical Restraint Support

» Model the bend at node 20 as before.

» To put a vertical restraint at node 20B, type 20B for node and “L” for Location. This
will open the Data types dialog.
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Data Types |

" Anchar £ Hanger

" Branch SIF £ Harmonic Load
™ Conc. Mass " Jacket End Cap
™ Constant Support © Limit Stop

" Elange = Nozzle

™ Force

" Force Sp. Load Bod Hanger

i~ Guide

] I Cancel

™ Snubber

" Spider

™ Threaded Joint
£ Time Yarying Load
" User Hanger

™ Uszer SIF

™ wield

" Skewed Restraint © Generic Support

Double click on Restraint. This will open the Restraint dialog.

Restraint at node 208

[T % Resbaint

I z

o ]

R estraint

Cancel Wertical

]|

» Click on the Vertical button to check the Y or Z restraint (depending on the vertical

axis) and click on OK.

The Layout window is shown below:

| e ttin | D (iin'y | D ttin' | Mat | Sect | Load | Jata

—

ra

NDde|Type

Title = Base support using a verical restraint
10 Frorm

20 Bend 2"

30 2'n"

20B |Location

AB3 | B 1
Ab3 |8 1
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The graphics is shown below:

-+
[==]

30
X

Beam Support
» Model the bend at node 20 as before.

» Create 2 beam material, section and load as described in the Beam section eatlier in

the Reference.

» Inputa beam element from node 20B to node 100.

Type 20B in the Node column and “f” (for From) in the Type column to create a starting

point. Press Enter to move to the next row.

Type 100 in the Node column and “bea” (for Beam) in the Type column. In the DY
column, type the beam length with a negative sign (since the beam is going downward
from node 20B to node 100). Type the beam material, beam section and beam load names
in the Matl, Sect and LL.oad columns. In the Data column type “a” to input an Anchor.

The Layout window is shown below:

# |Node | Type [Dx(tin) | D in'y | DZ i) [Matl | Sect|Loac [ Data
1 | Title= Base supportusing a bearn

?_1ﬂ Frnm

13 |20 |Bend |20 A53 (8 |1

l4 |30 gn As3 (8 |1

5 {208 |From

'6 |100 |Beam 'gn EM1 |BS1 |BL1 | Anchar
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The graphics is shown below:
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Branch SIF

A tee is modeled using three pipes that come together at a node, which should be designated
as a “Tee” using the Branch SIF data type. If not, then CAEPIPE cannot calculate a code-
specified SIF for the tee to use in stress calculations.

A Stress Intensification Factor (SIF) type for a tee can be input by typing “br” in the Data
column or selecting “Branch SIF* from the Data types dialog.

Data Types |

= Anchor £ Hanger ™ Snubber

G ERGRSE O Hamoricload O Spider

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel

The Branch SIF dialog is shown.

Branch SIF at node 20

Tope (PSS

ak. I Cancel |

The type of the branch SIF can be selected from the Type drop-down combo box.
Depending on the piping code different types of branch SIFs may be available. Typical
branch SIF types (for B3.1 piping code) are shown below.

Branch 5IF at node 20

Type I'W'el-:ling tee j

Reinforced fabncated tee
Inreinforced fabricated tee
Yweldolet [Branch welded-on fitting]
Extruded welding tee

Sweepolet fwelded-in contour inzert]
Branch connection

A

A few branch SIFs may need additional input; for example, in the case of a reinforced
fabricated tee, a pad thickness is required.
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Branch SIF at node 20 |

Type I Reinforced fabricated tee j

Pad thicknesz I [inzh]
ak. I Cancel |

CAEPIPE differentiates between a header (run) and a branch line based on their ODs. So,
when CAEPIPE finds two lines with ODs of 8 inches and 6 inches, it designates the 8 inch
line as the header (or main) line with the 6 inch line designated as the branch line (this is also
how you would model a reducing tee).

When the header and the branch lines have the same ODs, reduce the branch OD slightly so
that the header and the branch lines are propetly designated (e.g., OD, 4. = 168.4 mm,
OD = 168.3 mm).

branch

Examples:

Say you want to model a reducing tee as shown in the provided “Sample.mod”. It’s an 8’x6”
reducing tee. First, we need to model the three pipes — two for the run (nodes 20 to 30 and
30 to 40), one for the branch (nodes 30 to 60), which will be assigned the 6” section. Each
pipe section can have its own OD/Thickness. Lastly, designate the common node as a (Butt)
Welding Tee.

=E= Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPEAGETLM]] =] E3
File Edit Wiew Options Loads Misc Window Help

NS & & ®

# |Node | Type | DX (itin")| DY (tin") | DZ [ftin") | Matl| Sect | Load | Data -]
1 | Title = Sample problem

[2 (10 |From Anchor

3_ 20 Bend | 90" AR3 (3 1

4_ a0 B0 ARI (8 1 Hanger

5_ an Bend B0 AR3 (8 1

E_ A0 B0 AR3 (8 1 Anchor

(7 |6 std pipe

E_ a0 Fram WWelding tee
BB g asals |

0] 70 |Valve |20 I |

175



Branch SIF

The Tee is as shown at node 30 in the graphics window below.

=i Caepipe : Graphics - [Sample.mod [C:ACAEPIPEAGE1LM]]

File Miew Options Window Help

S OE @@ @

A “latrolet” or a lateral tee (commonly, the branch is at a 45° angle from the header) or a Y-
joint is modeled like a regular tee (as above). But, the SIF for this joint needs to be input by
you after consultation with the tee/joint manufacturer. Use a “User-SIF” data type at the
common node to specify the SIF. See topic on Tees for more information.
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Soil in Buried piping analysis is modeled by using bilinear restraints with an initial stiffness
and an ultimate load. After the ultimate load is reached the displacement continues without
any further increase in load, i.e., the yield stiffness is zero. The initial stiffness is calculated by
dividing the ultimate load by the yield displacement which is assumed to be D/25 where D is
outside diameter of the pipe.

Soil modeling is based on Winkler’s soil model of infinite closely spaced elastic springs. Soil
stiffness is calculated for all three directions at each node. Pressure value in the load is
suitably modified to consider the effect of static overburden soil pressure. Model is analyzed
for operating (W+P1+T1) condition and the displacements in the three directions are noted.
A check is made for whether skin friction is mobilized and the soil has attained the yield
state. If true, then the spring is released in that direction indicating that soil no longer offers
resistance in that direction. This modified model is again analyzed and checked for yield
stage. The iterative process is continued till the percentage difference between displacements
at each node for two successive iterations is less than 1%. The final stiffness is the true
resistance offered by the soil to the pipe.

General Procedure to model buried piping

First define soils using the command Misc > Soils in the Layout or List window.

2. Next, tie these defined soils with pipe sections (Ctrl+Shft+S to list Sections, double click
on an empty row, you will see the field Soil in the bottom right corner. Pick the soil
name from the drop-down combo box).

3. Use this modified section for each element on the Layout window that is buried with this
soil around it.

CAEPIPE presently does not discretize long sections of buried piping. A future release is
anticipated to provide more comprehensive soil modeling. Discretization is required near
“regions of discontinuities.” These regions are changes in directions (bends, tees), or where
piping exits to open space, or piping enters the buried region. In these areas, you need to
subdivide long spans into smaller ones as much as possible. This will contribute to lowering
vertical deflections.

It is possible to specify different soil characteristics for different portions of the pipe model.
Here is how.

1. Define different soils using the command Misc > Soils.

2. 'Then, create as many pipe sections as the number of soils.

3. Associate each soil type with a section (to be used for the different portions).
4. Model piping using the different sections for different portions of the model.

Note: For vertical sections of pipe with varying buried depths, you can use only one soil tied
to one section and CAEPIPE will calculate appropriately
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Ground Level

Ground level for a soil is the height of the soil surface from the global origin (height could
be positive or negative). It is NOT a measure of the depth of the pipe’s centerline.

In the figure, the height of the soil surface is 3 feet from the global origin. Pipe node 10
[model origin| is defined at (0,-5,0). So, the pipe is buried 8 (3’ - [-5’]) deep into the soil.
Define similarly for the other soil.

The pipe centerline is calculated by CAEPIPE from the given data

=
=
=
]
i
=
=]

4 ft. depth

Two Soil types

Two types of soils can be defined - Cohesive and Cohesionless. Soil density and Ground
level are input for both cohesive and cohesionless soils. The Ground level is used to calculate
depth of the buried section. For cohesive soil, Strength is the un-drained cohesive strength
(Cs). For cohesionless soil, Delta (9) is angle of friction between soil and pipe, and Ks is
Coefficient of horizontal soil stress. See nomenclature below for more information.

Highlight buried sections of the model in graphics

If your model contains sections that are above ground and buried, then you can selectively
see only the buried sections of piping in CAEPIPE graphics by highlighting the section that
is tied to the soil. Use the Highlight feature under the Section List window and place
highlight on the buried piping section (see Highlight under List window>View menu, or
press Ctrl+H). The Graphics window should highlight only that portion of the model that is
using that specific section/soil.
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Nomenclature
D = Outside diameter of pipe

Ks = Coefficient of horizontal soil stress which depends on the relative density and state of
consolidation of soil. Ks is empirical in nature and may be estimated from Nq/50. Ks
can vary depending on the compaction of the soil from 0.25 (for loose soil) to 1.0
(really compacted soil).

Nq = Bearing capacity factor = 0_984146(0.1073114))
¢ =8+5°

8 = angle of friction between soil and pipe
Normal values for delta ranges between 25° — 45° (for sand).
Clean granular sand is 30° . With a mix of silt in it, the angle is 25°

Sp = soil pressure = soil density , depth

Cs

Undrained cohesive strength (input for cohesive soil), (Cs in kN/m2) - 1.0

Af = Adhesion factor = 1.7012775 00833699 Cs)

kp = Coefficient of passive earth pressure
=1 +sind) / (1 -sin )

bottom depth = depth + D/2
top depth =depth—D/2

Nr = (Nq - 1.0) tan (1.4 ¢)
dqg =dr=1.0+ 0.1 tan (n/4 + ¢/2) X depth / D, for d > 10°, otherwise dq = dr = 1.0
Calculation of Ultimate Loads

The ultimate loads (per unit length of pipe for axial and transverse directions and per unit
projected length of pipe for vertical direction) are calculated as shown below.

Different equations are used for cohesive (clayey) and cohesionless (sandy) soils.

Axial direction

Cohestve soil: Axial load = T X D X Af X Cs

Cohesionless soil: Axial load = tx D X Ks X Sp X tan

Transverse direction

Cohesive soil: Transverse load = D X (2 Cs + Sp + 1.5 Cs X depth / D)
Cohesionless soil: Transverse load = kp X kp X Sp X D

Vertically downward direction

Cohesive soil: Downward load = D X (5.7182 Cs + Soil density X bottom depth)
Cohesionless soil: Downward load = D X (Soil density X bottom depth X Nq X dq
+ 0.5 Soil density X D X Nr X dr)
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Vertically upward direction

Cohesive soil: Upward load = D X Soil density X top depth + 2 Cs X top depth
Cohesionless soil: Upward load = D X Soil density X top depth

Buried Piping Example

Ultimate Loads and Stiffnesses computed by CAEPIPE for this example are verified later in
this section.

Example data:

A 127 Std pipe 6’ long is buried, 3’ in cohesionless and 3’ in cohesive soils.
Soil properties are as follows:

Cohesionless (Name of soil: S1, associated with pipe section 12A):

Density = 120 1b / ft3

Delta (8) = 20°

Ks = 0.29 (calculated from Nq/50, where Nq = 14.394)
Ground level = 3’

Cohesive (Name of soil: S2, associated with pipe section 12B):

Density = 150 1b / ft3
Strength = 100 psi
Ground level = -1’

1. Define soils using the command Misc > Soils.

Misc ‘Window Help

Coordinates Ckel+Shifk+C
Element types..,  Ckrl+Shift+T
Data bvpes. ., Ckel+Shifk+D
Zheck Bends

Zheck Connections

Materials CkelH-Shift+r
Sections Ckel+Shift+5
Loads Ckel+Shift+L

Beam Materials
Beam Sections
Beam Loads

Purnps
COMpressors
Turbines

Speckrums
Force spectrums
Time funckions

| Sols
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A List window for soils will be displayed. Double click on an empty row to define a new soil.

For our example, define two soils - one cohesive and the other cohesionless with properties
as shown in the following dialogs.

Dialog for cohesionless soil:

Soil # 1 B
. I— " Cohesive
el | S f* Cohesionless

Density (120 [IbAfE3)

Strength I (i)
Delta IEEI [deq]

Kz |0.29

Ground level |3'EI" [fEin™]
0k, I Cancel |

Dialog for cohesive soil:
Soil # 2 |
gellizne ISE— fr.: Ez:zz:;iless

Diersity |'|5|:| [Ibn/FE3)

Strength IF [psil

Deta [ [deg)

Kz I—
Ground level I'I'U"— (ft'in"]

ak. I Cancel |

After you define the soils, you should see the two soils listed in the List window.

kI- Caepipe : Soils (2) - [complexl.meod {(C:\CAEPIP... [H[=] E3

File Edit Wiew Optons Misc Window Help

l.l - =)

H |Mame | Type Drenzity | Strength [ Delka | K | Ground Lesvel
[IbA3] | [pai] [deq) [Ft'in""]

1 |51 Cohezionless | 120 20 029130

2 |52 Cohesive 150 100 1o

3
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2. Define pipe sections and then associate the soils with these sections.

Define two pipe sections, both 12”/STD pipe sections (name them 12A and 12B), and select
the correct soil in the pipe section dialog box using the Soil drop-down combo box.

Soil S1 is associated with section 12A:

Section # 1 |

Section name I'IE‘.& @ AMSI O DIN CJIS €150

Mominal diarmeter I'IE" “"I S cheduls ISTD "I
Outzide diameter I'IE.?E [inch] Thicknesz IEI.S?E [inzh]

Corozion allowance I [inch] kil tolerance I [%]
Inzulation : Density I [lbfE3] Thicknesz I [inzh]
Lining : Density I [lbft3] Thicknesz I [inzh]

OF. I Cancel | 1nsulatiu:un| Soil Ivl

Soil S2 is associated with section 12B:

Section i 2 |
Section name I'IED o ANS) DN IS 150
Mominal diameter |'|2" 'I Scheduls ISTD VI
Outzide diameter [12.75 [inch] Thicknegz |0.375 [inzh]

Cormosion allowance I [inch] kill tolerance I [%]
Inzulation : Denzity I (b3 Thickness I [inch]
Lining : Density I [lbft3] Thicknesz I [inzh]

Ok I Cancel | 1nsulatiu:un| Sl |m:|'
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3. Define the layout from 10 to 20 to 30; the first pipe element from 10 to 20 uses section
12A (Cohesionless soil type S1), and the next pipe element 20 to 30 uses section 12B
(Cohesive soil type S2). Check Operating load case under Loads menu > Load cases for
analysis.

I- Caepipe : Lapout [4] - [p26.mod.mod MACDYV-VISION. .. [Hl=] E3

File Edit  Wiew

NEEHE BEE @&

Cptions  Loads Misc  Window  Help

# |Node | Type | D3¢ (itin")| D (ftin") | DZ (ftin") | Matl| Sect | Load | Data

1 | Title =%erification of Buned pipe restraint stiffness

2_ 10 Fram A0 Anchar
ERE! 20" 1 |12 |1

FRE: 20" 1 [128 |1

5

Save the model and analyze. Choose yes to view the results. From the Results dialog, pick
Soil Restraints. The different loads and stiffnesses will be shown. The numbers found here
below are the ones that are verified later in this section.

=I* Caepipe : Soil Restraints - [p26.mod.res
File Results Wiew Options  Window Help
S EBEE a@a® i=eE
Susial Transverse Wertical Down Yertical p
B |From|To |Stifness |Max Load | Stiffness | Max Load | Stiffness | Max Load | Stiffness | Max Load
[IbAinch) [ [Ib) [IbAinch) [ [Ib) [IbAinch] | (1) [IbAinch] [ [Ik)
1 (10 |20 (19836 (10147 J6425 (18577 209038 (106640 [BBO1.6 | 28568
2 (20 |30 (1B33a |[TE2a 31385 (352913 |518886 | 264632 |530893 | 301359

Example Verification

Verification of cohesionless restraints (for pipe element 10 to 20)

Sp = soil pressure = soil density X depth

depth = 3’ - (-5°) = 8’ (since the pipe centerline is at -5’ and ground level is at 3).
Sp=1201b/ft3 X 8 ft = 960 1b / ft2 = 6.6667 1b/in2

Axial direction

Axial load = X D X Ks X Sp X tan 0

= 1 X12.75%X0.29X6.6667%tan (20)

= 28.1861 Ib/in
=1014.7 Ib (for 36”, length of pipe) (CAEPIPE: 1014.7)

Assuming yield displacement = D /25,
Axial stiffness = 25 %X 1014.7 / 12.75 = 1989.6 (Ib /in) (CAEPIPE: 1989.6)
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Buried Piping

Transverse direction
¢ = 0+ 5°=20° + 5° = 25°
kp = Coefficient of passive earth pressure

=(+sind) / (1 -sin ¢)
= 2.4639

Transverse load = kp X kp X Sp X D

= 2.4639 % 2.4639 X 6.6667 X 12.75
=516.0239 Ib /in

= 18576.88 Ib (for 36”) (CAEPIPE: 18577)

Transverse stiffness = 25 X 18576.88 / 12.75
=364251b / in (CAEPIPE: 36425)

Vertically downward direction

bottom depth = 96” + 12.75”/2 = 102.375”

0107311 9)_ 4 4 30366

Nq = Bearing capacity factor = 0.98414 ¢
Nr = (Ng - 1.0) X tan (1.4 ¢) = 9.37834

since 6> 10°
dq = dr = 1.0+ 0.1 X tan(n/4 + ¢/2) X depth / D = 2.18188

Downward load = D X (Soil density X bottom depth X Nq X dq + 0.5 X Soil density X D X
Nr X dr)

= 12.75 X ((120/1728) x 102.375” X 14.39366 X 2.18188 + 0.5 X (120/1728) x 12.75”
X9.37834X2.18188)

=12.75 X 2323305 1b / in

=106639.7 Ib (for 36”) (CAEPIPE: 106640 Ib)

Downward stiffness = 25 X 106639.7 / 12.75

= 209097 Ib/in (CAEPIPE: 209098)

Vertically Upward Direction

top depth = 96” — 12.75”/2 = 89.625”

Upward load = D X Soil density X top depth

=12.75” X (120/1728) %X 89.625

=79.355471b / in

= 2856.7968 Ib (for 36”) (CAEPIPE: 2856.8)

Upward stiffness = 25 X 2856.7968 / 12.75 = 5601.56 1b/in (CAEPIPE: 5601.6)

Verification of cohesive restraints (for pipe element 20 to 30)

Sp = soil pressure = soil density X depth

depth = 1" — (=5’) = 4’ (since the pipe centerline is at -5’ and ground level is at 3’).
Sp=1501b/ft3 X 4 ft = 600 Ib / ft2 = 4.16667 Ib/in2
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Buried Piping

Axial direction
Soil strength = Cs = 100 psi = 100 X 6.89476 KN/M2 = 689.476 KN/M2

Af = Adhesion factor = 17012775 el 783699 €9
= 5.424795E-3

Axial load = X D X Af X Cs

=X 12.757X5.424795E-3X100 psi
=21.729821b / in

= 782.25 1b (for 36”) (CAEPIPE: 782.3)

Axial stiffness = 25 x 782.25 / 12.75 = 1533.82 1b /in (CAEPIPE: 1533.8 Ib/in)
Transverse direction

Transverse load = D X (2 Cs + Sp + 1.5 Cs X depth / D)

=12.75” X (2.0x100 + 4.166667 + 1.5X100%x48/12.75)

=9803.125 Ib/in

=352912.5 Ib for 36” (CAEPIPE: 352913)

Transverse stiffness = 25 X 352912.5 / 12.75
=091985.3 Ib /in (CAEPIPE: 691985)

Vertically Downward direction
bottom depth = 48” + 12.75”/2 = 54.375”

Downward load = D X (5.7182 Cs + Soil density X bottom depth)
=12.75” X (5.7182%X100 + (150/1728) X 54.375”)

= 7350.8857 Ib/in

= 264631.88 Ib for 36” (CAEPIPE: 264632)

Downward stiffness = 25 X 264631.88 / 12.75
= 518886 1b / in (CAEPIPE: 5188806)
Vertically Upward Direction

top depth = 48” — 12.75”/2 = 41.625”

Upward load = D X Soil density X top depth + 2 Cs X top depth
=12.75” X ((150/1728) X 41.625” + 2x100%41.625”)

= 8371.069 Ib / in

= 301358.49 Ib for 36” (CAEPIPE: 301359)

Upward stiffness = 25 X 301358.49 / 12.75
= 590899 Ib / in (CAEPIPE: 590899)

References

1. Tomlinson, M. J., Pile Design and Construction Practice. Fourth Edition. London: E &
FN Spon, 1994.

2. Fleming, W.G.K,, et al. Piling Engineering. Second Edition. Blackie Academic and
Professional. (Chapters 4 and 5).
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Cold Spring (Cut Pipe)

Cold spring (cut short or cut long) is used to reduce thermal forces on equipment connected
to the piping system. When lengths of pipes are cut short or extended by design, they are
pulled together or pushed apart to join them during installation, giving rise to a “cold-
sprung” system.

Such an installation process (cold condition) obviously introduces stresses, which are relieved
when the system starts up (hot condition). Note however, that the piping codes do not allow
credit for stresses since the displacement range is unaffected (similar to self-springing. See
B31.1 para. 119.2 for details). But, allowance is made for the support loads due to cold
spring (which can be helpful at the equipment).

This feature should be used only with a proper understanding of the implications.

Cold spring for a straight pipe is input by typing “c” in the Type column or selecting “Cut
pipe® from the Element Types dialog.

Element Types E E |

” From " Slip joint & iut pipe
" Fipe " Hinge Joint " Beam
{" Bend " Ball joint " Tie rod
i~ Miterbend © Rigid element 7 Location
i~ Walve " Elastic glement © Comment

" Reducer " Jacketed pipe " Hydrotest [oad
i~ Bellows i~ Jacketed bend

Ok, I Eancell

The Cut pipe dialog is shown.

Cut pipe from 30 to 40 |

I [inzh]

Cancel |

Select “Cut short” or “Cut long” using the radio buttons. The amount of cut (short or long)
should be positive.

Since the piping codes do not allow credit for cold spring in stress calculations, a cold spring
is used in additional sustained and operating load cases (designated “Cold Spring (W+P),
Cold Spring (W+P1+T1)” etc.) which are not used in stress calculations but are used for
support loads and rotating equipment reports.

Cold Spring load cases appear in the Loads menu (under Load cases) after a cold spring (Cut
pipe element) is input into the model. The Load cases menu is shown next:
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Cold Spring (Cut Pipe)

Load cases [4] |
[ Sustained [w/+P) [ Operating [wW+F2+T 2]
[~ Expansion [T1] [T Operating [wW+F3+T 3]
[~ E=pansion [T2) ¥ Cold spring [w+P
™ Expansion (T3] ¥ Cald spring [w+P1+T1)

[~ Expanzion [T1-T2] W Cold spring [w+F2+T2)
[~ Expanzion [T1-T3 ¥ Cold spring [w/+P3+T3)
[ Expansion [T2- T3] [T Modal analysis

™ Operating [w+F1+T1]

ok | cancel | a1 | More |

For analysis, select the desired Cold Spring load cases from those shown. The Hanger
selection procedure does not consider the cold spring since the selection is based on the first
Operating (W+P1+7T1) load case. However, if Cold Spring is used, the hanger loads for the
Cold spring load cases [for example, Cold Spring (W+P1+T1)] will include the effect of the
Cold spring.
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Comment

Most piping models and projects undergo many changes over their lifeycycle including the
engineers who work on them. CAEPIPE allows you to document each and every change
within the model file so that anyone in the future can benefit from your notes, changes and
their reasons, design decisions, and comments on the piping system modeled in the file. Use
the Comment feature to write as many notes and comments as required anywhere in the
CAEPIPE Layout window. They are saved with the model, and can be printed along with
the layout data.

Two ways for putting in a comment are:

1. Simply press “c” first (in the Node column) on an empty row, or
2. On an empty row, select “Comment” from the Element Types dialog (Ctrl+Shft+T).

Use menu Edit > Insert (Ctrl+Ins) to insert an empty row between two existing rows of
data.

Element Types E E |

i~ From ™ Slip joint " Cut pipe
" Fipe " Hinge Joint " Beam
{" Bend " Ball joint " Tie rod
i Miterbend © Rigid element 1 Location
i~ Walve " Elastic glement 1+ } i

" Reducer " Jacketed pipe " Hydrotest load
i~ Bellows i~ Jacketed bend

Ok, I Cancel

# |Node |Type DX (ft'in") | DY (ft'in") | DZ (ft'in") | Matl | Sect [Load | Data
10 I]? 03" CRP |RT [HwW

11 | End of reactor vertical shell

|2 [

12 |...from centerline of Reactor

13 (12 |Fram

14 |60 |Rigid |3.2374 7.9481 |CRP|RN [HwW

15 | ...Reactor nozzle AD1...

16 |65 | |os116 | |22381 |cRP|RN |Hw |

17 | End of Reactor Nozzle AD1...projection to Reactor C.L. is 110"

8 |70 | 0.3419 |0.8393 |csP|RN1 [Cw

19 |75 |Reducer |0.2829 |08346 |CSP [RN1 |CW ’ =]

Rows 11, 12, 15 and 17 are the comment lines (highlighted with a light green background).
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Compressor

Pumps, compressors and turbines in CAEPIPE, referred to as rotating equipment, are each
governed by an industry publication — API (American Petroleum Institute) publishes an
API 610 for pumps and an API 617 for compressors while NEMA (National Electrical
Manufacturers Association) publishes the NEMA SM-23 for turbines. These publications
provide guidelines for evaluating nozzles connected to equipment among other technical
information including the items relevant to piping stress analysis — criteria for piping design
and a table of allowable loads.

Modeling the equipment is straightforward since it is assumed rigid (relative to connected
piping) and modeled only through its end points (connection nozzles).

1. In your model, anchor all the nozzles (on the equipment) that need to be included in the
analysis.

2. Specify these anchored nodes during the respective equipment definition via Misc. menu
> Pumps/Compressors/Turbines in the Layout window.

CAEPIPE does not require you to model all the nozzles nor their connected piping. For
example, you may model simply one inlet nozzle of a pump with its piping. Or, you may
model one pump with both nozzles (with no connected piping) and impose external forces
on them (if you have that data). Further, there is no need to connect the two anchors of the
equipment with a rigid massless element like required in some archaic methods.

A compressor (like a turbine or a pump) is input by selecting “Compressors” from the Misc
menu in the Layout or List window. Upon analysis, an API 617 compressor compliance
report is produced. See Appendix B (API 617, for Compressors) for related information.

Misc ‘Window Help

Coordinates ZErl+ShifE+C
Element types.,.  Cerl+Shifk+T
Data bvpes, .. Ckrl+Shift+D
Check Bends

Check Connections

Materials kel ShifE-Hr
Sections ZErH-Shift+5
Loads ZEFl+ShifE+L

Bearn Makerials
Bearn Sections
Beam Loads

Purps

COmpressars

Turbines
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Compressor

=E: Caepipe : Compreszors [0] - [Bigmodel.mod [C:ACA... =] E3
File Edit Wiew Options Misc Window Help

#

Inlet | Exhast E straction Shaft axiz direction
Descrption | Mode |Mode  |Mode 1 [ Mode 2 | & comp | % comp | £ comp
1|l

Once you see the Compressor List window, double click on an empty row for the
Compressor dialog and enter the required information.

Compressor # 1 |

D ezcription IEDmpressnr 1

Inlet node I'IEIEI E straction node 1 |11EI
Exhaust node |2EIEI Estraction node 2 |21 1]

Shaft axiz direction
¥, comp ' comp £ comp

[1 | |
ak. I Cancel |

A short description to identify the compressor may be entered for Description. The nozzle
nodes must be anchors and the shaft axis must be in the horizontal plane. Some of the

nozzle nodes may be left blank if they are not considered as a part of the piping system being
analyzed (e.g., extraction nodes).
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Compressor

~I- Caepipe : Rotating Equipment Report - [p25.res {C:'Documents and Se... [l[=] E3
File Results Wiew Options ‘dindow Help
S EEE a® | =
APIBTY (7th Ed. 2003) report for compressor . P24-APIB17
Load case: Operating (WHP1+TT)
Shaft axis: ¥oomp =1.000, Ycomp=0.000, Zcomp =0.000
----- Forces (b} ----- ----- Moments (ft-1b) -----
Mode  Type fi fy fz i my mz
] Inlet 567 -301 497 2027 1981 -29
25 Exhaust =252 -337 -549 -1075 2854 -2830
30 Extr.1 33 -140 -4 133 -200 420
Size --- Resultant - All oy
Mode  Type (inch) Filb) Mift-Ib)  3F + M ahle Ratio
] Inlet §.000 8912 321 sE47 7400 0.763
25 Exhaust  12.000 B9 4161 BZ235h gb33 0.722
a0 Extr1 4.000 163 434 a7z 3700 0.263
Combined resultants at largest connection 25
----- Forces (lb) ----- - Moments (ft-1b) -----
fx fy fz i my mz
Calculated 343 778 -126 1789 6345 330
Allowahble 1016 2541 2033 a052 2541 2541
Fatio 0.347 0.306 0.062 0.352 28595 0.130
- Hesultant --- Al i
Filb) Mift-lb)  2F + M ahle Ratio
Cambined gE4 7056 gE13 5052 1.734

If you have input multiple temperatures, corresponding reports for additional operating load
cases will be shown.
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Concentrated Mass

A concentrated mass is input by typing “conc” in the Data column or selecting “Conc.
Mass” from the Data Types dialog.

DataTyos B
= Anchor £ Hanger " Snubber

£ Hamonic Load  © Spider

: i JacketEnd Cap © Threaded Joint
Constant Support € Limit Stop ) Time Yaring Load

~
™ Flange " Mozzle i~ Uszer Hanger
" Force " FRestraint " User SIF

{ Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support

Ok, I Eancell

The Concentrated Mass dialog is shown.

Concentrated mazz at node |

Weight I [x]

Offzets from hode
[ [inch) 0 [inch] L [inch]

| | |
ak. I Cancel |

The weight of the concentrated mass should be input for Weight. The concentrated mass is
located at the offset (DX, DY, DZ) from the node. Deadweight, seismic and dynamic loads
due to concentrated masses are applied to the model.
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Constant Support

A constant support hanger exerts a constant vertical supporting force on the piping. The
constant support load is automatically calculated by CAEPIPE. To analyze an existing
constant support with a known load, input it as a user hanger with a zero spring rate.

A constant support is input by typing “cons” in the Data column or selecting “Constant
Support” from the Data Types dialog.

Datatpes W)
= Anchor £ Hanger " Snubber

" Branch SIF £ Hamonic Load  © Spider

™ Conc, Mass i JacketEnd Cap © Threaded Joint

(Ol ) Time Yaring Load
™ Flange " Mozzle i~ Uszer Hanger

" Force " FRestraint " User SIF

{ Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support

Ok, I Eancell

The Constant Support dialog is shown.

Constant Support at node 80 |

MHurmber of I'I
Connected ta I

ak. I Cancel |

Number of Hangers

The number of hangers is the number of separate hangers connected in parallel at this node.

Connected to Node

By default the hanger is connected to a fixed ground point which is not a part of the piping
system. A hanger can be connected to another node in the piping system by entering the
node number in the “Connected to node” field. This node must be directly above or below
the hanger node.
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Data Types

Items such as anchors, hangers and external forces, which are defined at nodes, are input in
the Data column as Data types; different from inline elements such as pipes, bends and
valves that connect nodes, and are input in the Type column as Element types.

The Data items can be selected from the Data Types dialog which is opened when you click

on the Data header in the Layout window.

Fi- Caepipe : Layout [11] - [Sample.mod [C:ACAEFIPE ... |H[=] E3

File Edit Wiew Options Loads Misc Window Help

e EES BEE a@

# |Node | Type | DX (itin")| DY (ftin") | DZ (ftin') | Matl| Sect | Load | Data

1 | Title = Sample problem

2_ 10 Fram Anchar
3 |20 Bend |90 AR3 (8 1
4 |30 B0 AR3 (8 1 Hanger

You may also use the command: Misc > Data types,

FI= Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPE...

File Edit Wiew Options Loads | Misc ‘Window Help

O =S | | Coordinates Ctrl+Shift+C

Element bvpes...  Crl+Shifk+T

# |Node| Type | DX [ftin') | DY (1 ey Ctrl4-Shift+0
1 | Title = Sample problem Check Bends
2 |10 | Frorm | | Check Connections

or press Ctrl+Shift+D to open the Data Types dialog.

Data Types |

i+ Zﬂr'u:hu:u‘ £ Hanger ™ Snubber

" Branch SIF " Hamonic Load  © Spider

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel |

You can select the data type by clicking on the radio button or pressing the underlined letter
of the item, e.g., press “f” for Flange, Force or Force spectrum load. Or, you may simply
start typing the first few letters of the item in the Data column. (For example, typing “fo”

automatically opens a Force data type dialog).
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Direction

Direction is required for several items such as Pump, Compressor, Turbine, Nozzle (for
vessel axis), Limit Stop, Skewed restraint, Elastic element and Hinge joint.

The axis or the orientation of an item (listed above), is called the direction vector which is
described in terms of the vector’s global X, Y and Z components.

The angles the vector makes with the X, Y and Z axes are called Direction angles, whose
cosines are called Direction cosines (or global X, Y and Z components used in CAEPIPE).

There are two methods of computing the X, Y and Z components.
First method: When you know the direction angles (see examples 1, 2 and 3).

Second method: When you know the coordinates of the end points of the vector (see
example 4).

Example 1: Vertical Vessel

Assume a vertical vessel with axis in the Y direction, and a, B3, y as the direction angles the
axis of the vessel makes with global X, Y and Z axes.

The angles are o0 = 90° , B = 0° (since axis is parallel to Y axis) and y = 90° .

So, the direction cosines or X, Y and Z components are

X comp = cos (a0 =90°) =0,
Y comp =cos (B=0°) =1,
Z comp = cos (y = 90°) = 0.

For Z vertical: X comp = 0, Y comp = 0 and Z comp = 1.
Example 2: Limit Stop at 45° from the X-axis in the X-Y plane

For a limit stop whose axis is oriented at 45° from the X-axis in the X-Y plane, the angles are
o = 45° B = 45°and y = 90°.

So, the direction cosines or X, Y and Z components are

X comp = cos (o = 45°) = 0.70711,
Y comp = cos (B =45°) = 0.70711,
Z comp = cos (y = 90°) = 0.0
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Direction

Example 3: Hinge axis at 30° from the Z-axis in the Y-Z plane

Y

Direction Cosines of Hinge Axis vector

X component =L cos 90° =0
Y component=L cos60°=05L
Z component = L cos 30° = 0.866 L

v ’Ey Y Component
3007? B

s

B .4
i Z Component o= 90°

From the above figure, we have the angles « = 90°, § = 60° and y = 30°. Assuming L. = 1
(or any length), the direction cosines or X, Y and Z components are

X comp = cos (x = 90°) = 0.0,
Y comp = cos (8 = 60°) = 0.5,
Z comp = cos (y = 30°) = 0.866

Example 4: Skewed Support
'Y

P1P2: Skewed support

(Direction vector)
L: Length of vector
o, B, v Direction angles

Assume that we have a skewed support along P1P2 (which is the direction vector) shown in
the figure above, Assume that the coordinates of these two points are P1 = (12°,12°,12”) and
P2 =(15,16",14).

Let us calculate this vector’s global X, Y and Z components. There are two methods here
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Direction

Short method

Xcomp=X,—-X)=(15-12)=3
Ycomp=(Y,-Y)=(16—-12)=4
Zcomp = (Z,—Z)=(14-12)=2

Long method

First, let us calculate the length of the vector, L.

L=yX-X)2+(Y,-Y)2+ (Z,— Z)? = 5.385'

The angles «, 8 and y which the vector makes with the global X, Y and Z axes are called the
Direction angles of the vector; The cosines of these angles are called Direction cosines.
X, — X4 Y, - Y, L, — Z,

cosazT, cospf = L , COSy = A

The direction cosines are
X comp = cos a = 0.55709, Y comp = cos B = 0.74278, Z comp = cos y = 0.37139
For information, the direction angles are a = 56° 8”, 3 = 42° 1”7 and y = 68° 11"

To verify the results, the sum of the squares of the direction cosines must be 1.0. Thus,

cos?a + cos?B + cos?y = 0.5570922 + 0.7427822 + 0.3713922 = 1.0
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Dynamic Analysis

Modal Analysis

The equations of motion for an undamped lumped mass system may be written as:

[M]{u} + [Kl{u} = {F(8)} M

Where  [M]= diagonal mass matrix

{u} = displacement vector

{ii} = acceleration vector

[K] = stiffness matrix

{F(t)} = applied dynamic force vector

If the system is vibrating in a normal mode (i.e., free not forced vibration), we may make the
substitutions

{u} = {a,}sinw,t
{ii} = —w?{a,}sinw,t

{F)}=0

to obtain

—wi[Mi{a,} + [K{ay} =0

[K1{a,} = w7 [M]{a,} @)
where {a, } is the vector of modal displacements of the n* mode (eigenvector).

Thus we have an eigenvalue (characteristic value) problem, and the roots of equation (2) are
the eigenvalues (characteristic numbers), which are equal to the squares of the natural
frequencies of the modes.

In CAEPIPE, the eigenvalue problem is solved using a determinant search technique. The
solution algorithm combines triangular factorization and vector inverse iteration in an
optimum manner to calculate the required eigenvalues and eigenvectors. These are obtained

in sequence starting from the lowest eigenpair w%,{al}. An efficient accelerated secant
procedure which operates on the characteristic polynomial

p(w?) = det([K] — w*[M])

is used to obtain a shift near the next unknown eigenvalue. The eigenvalue separation
theorem (Sturm sequence property) is used in this iteration. Each determinant evaluation
requires a triangular factorization of the matrix [K] — w?[M]. Once a shift near the
unknown eigenvalue has been obtained, inverse iteration is used to calculate the eigenvector.
The eigenvalue is obtained by adding the Rayleigh quotient correction to the shift value. The
eigenvector {a, }, has an arbitrary magnitude and represents the characteristic shape of that
mode.
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Dynamic Analysis

Orthogonality

For any two roots corresponding to the n? and mth modes, we may write equation (2) as
which is the orthogonality condition for eigenvectors.

[K1{a,} = wi[Ml{a,} 3)
[K1{an} = wi[M]{an} @

If we postmultiply the transpose of (3) by {a,, }, we obtain

([KH{a D {an} = (i [M{a, N {an}
of {a Y (K] {an} = wi{a,} [M]" {an}
Premultiplying (4) by {a,}", {a,}" [Kl{an} = wf{a,} [MI{an} ©)

Since [M] is a diagonal matrix, [M] = [M]". Also, since [K] is a symmetric matrix, [K] =
[K]". The left sides of equations (5) and (6) are therefore equal.

®)

Subtracting (6) from (5),
(w7 — wp){a,} [MI{an} =0 )
Since w, # wp,,
{a,} [MI{a,} =0 (8)
which is the orthogonality condition for eigenvectors.

Modal Equations

Since the eigenvectors (modal displacements) may be given any amplitude, it is convenient to
replace {a, } by {®, } such that

{0,} [MI{@,} =1 ©)
The eigenvectors are evaluated so as to satisfy equation (9) and at the same time keep the
displacements in the same proportion as those in {a, }. The eigenvectors are then said to be
normalized. Note that equation (7) is still satisfied since, if n = m,w? — w2 = 0, and the
remaining terms may be given any desired value.

Equation (2) now may be written for the nth mode as

[K1{9,} = w;[M]{®,}
Let [®]be a square matrix containing all normalized eigenvectors such that the n" column is

the normalized eigenvector for the n™ mode. We can therefore write the matrix equation so
as to include all modes as follows:

[K{®} = [M][®][w7] (10)

Where [w?] is a diagonal matrix of eigenvalues. We now premultiply both sides of (10) by
[®]"to obtain

[2]"[K][®] = [@]" [M][@][w;] )
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Dynamic Analysis

It may be shown that
[@]"[M][@] = [1] (12)

Where [is the unit diagonal matrix. equation (12) can easily be verified by expansion and

follows from the orthogonality condition and the fact that [®] has been normalized.
equation (11) therefore can be written as

[2]"[K][®] = [w;] (13)
Returning now to the equation of motion (1),
let {u} = [P]{A,}
and {ii} = [®]{4,,} (14)

Where {4,} is the modal amplitude of the nh mode. This merely states that the true

modal displacements equal the characteristic displacements (eigenvector displacements)
times the modal amplitude determined by the response calculations and, further that the total
displacements are linear combinations of the modal values. If we now premultiply equation

(1) by [@]Tand substitute equations (14), we obtain

[@]" [M][@]{4,} + [®]" [K][®){A,} = [®]"{F (t)} (15)
Substituting from equations (12) and (13) in equation (15),
{A,} + [wE]{4,) = [@]"{F (t)} (16)
which represents the modal equations of motion.
Support Motion

Solutions for support motion may be obtained if {F(t)}is replaced by—iis(t){M }where
iig(t)is the prescribed support acceleration. Thus the modal equations of motion may be
written as

{0} + Lwil{an} = it (O[] (M) an
Where A, is the relative modal displacement for the nth mode with respect to the support.

The participation factors for the modes are given by
{T} = [@]"{M} (18)
Then the modal amplitude for the n® mode is given by
Ay = Tyup (19)

where ul is the response of a single degree of freedom system having circular frequencyw,,.
Using equations (14) and (19), the displacements are given by

{u} = [@]{4,} = [®{T,un} (20)
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Effective Modal Mass

Effective modal mass is defined as the part of the total mass responding to the dynamic
loading in each mode. When the participation factor is calculated using normalized

eigenvectors as in equation (18), the effective modal mass for the nth mode is simply the
square of the normalized participation factor,

M, =T?

Effective modal mass is useful to verify if all the significant modes of vibration are included
in the dynamic analysis by comparing the total effective modal mass with the total actual
mass.

Response Spectrum

The concept of response spectrum, in recent years has gained wide acceptance in structural
dynamics analysis, particularly in seismic design. Stated briefly, the response spectrum is a
plot of the maximum response (maximum displacement, velocity, acceleration or any other
quantity of interest), to a specified loading for all possible single degree-of-freedom systems.
The abscissa of the spectrum is the natural frequency (or period) of the system, and the
ordinate, the maximum response.

In general, response spectra are prepared by calculating the response to a specified excitation
of single degree-of-freedom systems with various amounts of damping. Numerical
integration with short time steps is used to calculate the response of the system. The step-by-
step process is continued until the total earthquake record is completed and becomes the
response of the system to that excitation. Changing the parameters of the system to change
the natural frequency, the process is repeated and a new maximum response is recorded.
This process is repeated until all frequencies of interest have been covered and the results
plotted. Typically the El Centro, California earthquake of 1940 is used for this purpose.

Since the response spectra give only maximum response, only the maximum values for each
mode are calculated and then superimposed (modal combination) to give total response. A
conservative upper bound for the total response may be obtained by adding the absolute
values of the maximum modal components (absolute sum). However this is excessively
conservative and a more probable value of the maximum response is the square root of the
sum of squares (SRSS) of the modal maxima.

To calculate response of the piping system, for each natural frequency of the piping system,
the input spectrum is interpolated (linearly or logarithmically). The interpolated spectrum
values are then combined for the X, Y and Z directions (direction sum) either as absolute
sum or SRSS sum to give the maximum response of a single degree-of-freedom system:
u .y at that frequency.

From equation (20), the maximum displacement vector for the nth mode can be calculated
from the maximum response of a single degree-of-freedom system,

{un}max = {(I)n}rnug max

The maximum values of element and support load forces per mode are calculated from the
maximum displacements calculated per mode as above using the stiffness properties of the
structure.
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The total response (displacements and forces) is calculated by superimposing the modal
responses according to the specified mode sum method which can be absolute sum, square
root of sum of squares (SRSS) or closely spaced (10%) modes method.

Closely Spaced Modes

Studies have shown that SRSS procedure for combining modes can significantly
underestimate the true response in certain cases in which some of the natural frequencies of
a structural system are closely spaced. The ten percent method is one of NRC approved
methods (Based on NRC Guide 1.92) for addressing this problem.

N
R= ZR% +22|RiRj|
n=1

where R = Total (combined) response
R, = Peak value of the response due to the nth mode
N = Number of significant modes

The second summation is to be done on all i and j modes whose frequencies are closely
spaced to each other. Let w;and w;be the frequencies of the i™ and j" modes. The modes are
closely spaced if:

(U] w; . .
i

Time History

Time history analysis requires the solution to the equations
[MI{u} + [CI{u} + [Ku} = {F (D)} 1)

where [M] = diagonal mass matrix

[C] = damping matrix

[K] = stiffness matrix

{u} = displacement vector

{u} = velocity vector

{ii} = acceleration vector

{F(t)} = applied dynamic force vector
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The time history analysis is carried out using mode superposition method. It is assumed that
the structural response can be described adequately by the p lowest vibration modes out of
the total possible n vibration modes and p < n. Using the transformationu = ®X, where the
columns in @ are the p mass normalized eigenvectors, equation (21) can be written as

X+AX+0?X=0TF (22)
Where A = diag Qw;¢;)
O = diag (a)lz)

In equation (22), it is assumed that the damping matrix [C]satisfies the modal
orthogonalitycondition

pJ'Iclig} =0 (=)
Equation (22) therefore represents p uncoupled second order differential equations. These
are solved using the Wilson 8 method, which is an unconditionally stable step-by-step

integration scheme. The same time step is used in the integration of all equations to simplify
the calculations.

Harmonic Analysis

A harmonic analysis is performed to analyze the response to sinusoidal loads. Harmonic
forces can arise from unbalanced rotating equipment, acoustic vibrations caused by
reciprocating equipment, flow impedance, and other sources. These forces can be damaging
to a piping system if their frequency is close to the system’s natural frequency, thereby
introducing resonant conditions. The equation of dynamic equilibrium associated with the
response of the structure subjected to harmonic forces is:

[M]{i} + [CT{u} + [K]{u} = sin(wt)F 23)
where [M] = diagonal mass matrix

[C] = damping matrix

[K]

stiffness matrix

{u} = displacement vector
{u}
{it}

velocity vector

acceleration vector

w = frequency of the applied force
t =time
F = maximum magnitude of the applied force

More complex forms of vibration, such as those caused by the fluid flow, may be considered
as superposition of several simple harmonics, each with its own frequency, magnitude, and
phase.

A harmonic analysis uses the results from the modal analysis to obtain a solution. A single
damping factor is used for all modes.
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First, the maximum response of each harmonic is obtained separately. Then the total
response of the system is determined by combining the individual responses. The
combination method may be specified as the Root Mean Square (RMS) or Absolute Sum.
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Dynamic Susceptibility

Dynamic Susceptibility feature is a screening tool for potentially large alternating stresses.
The dynamic stresses are the dynamic bending stresses associated with vibration in a natural
mode. In other words, the modal analysis result has been generalized to include the
alternating bending stresses associated with the vibration in a natural mode. The dynamic
susceptibility for any mode is the ratio of the maximum alternating bending stress to the
maximum vibration velocity. This “susceptibility ratio” provides an indicator of the
susceptibility of the system to large dynamic stresses. Also, the associated animated mode
shapes include color-spot-markers identifying the respective locations of maximum vibration
and maximum dynamic bending stress. The susceptibility ratio and the graphics feature
provide incisive insights into the reasons for high susceptibility and how to make
improvements.

The “Modal Analysis” output load case in CAEPIPE has been enhanced. In addition to the
modal frequencies and mode shapes, you will see two new results items called “dynamic
stresses” and “dynamic susceptibility.”

In case you do not see these two items in the results dialog, you need to activate this feature
by defining an environment variable. See Appendix E for a detailed discussion.

First method:

An environment variable “HARTLEN” needs to be declared under My Computer >
Properties > Environment > Variable (HARTLEN), and its Value set to (YES). Please check
with your System Admin because different versions of Windows have slightly different
methods of doing it.

Environment ¥ariables |

— User variables For ShpOffice

Yariable | YWalue |
CPEROCHURE YES
HARTLAM
TEMP % JSERPRIOFILE%: AppDatal Locall Temp
THP %USERPROFILE%: ApplatalLocali Temp
e, .. Edit. .. | Delete |

— Syskem variables

Yariable | Walue | -

AMDAPPSDKROOT  CHiProgram Files (xSa11AMD APPY —

ComSpe: ChwWindowsisysternm32iomd. exe

FP_MNO_HOST ... MO

MUMBER_OF P... 4 =
Mew | Edit. .. | Delete |
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Second method:

Open the MS-DOS Command Prompt. Type “SET HARTLEN=YES” (enter), change
directory (using CD command) to where CAEPIPE program files are located, start
CAEPIPE.EXE.

Upon (modal) analysis, the Results dialog will display the required results (dynamic stresses
and dynamic susceptibility).

T |

" Sorted streszes " FRF stresses
{” Code compliance " Sorted FRP stresses

™ Branch conn streszes  © Digplacements

" Flange report " Frequencies
" Hot. equip report " Mode shapes
i~ Soil restraints % Dynamic susceptibility

" Support load summary £ Dynamic stesses
™ Suppart loads i Accelerations

™ Element forces

] 4 I Cancel

~i- Caepipe : Dynamic Susceptibility - [comp... [l[=] B3
File Resulks ‘iew Opkions Window Help

S EEQD a® =c= 28

# |Mode |Frequency | Maxima Modes | Susceptibility
[Hz] Welocity | Stresz | [pai £ ipz)
3693 130 70 3486

4014 100 128 |BE2

0,774 2208|280 | 330

0,830 210 250 298

4731 240 240|282

2A.E01 210 240 (81

= T 2 ML

mE= Caepipe : Dynamic strezzes for Mode 6: 4. 78 Hz - . =] E3

File Results Wiew Options Window Help

S @O0 aQ(EE «= B0

B | Susceptibility = 252 =
Mode |Dizplacement | Stress

10 0.0000E+00 | 3.4879E+01

15 A1792E-04  [4.8861E+01
204 |9.003BE-04 | 8. 4F00E-+0
20B  |E.8963E-04 |1.8018E+M

2h 1.9210E-03  [8.8395E+01

an 2B938E-03  [3EIITE+DZ o
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Elastic Element

The elastic element is a general 6 X 6 stiffness matrix, with nonzero diagonal terms and zero
off-diagonal terms. Use this element to model the stiffness of a component unavailable in
CAEPIPE.

€< 2

An elastic element is input by typing “e” in the Type column or selecting “Elastic element”
from the Element Types dialog.

Element Types E |
" From " Slip joint £ Cut pipe

" Fipe " Hinge Joint " Beam

" Bend £ Ball joint " Tie rod

" Miterbend ¢ Rigid element ¢ Location
 yaive sy Comment

o et meenaeersensssmienes i

" Reducer " Jacketed pipe " Hydrotest load
" Bellows " Jacketed bend

] I Cancel

The Elastic element dialog is shown.

Elastic element from 80 to |
- Tranzlational Stiffness ——— Fotational Stiffness
[Ibdinch) [in-lb/deg)
kx ||— ks I—
ky |— L |—
kz I— kzz I—
—Local w asis——— Local v axiz
# comp I— ¥ comp I—
Y comp I— ' comp I—
£ comp I— £ comp I—
ITI Cancel |

The stiffnesses are in the local coordinate system defined by the directions of the local x-, y-
and z-axes. The local y-axis should be perpendicular to the local x-axis (i.e., their dot product
should be zero). The local z-axis is internally calculated as cross product of the local x- and y-
axes.

The elastic element is not subjected to any sustained or thermal expansion loads.

See Slotted Hinge joint example under Expansion Joints topic.
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Expansion Joints

CAEPIPE provides the following types of expansion joints:

1. Ball joint,

2. Bellows,

3. Hinge joint and
4. Slip joint

Using these types, you can also model tied bellows, a gimbal, a dual gimbal, a pressure-
balanced elbow and a tee, a slotted hinge joint and a universal joint among other complex
arrangements.

Before selecting the types of and locations for the expansion joints, you must study a piping
system for the direction and magnitude of the thermal movements to be absorbed,
availability of support structures for anchoring, and guiding of the piping. EJMA and
manufacturer catalogs contain technical information that can guide you through this process.
CAEPIPE becomes an ideal “what-if” tool for such rapid studies.

This topic will show how to model the following types of joints: Tied bellows, universal,
gimbal, dual gimbal, pressure balanced joints and a slotted hinge joint. Also see discussion on
Bellows.

Tied Bellows:

Tie rods around bellows allow lateral deflection and absorb the full pressure thrust force in
the event of an anchor failure. During normal operation, the adjacent equipment will see the
pressure thrust force. Pressure thrust area must be input. One way of modeling the tie rods is
to lump all four tie rods into a single limit stop (with limit stop stiffness = 4 x stiffness of tie
rod = 4 x EA/L) at the center of the bellows. The reason for modeling the four tie rods as a
single limit stop is that these rods act only in tension and not in compression. Simpler tie rod
element could also be used. See last example in this section.

i Caepipe : Layout [6] - [BELLOW2 MOD (\\CDV-VISION... |M[=] E3

File Edit Wiew Options Loads Misc window Help

NEeEES BEE @&

# |Node|Type | DX (tin") | DY iftin') | DZ [itin") | Matl | Sect | Load | Data

1 | Title = [Tied Eellows E xample

2 |10 Frarm Anchar
ERES 20" 1 1 |1
(4 |30 |Bellows |10 1 1 |
5 |40 20 1 |1 |1 |Force
E 20 Locatian Lirnit stop
7
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mi= Caepipe - Graphics - [BELLOW2 MOD [\CDY-VISIONMANAS haredFoldeA\MIKS C... [Hi[=] E3

File Mjew Options Window Help

S EE & @& & Q &

An elaborate method of modeling the above is to create four limit stops (instead of one)
placed at their actual locations with rigid elements. As noted before, instead of using Limit
stops, you could also use the simpler tie rod element(s). See next example.
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=i Caepipe : Layout [25] - [BELLOW3.MOD (\WCDV-VISIO. .. [M=] E3

File Edit Wiew Options Loads Misc Window Help

FEHE EBEE &@&

Node |Type | D3¢ [ftin") | DY [ftin") | DZ (itin") | Matl | Sect | Load | Data

Title = Tied Bellaws Example

[

#

1

2 |10 From Anchor
ERE! 30" 1 1 |1

(4 (30 |Bellows |10 1 1 1

5 |40 30 1 1 |1 |Force
BRE From

(7 | Rigid 04" 1 2 1

ERE! From

(g |22 Rigid -0 1 2 1

[10] 20 From

(11| 23 Rigid -0g" 1 2 1

(12| 20 From

(13 24 Rigid 4" 1 2 1

(14 20 From

(15| 21 Rigid 04" 1 2 1

(16 20 From

(17| 22 Rigid -0 1 2 1

[12] 20 From

(19 23 Rigid -0g" 1 2 1

(20] 20 From

(21 34 Rigid 4" 1 2 1

E il Location Lirnit stop
23] 22 Location Lirnit gtop
g 23 Location Lirnit stop
E 24 Location Lirnit stop
E
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The limit stops at nodes 21 (shown below), 22, 23 and 24 should be modeled thus.

Limit stop at node 21

pper limit |Mone [inch]
Lawer limit {0,000 [inch]

Direction
¥ comp ' comp £ comp
1.000 1.000 |

Friction coefficient
Stiffness |50000 [IbAinch]
Connected ta |31

] 4 | Cancel | Wertical |

=i Caepipe : Graphics - [BELLOW3.MOD {D:Documents and Settings' Shipping Office’,Desktop'.ExpJoints)]
File Wwiew Options Window Help

5 BEAYRARQ O

Universal joint:

This joint is composed of two single bellows with a center spool, with tie rods (90° apart)
across the whole assembly (end to end). This is commonly used in multi-plane Z bend
configurations to absorb large lateral deflections. Axial growth in the vertical leg (that
contains the joint) will introduce bending in the horizontal legs which may require other
supports.
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The amount of lateral deflection can be increased by increasing the length of the center pipe
section or the spool piece. The angulation or bending of the bellows can be controlled by
the number of tie rods around the joint. See a manufacturer’s catalog for details.

If a joint comes with no tie rods, then the thermal movement of the piping must be properly
guided so as to have the joint behave as expected.

As mentioned in the earlier example, you can use tie rod elements instead of limit stops.

i Caepipe : Layout [27] - [UNIVERSL.MOD [AACDV-VIST.. =] E3
File Edit Wjew Options Loads Misc window  Help

DEEE| @ &

# [Node|Type  |Dx(fin") | DY (itin") | DZ iiin") | Matl | Sect | Load | Data

1 | Title = Tied Univerzal Expanzion Jaint

(2 |10 From Anchor
3 |20 20" 1T 1|1

(4 {30 |Bellows |08 1 1 1

5 |40 0E" 1 1 |1

(6 |50 |Bellows |06 1 1 1

7 |60 20" 1 |1 |1 [Foee
ERE From

EE Rigid o4 1 2 1

(10] 20 From

(11 22 Rigid -0 1 2 1

(12 20 From

(13| 23 Rigid 04 1 2 1

(14 20 From

(15 24 Rigid 4" 1 2 1

EE From

17 51 Rigid o4 1 2 1

FEE From

(1352 Rigid -0 1 2 1

2050 From

21|53 Rigid 04 1 2 1

[ 22| 50 From

2354 Rigid 4" 1 2 1

H | Lacatian Lirnit ztop
E 22 Location Lirnit gtop
E 23 Location Lirnit stop
27| 24 Location Lirnit gtop
El

Limit stops are modeled as before.
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=0 Caepipe : Graphics - [UNIYERSL.MOD {D:'Documents and Settings'Shipping OFfice’\Desktop*ExpJoints)]
File Wiew Options ‘Swindow Help

S HBE GRKAKX O

Gimbal, Dual Gimbal Joints:

These allow angular motion in all planes and resist axial and pressure thrust forces. These are
modeled in CAEPIPE as two back to back hinge joints with perpendicular axes. The
minimum distance between the adjacent gimbal joints is a function of the required angular
and rotational deformation. The 4” shown in the next two examples is only for graphical
depiction, and not representative of any functional requirement.

A gimbal joint example follows.

mE: Caepipe : Layout [7] - [GIMBAL mod [AWCDY-VISIO . =] E3

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type | D3¢ (ftin') | DY (") | DZ (fin") | Matl | Sect | Load | Data

1 |Title = Gimbal Example

2 (10 From Anchar
ERE! 70" 1 1|

4 |30 |Hinge

BE: 04" 1 1|

' [40 |Hinge

(7 |50 20 1 {1 |1 |Force
5
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=I* Caepipe : Graphics - [GIMBAL.MOD

Eile View Options ‘Window Help

& @ @ & Q|

A Dual gimbal joint example follows:

mE= Caepipe : Layout [10] - [DUALGIME.MOD [WCDV-_ =] EX

File Edit Wwiew Options Loads Misc

DeEE EBEE @&

Window Help

# |Node | Type | D¢ (itin') | DY (ftin") | DZ (ftin") | Matl| Sect | Load | Data
1 | Title = Dual Girmbal Jaint
2 |10 Fram Anchor
ERE 20" 1 |1
(4 |20 |Hings
5 (40 |Hinge
BE 10" 1 |1
7 |60 |Hinge
ERE: 04" 1 |1
(9 |70 |Hings
(10] 20 20" 1 |1 Force
11

214




Expansion Joints

== Caepipe : Graphics - [DUALGIMB.MOD
Eile View Options ‘Window Help

S EE a&aalyd

El v

Pressure-balanced Elbows and Tees:

These joints are used to absorb small amounts of axial and lateral movement at a change in
direction while restraining the pressure thrust by means of tie rods. It is often used to reduce
the pressure thrust forces coming on nearby equipment (rotating) whose allowable nozzle
loads necessitate elimination of pressure thrust forces. You can use tie rods instead of limit
stops. Two examples follow - a pressure-balanced tee followed by a pressure-balanced elbow.
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Pressure-balanced Tee:

~i- Caepipe : Layout (29) - [PBTEE.MOD [MCDVY-VISIONMA... [W[=] E3

File Edit AWjew Options Loads Misc window  Help

NEE&E| & ®

# [Node|Type  |DX(itin")| DY iftin') | DZ [itin") | Matl | Sect | Load | Data

1 |Title = Pressure Balanced Tee

2 (10 From Anchor
3 |20 10" 1 1 |1

(4 (30 |Bellows |08 1 1 1

BE: o3 1 1 |1

6 |40 03" 1 1

7 {50 |Bellows |08 1 1 1

ERE: From Welding tee
ERRES 1o 1 1 |1

(10] 20 From

(11 21 Rigid o4 1 2 1

(12| 20 From

(13| 22 Rigid -0 1 2 1

[14]20 | From

(15 23 Rigid 04 1 2 1

(15| 20 From

(17 24 Rigid 4" 1 2 1

R From

(19 51 Rigid o4 1 2 1

2050 From

21|52 Rigid -0 1 2 1

[22]50 | From
2353 Rigid 04 1 2 1
[ 24|50 From
25| 54 Rigid 4" 1 2 1
E el Location Lirnit stop
27| 22 Location Lirnit gtop
E 23 Location Lirnit ztop
E 24 Lacatian Lirnit ztop
30

Limit stops are modeled as before.
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=N Caepipe : Graphics - [PBTEE.MOD {D:\Documents and Settings' Shipping Office’,Desktop'\ExpJloints)]
File Wiew Options ‘Swindow Help

S HBE GBRKXAKX O

Pressure-balanced Elbow:

A pressure-balanced elbow absorbs axial and lateral movements at a change in direction
while it restrains the axial pressure thrust on nearby (rotating) equipment.

The joint comprises of two bellows, one on either side of the elbow. Flow bellows, as the
name suggests, is on the flow side, while the balancing bellows extends from the elbow out,
subject to the same line pressure, secured to the flow bellows by tie rods. The balancing
bellows expands by the same amount that the flow bellows compresses (because of the tie
rod arrangement), with no volume change thus keeping the pressure forces in balance; hence
the name pressure-balanced elbow.

To allow a larger lateral movement, one should use a pressure-balanced universal expansion
joint. The difference here is that there are two bellows on the flow side instead of one, with
still one balancing bellows.

Modeling either of these joints is simple once you become aware of the above information.
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i Caepipe : Layout [29] - [PBELBOW.MOD [MCDV-VISION... [Hi[=] E3

File Edit Wiew Options Loads Misc Window Help

FEHE EBEE &@&

Node |Type | D3¢ [ftin") | DY [ftin") | DZ (itin") | Matl | Sect | Load | Data

Title = Pregzure Balanced Elbow

[

#

1

(2 |10 From Anchor
ERE! 10 1 1 |1

[4 (30 |Bellows |06 1 1 1

5 |40 0" 1 1

5 (50 |Bellows |08 1 1 1

¢ |30 From

g8 |3 |[Bend 4" 1 1 1

ERRES 1o 1 1 |1

[10] 20 From

(11 21 Rigid 04" 1 2 1

(12| 20 From

(13| 22 Rigid -0 1 2 1

(14 20 From

(15| 23 Rigid -0q" 1 2 1

(16| 20 From

(17 24 Rigid o4 1 2 1

(1250 From

[13] 51 Rigid 04" 1 2 1

20| 50 From

21|52 Rigid -0 1 2 1

22 50 From

23|53 Rigid -0q" 1 2 1

24| 50 From

25 | 54 Rigid o4 1 2 1

[ 25| 1 Location Lirnit gtop
E 22 Location Lirnit ztop
E 23 Lacatian Lirnit ztop
E 24 Location Lirnit gtop
El
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Limit ztop at node 21 |
Upper imit [[EEE ~ finch]
Lawer limit {0,000 [inch]
Direction
¥ comp ' comp £ comp
|1.000 | |
Friction coefficient I—
Stiffrezs (50000 [IbAirmch)
Connected ta |51—
ITI Cancel | Wertical |

0= Caepipe : Graphics - [PBELBOW.MOD {D:\Documents and Settings',Shipping Office’,Desktop'.ExpJoints)]
File Yiew ©Options Window Help

S BE AKX O

A few points to note:

1. The Bend node (35) is NOT on the pipe element 30-40. Notice the rows in the layout
window. The bellows modeling is from nodes 20-30-40-50. Bend modeling starts on row
7 “From” 30-35-135.

2. Depending on how precise you want to be in your modeling of the tie rods, you have
three choices:

a) Simply input one tie rod from 20-50. Input the combined stiffnesses of all the tie
rods around the bellows, or
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b) As shown in the model graphics, use massless rigid elements to model the offsets
(such as from 20-21, 20-24 etc.) on both sides of the joint, and tie corresponding
nodes with Limit stops. Note that a limit stop takes only one stiffness input for
both in tension and in compression, or

¢) Replace limit stops in item b. with tie rods. A tie rod allows stiffness inputs for
tension and compression, allowing for more flexibility in input. Note that
CAEPIPE does not require Section and Material input for tie rods.

Slotted Hinge joint:

In CAEPIPE, this joint is modeled using an elastic element, a limit stop and a hinge joint.
The limit stop models the slot (+ and — 1 inch, for example) thereby allowing for limited
axial travel. The elastic element has very low axial stiffness and all other stiffnesses rigid to
model the slot. The hinge provides rotational stiffness about the Z axis. Due to the slots,
these joints will not resist any pressure thrust forces thereby necessitating anchoring.

mB* Caepipe : Lapout [6) - [SLOTTED.MOD [MCDY-VISIO. . =] B3
File Edit Wwiew oOptions Loads Misc Window Help
DS HE @ &
# [Node|Type | D ifin")| DY (itin') | DZ (ftin") | Matl| Sect | Load | Data
1 | Title = Slatted Hinge Jaint
2 |10 From Anchor
3 [15 ao" 1 1 1 Limit ztop
4 (20 |Elastic| 0.0100
5 |30 Hinge
B (40 ao" 1 1 1 Farce
v
Elastic element from 15 to 20 |
— Tranzlational Stiffness ——— Rotational Stiffness
[Ibirzh) [in-lb/deq)
s I fesan IHigid
ky IHigid AT IHigiu:I
kz IHigid kzz IHigid
—Local # axis—— Local p axiz

# comp |1 00ao # comp |0.0000
' comp IIJ.EIEIEIEI Y comp |1.0000
£ comp IEI.EIEIEIEI £ comp |0.0000

ak. I Cancel |

ik
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Hinge joint from 20 to 30 |
Ratational shffness I'I ] [in-lb/deq)
R atatian limit {Mone [deq]

Frictian karque |'| aa [fr-Ib]
Weight [20 (Ib]

Az direction
¥ comp ' comp £ comp

| | {1.000

ak. I Cancel |

Limit stop at node 15 |
pper limit | gEINE [inch]
Lower imit [1.000 finch)
Direction
¥ comp Y comp £ comp

Friction coefficient I
Stiffnesz IHigid [lbinc:h]
Connected ta IEEI

0k, I Cancel | Wertical |
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=N Caepipe : Graphics - [SLOTTED.MOD {D:'Documents and Settings',Shipping Office’, Desktop'ExpJoints)]
File ‘Wiew Options ‘window Help

S HE & RAQ O

Modeling Tie Rods:

A tie rod’s chief function is to restrain the axial pressure thrust at an expansion joint (e.g.,
bellows). A tie rod between the ends of an expansion joint could be modeled to allow for
axial compression but prevent axial expansion due to pressure thrust. To create this effect,
you would need to model a tie rod and enter pressure thrust area for the bellows expansion
joint.

For a tie rod, enter stiffnesses in tension and compression. To prevent the expansion joint
from going into tension, input a Rigid stiffness (1E12 1b/in) for the Tension Stiffness field.
Leave the Compression Stiffness blank if you want to allow the expansion joint to freely
compress. Instead of making the Tension stiffness rigid, you could calculate the total
stiffness of all the rods and enter it for Tension Stiffness, too.

In some cases, the expansion joint may extend or contract a specific amount before it stops
completely. To model this behavior, i.e., if you want to prevent the expansion joint from
extending or contracting freely in a direction, input a gap in that direction and a
corresponding stiffness.

How to model:

A tie rod is modeled between the same nodes as the expansion joint is. Next, go to a new
row, type in the starting node number of the joint, specify “From” under “Type” followed
by Enter. On the next new row, type the other node number of the joint, followed by “Tie
Rod” under “Type”. There is no need to input the offsets (DX, DY or DZ) as CAEPIPE
already has the coordinates of these nodes from the previous expansion joint definition.
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Expansion Joints

=i Caepipe : Layout (7] - [BELLOW1.MOD (\WCDV-VISI... =] E3

File Edit Wiew Options Loads Misc Window Help

NeEE EBEE @&

# [Node|Type  |D¥(itin")| DY (tin") | DZ (ftin') | Matl| Sect | Load | Data

1 | Title = Tied Bellows Example

2_ 10 From Anchar
ERE! 70" 1 1|

(4 (30 |Bellows |10 1 |1 |1

(5 |40 70" 1 1 |1 |Force
E_ Tierad modeled here between the bellows nodes

F"_ 20 From

(2 {230 |Tierod ||

=E* Caepipe : Graphics - [BELLOW1-Tierod.mod (D:\Documents and Settings'Shipping Office’,Desktop'ExpJoints)]
File “iew Options ‘Window Help

HE GRAQAKQ O

Tie rod from 20 to 30 7| x|
Tension Compression
Stiffriess [1e12 |0 (Ib/inch)
Gap |0 |0 linch]

(] 4 | Eancel|

223



Expansion Joints

Bellows from 20 to 30 |
Axial ztiffneszs | 1000 [lbinc:h]

Bending stiffness 2000 [in-lb/deq)

Torzional stiffnezs |Rigid [in-lb/deq)
Lateral stiffneszs |Rigid [lbinc:h]

Preszsure thrust area |10 [in]

T

Weight |20 (1]

ak. I Cancel |
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Fiber Reinforced Plastic Piping (FRP)

FRP piping has gained wide acceptance in many industries due to its lightweight nature,
superior corrosion resistance, temperature capabilities and mechanical strength. Several
manufacturers produce different types of FRP pipes and fittings and provide technical
assistance to their customers on

design matters through installation. You can model FRP materials in CAEPIPE and have it
calculate deflections, forces, moments and stresses.

To define the FRP material, click on “Matl” in the header row in the Layout window.

i- Caepipe : Layout [56] - [complex]_mod [C:A\Users\ShpOffice\Desk. .. =] E3
File Edit Wiew Options Loads Misc SWindow Help

hEeEE EBEE @&

# |Mode |Type Lo [fEin""] [ D% [fin''] | D2 [fin"'] MatII\ISect Load | Data ;I
331150 1o 1 3 1 MHozzle
3435 From Reinf tee

In the Material List window that is shown, double click on an empty row to input a new
material or on a material description to edit the material properties.

=i Caepipe : Materials [4] - [complex].mod [C:AUzers\ShpOfficeADesktopA\MIKS CURBRENT PROJECT
File Edit Wew Options Misc SWindow  Help

BEE @ @uD

# |Mame Dezcrption Ty [Denzsity |[Mu  |Joint [ # | Temp [ Axial Mod. | Hoop Mod. | Shear Mod.

pe | [bfin3] fachar IF1 [pzi] [pzi] [pzi]

1 |1 AT0E Grade A, CS|0280 (03 (100 |1 |20 11BE+E |2B4E+E [ 1.09E+E
(2 (KT Titanium B 337 Grade 12 TI {0184 |03 [100 [z |700 |116E+6 |2B4E+5  |1.09E+5
EBEE A335 Grade PA1 (AC-1Mo] | CS (0230 (0.3 [1.00 ER
(4 |[FRP1 | Duct FR|o0s2 025 [1o0 |

4]

The Material dialog will be shown.

Material # 4 =]

b aterial name IFFE F1

Dezcriptian IDuct

INUEMEFF - Fiber Reinf. Flastic [FRF)

Crenzity ||:|.|:|52 [Ibin 3]
Mu I':'-25 Select Type: FR here

hefore clicking on
Jaint factar |'| oo properties

0k, I Eanu:ell Froperties Library
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Fiber Reinforced Plastic Piping (FRP)

The material name can be up to three alpha-numeric characters. Enter description and
density. You need to select “FR: Fiber Reinf. Plastic (FRP)” from the Type drop-down
combo box before you click on the Properties button. The Poisson’s ratio (Nu) is the ratio
of the strain in the axial direction resulting from the stress in the hoop direction.

When you click on the Properties button, you are shown the table below where you enter
temperature-dependent properties. Additionally, you can define the Axial and Torsional
allowable stresses so that CAEPIPE can use them to compare with calculated stresses under
the FRP "Sorted Stresses” results.

M atenal Properties

# | Temp .-’-'-.:-:iglMu:u:I. Hu:upp b . Shn_aarMu:u:I. .-’-j-.lpha .ﬂ.Hial.ﬁ.II. Tu:ur_siu:unal.-’-'-.ll.
[Fl | [ps=i] [p=i] (i) [indindF] | [psi] [p=i]

1 (20 [1.16E+6 |2E4E+6 |1.0%E+6 [16.26E-6(3000 |7500

2 |700 |11BE+5 |2B4E+6 |1.03E+6 |16.26E[1500 2500

FRP Material Moduli
CAEPIPE requires three moduli for an FRP material:

e Axial or Longitudinal (this is the most important one)

e Hoop (used in Bourdon effect calculations). If this modulus is not available, use axial
modulus.

e Shear or Torsional. If this modulus is not available, use engineering judgment in putting
1/2 of axial modulus or a similar value. Note that a high modulus will result in high
stresses, and a low modulus will result in high deflections.

For FRP bends, a Flexibility factor of 1.0 is used unless you override it by specifying a
Flexibility factor inside the bend dialog. Also for FRP bends, CAEPIPE uses a default SIF of
2.3. You can override this too by specifying User-SIFs at the bend end nodes (A and B
nodes).

Stiffness matrix
The stiffness matrix for an FRP material is formulated in the following manner:
The stiffness matrix for a pipe is calculated using the following terms:

Axial term = L / EA

Shear term = shape factor x L / GA
Bending term = L. / EI

Torsion term = L. / 2GI

where L = length, A = area, I = moment of inertia
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Fiber Reinforced Plastic Piping (FRP)

E = Elastic modulus, G = shear modulus

For an isotropic material,
G=E/21+v)
where v = Poisson’s ratio,

For an FRP material, however,
E = axial modulus and G is independently specified (i.e., it is not calculated using E and v).

The hoop modulus and FRP Poisson’s ratio are only used in Bourdon effect calculation
where,
Poisson’s ratio used = FRP Poisson’s ratio input x axial modulus / hoop modulus

Results

CAEPIPE calculates deflections, forces, moments and stresses. Each item can be seen under
the respective title in Results. FRP element stresses can be seen, sorted or unsorted. These
different stresses are computed as per formulas given towards the end of Appendix A.

i- Caepipe : FRP stresses: Static analysis - [frp-wind.r... [lj=] B3
File Resulks Yiew Opkions ‘Window Help
S EBEE a® =
# |Mode[Hoop |Asial B ending | Longitudinal | Longitudinal | T orsional
(i) i) (i) Max [psi] | Min [pi] i)
1 (10 11538 [ 5500 121 2E20 2379 141
20 11538 | 5500 923 G423 4577 141
2 |20 11538 | 5500 923 B423 4577 141
25 11538 | 5800 1265 B7E5 4235 141
3 [25 11538 | 5500 1265 BV B 4235 141
ana 11833 | 5500 1814 714 636 141
4 (304 (11538 [5602 4172 9675 1330 141
0B | 11533 | 5497 4248 9745 1249 141
5 (308 (11538 |[5494 1847 73 2647 141
50 11538 5494 1306 Ba01 4188 141
E (50 11538 [ 5494 1306 Ba01 4183 141
B0 11538 5494 293 B33z 4597 141
¥ |60 11538 [ 5494 293 B39z 4547 141
70 11538 5494 a7 aea1 2303 141
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Fiber Reinforced Plastic Piping (FRP)

=i* Caepipe : Sorted FRFP streszes: Static analysis - [frp-wind.res
Window Help

File FResulks

View  Opkions

S BEE a@

=B

Axial and Torsional allowables may be entered under material properties so that they can be
used to compare against calculated stresses in “FRP Sorted Stresses.” Forces, Stresses and
Sorted stresses for FRP piping may be printed to a .CSV file (spreadsheet-compatible).

CAEPIPE renders FRP piping in golden color.
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Hoop b ax Long in Long Torzion

B [Node|Stess [allow |Stress/ |Node | Stess [&llow |Stessd |Node | Stess [ &llow | Stress/ | Mode | Stress [ Bllow | Stress/

[psi] [p=i] | Al [psi] [p=i] | Al [psi] [p=i] | Al [psi] [p=i] | Al
1 |20 [11538 (2500|462 |30B |9745 | 2500 (290 |60 |4B97 |2600|1.84 |60 (141 Fa00 0.0z
(2 |20 |11538 |2500 |462  |308 9678|2800 227 |e0 |4mer |z800|1ms |20 |1# Fa00 002
(3 |25 [11538 |2500 462 |70 |mE®1 |zs00 (247 |20 (4577|2800 (183 500 [141 Fa00 002
(4 |50 11538 2500|462 |10 |se20 |2500 (245 |20 |45eF |zs00 (183 |28 |1# Fa00 0.0z
(5 |50 11538 [2500 [462 |30B |7341 |2800 (294 |25 4238 |zs00 (163 |30 |14 Fa00 | 0.02
6 |60 11538 [2500 [462 |30 |7M4 |2800 (293 |25 |4235 |=z800 (163 |10 |1# Fa00 | 0.02
(7 |10 |11538 2500|462 |s0 |eso1 |2zs00 (272 (S0 |41 |2s00[1Es |30a |14 Fa00 0.0z
'8 |20e [11538 2500 462 [s0 |eemn |zs0o (272 |00 |#18m [2800 (162|304 [141 Fa00 002
(9 |25 |11538 |2500 (462 |25 |eves |z500 |27 a0s [3EBE (2800|147 |25 (141 Fa00 0.0z
(10|60 11538 |2500 (462 |25 |E7ER |z500 |27 0B [3B4F (2800|7146 |20 (141 Fa00 002
[11]208 11538 2500 462 |20 |e423 |zs00 (257 100|237 [2800 (095 B0 [141 Fa00 002
(12|70 11538 |2500 [462 |20 |s423 |2z800 (257 |70 |2308 |2500 (om2 (S0 |14 Fa00 0.0z
[13]304 |11538 [2500 [462 |60 |E332 |2800 (256 |30a |1330 |2800 (053 |70 |14 Fa00 | 0.02
[14|308 |11538 |2500 [462 |60 |e392 |2500 |25 (308 |1243 |2500 [0S0 |30B |14 Fa00 | 0.02




Fiber Reinforced Plastic Piping (FRP)

I Caepipe : Graphics - [FRP1.mod {C:"Documents and Settings' Administrator,

File Miew Options Window  Help

& AEB@AKRKAO
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Flange

Flanges are used to stiffen the ends of pipes/valves/bends/etc. and act as connections to
adjacent elements. ASME B16.5 is a standard in the USA to which flange manufacturers
produce flanges for 2" to 23” NPS (nominal pipe size), while the B16.47 standard is used
for 26” to 60” NPS. These are classified according to (pressure) classes, flanges in which are
further classified according to materials with different pressures and temperatures.

A flange is input by typing “fI” in the Data column or selecting “Flange” from the Data
Types dialog. If flanges are located at the bend end nodes (A, B nodes), or jacketed bend
nodes (C, D nodes), the bend flexibility and SIF are modified.

Data Types |
™ Anchar " Hanger i~ Snhubber
" Branch 5IF " Hamonic Load ¢ Spider
™ Conc. Mass " JacketEnd Cap © Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
{* £ """"""""" £ Nozzle " User Hanger

" Restraint ™ User 5IF
" Force Sp. Load € Rod Hanger = wield
" Guide " Skewed Restraint © Generic 5upport
ITI Cancel

The Flange dialog is shown.

Flange at node 80 |

Tepe |EEENTE=A
weight [ (b

[azket Diameter I— [ifizh]
Allovaable Prezzure I— [psi]

AMS| Library | European Librar_l.ll

(] I Cancel |

Several flange types are available — weld neck, socket welded, threaded, lap joint, etc. Use the
Type drop-down combo box to select one.
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Flange

Flange at node 80 HE
Twpe |Socket welded j
wWwield neck.
Double welded zlip on

iSinale welded slip on
Gi2sfFilict welded
Al Socket welded
i3 Lap joint

Weight

The weight you provide should be the total weight of flanges, i.e., if there are two flanges the
weight should be the weight of two flanges.

Gasket Diameter

The gasket diameter is used in calculating equivalent flange pressure in the flange report.

Allowable Pressure

CAEPIPE provides an approximation for the tendency of a flange to leak by calculating an
“equivalent flange pressure” and comparing it to the (user-input) allowable pressure for the
flange in the flange report. Often, the allowable pressure may be conservatively set to the
flange rating. The allowable pressure can come from B16.5 (or a similar standard) for the
flange class, material, pressure and temperature.

Flange Library

You may access the flange library by clicking on the Library button of the flange dialog. The
default weight in the Flange Library is for two Flanges. However, each library dialog has an
option to include weight for a single flange. See checkbox in the Flange library dialog below
to include weight for a single flange.
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Flange

ANSI Library
Flange Library |
Size = 8"

Fiating w'eight [|b]
150 a4

300 152

400 203

B0 274

a0n 444

15800 ERA

2800 1384

YWeight iz of 2 flanges
e

k. I Cancel I

European Library

Flange Library |

Size =8"
Rating Wwieight [lb]
PM1E 485
PH25 74,96
PH40 94.8
PHE4 15388
P00 2328

Wwieight iz of 2 flanges

r |nzlude weight far
zingle flange

0k, I Cancel

The defanlt weight in the library is the weight of two weld neck flanges (including bolts).
Flange Report

=E= Caepipe : Flange Report - [complex]_reg [C:\Uszers\S... =] E3

File Results Wiew Options Window Help

S EEE ad=e

Bending | &xial | Gazket |Flange |Alowable | Flange
# |Mode | Pressure | moment | force | diameter | Pressure | Pressure | Pressure
[psi] [ft-Ib] (6] [inch] [psi] [psi] Allowable

1 |40B [200 20761 | 11583 |6 E424 3000 2161
2 408 (200 3238 15811 |75 5092 5000 1.018
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Flange

CAEPIPE lists every flange in a model in the flange report. The “Flange Pressure” is an
equivalent pressure calculated from the actual pressure in the piping element, the bending
moment and the axial force on the flange from the first operating case (W+P1+T1), as
follows:

16 x BendingMoment N 4 X AxialForce
7 X Gasketdia® 7 X Gasketdia?

FlangePressure = Pressure +

The Gasket diameter is at the gasket loading location (if it is not input, it is conservatively
assumed to be the internal diameter of the pipe).

The above shown equation is based on the article NC3658.1 of ASME Section III Class 2,
1992 or later editions, around page 176. The computed equivalent flange pressure is
compared with the allowable pressure.

If you have input more than one temperature load, the flange equivalent pressure is
calculated for all the applicable operating load cases, the worst of which is reported in the
Flange report.

A flange report is generated even when no piping code is chosen. The flange report is shown
in the results.

Suggestions for dealing with high flange pressure to allowable ratios

The Flange report in the CAEPIPE results window shows the loads at each flange location
for the operating case (W+P+T).

The “equivalent” flange pressure is the sum of three terms from the flange equation as
shown above. The last column in the Flange report shows a ratio of this equivalent flange
pressure to a user-input allowable pressure. This ratio is flagged in red when greater than 1.0.

There are several ways of dealing with a high ratio, as suggested below.

e Ensure that you input an allowable pressure for the flange by looking up B16.5 or a
similar code (as a function of design temperature and pressure).

e The equation from the previous page is generally regarded as a conservative equation.
Being so, you can discard the axial stress term in it to arrive at a new “equivalent flange
pressure.” This should be done outside CAEPIPE, maybe in a spreadsheet program.

e If the fluid within the pipe is non-hazardous, you can increase the allowable pressure by
10-20%, depending on your judgment.

e Since a flange is unlikely to fail by collapse, the key idea of the flange report is to
“quantify” the tendency of a flange to leak its contents. Engineering judgment will play an
important role in interpreting this report.

e If none of the above work, then you will have to reduce the bending moment at those
flange locations. Be sure to examine all load cases, but frequently the excessive moments
come from the expansion case. If so, consider introducing loops, bends and offsets as
required.
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Flange and Bolt Stresses

Flange joints are essential components in all pressurized systems; they are also one of the
most complex. Many factors are involved in determining the successful design and operation
of a bolted flange joint service, namely, the interaction between the bolting, flange, and
gasket as well as important non-linear variables such as friction and gasket properties. The
Pressure Vessel and Piping Codes were developed with safety in mind; they provide a
method for sizing the flange and bolts to be structurally adequate for the specified design
conditions.

This Flange module implemented in CAEPIPE addresses the design rules contained in the
ASME Section VIII, Division 1, Appendix 2 on bolted flange connections with gaskets.

These design rules will help you to obtain better insight into a flange joint's tendency to leak,
beyond that provided by the rudimentary (yet indicative) flange report produced by a piping
analysis, as seen in the earlier topic. You can examine the flange and bolt stresses arising
from the bolt tightening loads required for a leakage-free joint.

This module assumes that you already have flanges and gaskets picked out for your system
and performed a piping flexibility analysis using them, which will have produced a flange
report as shown below.

=i Caepipe : Flange Report - [complex]1._res M=l E3
File Resulks Miew Options  SWindow  Help

S EEE e® i=e

Bending | Axial | Gazket |Flange |Allowable | Flange
# |Mode | Pressure | moment | force | diameter | Pressure | Pressure | Pressure
[psi] [ft-Ib] lb] |[inch] [pai] [pai] Allowable

1 |40B (200 14861 |B242|E 4541 3000 1.514

2 (404 (200 16361 |B334 (7.5 2714 5000 0543

Note that this flange stress module to calculate flange and bolt stresses is separate from a
piping model file and can be accessed from File Menu > Open/New command.

Because this module accepts axial load and bending moment at a flange as input among many
others, you will need to first create your piping model that includes flanges (which you need
to validate) and generate a Flange Report as shown above. Such a report will contain the
information you can now use in the Flange stress module to calculate stresses.

When you first create a new flange model file, it comes populated with default values for a
sample flange (see example 1 later on in this topic).

Hew |

i~ Model [.mod)

" Material Library [.mat]

" Spectum Library [.zpe]
i~ Walve Libran [ val]

{” Beam Section Library [bli]

...........................................
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Flange and Bolt Stresses

=I* Caepipe : Flange Report - [Untitled]

File Edit ©ptions Help
0= &

Flange Strezs Calculation az per ASME Section ¥l Div. 1 - Appendi= 2

Flange Details:

Flange Tepe : Integral Flanges

Flange Outside Diameter [&] = 39.125 (inch)
Flange Inzide Diameter [B] = 32 [inch]

|nzide Diameter of Reverse Flange [B'] = 20 [inch]
Flange Thickness [t] = 2 [inch]

Small End Hub Thickness [g] = 0.5 [inch]

Large End Hub Thicknesz [01] = 1.125 [inch]

Hub Length [h] = 2.75 [inch)

Allowable Stregs @ Design Temp [=f] = 19600 [ps]
Allowable Stress @ Ref. Temp [sfa] = 20000 [pzi]
Modulus @ Design Temp [E] = 27.0E+E [p=i)
boduluz @ Ref. Temp [Ea] = 23.2E 46 [psi]

Bolting Information;

Bolt Circle Diameter = 37 [inch]

Murnber of Bolt: = 36

Bolt Diameter = 1 [inch)

Allowable Stress @ Ref. Temp [ga] = 26000 [psi]
Allowable Strezz & Design Temp [sh] = 25000 [psi]

Gazket Information:

Gazket Outzide Diameter = 35.5 [inch)
Gazket Inner Diameter = 33.5 [inch)
Leak Presgure Ratio [m] = 3.00
Gazket Seating Stresz [w] = 10000 [psi]
Facing Sketch =1

Facing Caluran = 1

Load Data:

Deszign Pressure = 414 [pzi]
Dezign Temperature = 500 [F)
Aial Force = 1000 [Ib]
Bending Moment = 200 [ft-1b]
Allowable Pressure = BEG [pai]
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Flange and Bolt Stresses

Double-clicking anywhere in the previous screen (or Edit menu > Edit (Ctrl+E)) opens a
dialog with input fields (with default values) you can edit. You will need to enter all of your
flange data in this dialog. A legend of the different parameters you see here are explained in
detail in Appendix F of this manual.

Flange Model K E3 |

Flange Details I Bolt and Gazket Details | Load Data I

Flarge Type ([ ENRERRE

Flange Outzide Diameter [A] Loose Flanges With Hubs
Looze Flanges without Hubs

Flange Inzide Diameter [B] | Optional Flanges
Reverse Flahges

Flange Model EHE |

Flange Details | Bolt and Gasket Details I Load Drata I

Flange Type
Flange Outzide Diameter [A] |SEI_‘I 25 [inch]
Flahge Inzide Diameter [B] |32 [inzh)
Inzide [lia of Reverze Flange [B'] |2I:I [inch)
Flange Thickness [t] |2 [inch]
Small End Hub Thickness [g0] ||:|_5 [inch)
Large End Hub Thickness [a1] [1.125 finch]
Hub Length [k] |2_?5 [inch]
Allowable Stress & Degign Temp |1 9600 [p=i]
Bllovable Strezs @ Ref. Temp |2EIEIEIEI [psi]
Modulus @ Design Temp  [27.0E+6 [psi]
Modulus @ Ref. Temp |29, 2E+6 [psil

F. I Cancel

Required flange input information is organized into three Property tabs — Flange Details,
Bolt and Gasket Details, and Load Data, the last of which accepts data from a piping model’s
Flange Report. Once all the data is input, save the model (flange model filenames will have a
flg extension). Now, select File menu > Analyze to calculate flange stresses, which will be
shown right below the input information.
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Flange and Bolt Stresses

=E: Caepipe : Flange Report - [sample.flg [C:\Uzers\ShpOffic... =] Ed

File Edit ©ptions Help
O =
Flange Equivalent Pressure az per MC3658.1 of ASME Section Il Clags 2 =

Equivalent Preszure = 415 [pzi]
AMS| B16.5 Flange Allowable Pressure R ating = 665 [psi]

Stress Safety Factor: [|If greater than one, then joint failure iz predicted)
Equivalent Pressure / Allowable Pressure = 0.62

Flange Strezses az per ASME Section V. Div. 1 - Appendix 2
According to 5-2[d] of Appendix S5, Rigidity factors [J] should be < 1.0,

ASKME Rigidity Factar \)', Operating Caze = 1.017185
ASME Rigidity Factor \', Seating Caze = 0.994627

J < 1.0 minimizes the possibility of llange leakage.
Calculated Streszes az per ASME Section Y. Div. 1

Flange Strezses [psi] - Operating Condition

Calculated  Allowed Ratio Statuz
Longitudinal Hub [SH) 24152 29400 0.821 QF,
Radial Flange [SR) 11540 19600 0.591 14
Tangential Flange [ST] 7232 13600 0369 k.
05(5H + 5R) 1787 19600 naz ]
05[SH +5T) 15692 19600 0.am ak.
Bolt Stress 24673 25000 [0.987 QF,

Flange Stresses [psi] - Gasket Seating Condition

Calculated  Allowed Ratio Statusz
Longitudinal Hub [SH) 15269 30000 [0.509 14
Radial Flange [SR) FA27 20000 [.36E QF.
Tangential Flange [5T] 4572 20000 0229 k.
05(SH + 5R) 11298 20000 0.5E5 ak.
05[5H +5T) 9921 20000 0.436 ak.
Bolt Strezs 19482 25000 0.779 O

There are three main sections in the shown results:

e Flange Equivalent Pressure (same as the one shown in piping model results > Flange
Report),

e Flange stresses in the Operating condition, and

e Flange stresses in the Gasket seating condition
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Flange and Bolt Stresses

Flange Stress Module Menus

Use these numbers in accordance with the ASME Section VIII publication and your
engineering judgment to qualify these flanges for use in your piping systems.

File Menu

=I* Caepipe : Flange
File

MeEw., .. Ckel+I
Cpen. .. Chrl+0
Close

Save Chrl+5
Save Bs...

Analyze

Print. .. Ckrl+P
Exit alt+F4

Analyze command calculates the flange and bolt stresses and compares them to the input
allowable stresses.

=i Caepipe : Flange
File Edit ©Options H

T, CErlHr
CpEM.., Chrl+O
Close

Save Chel45
Save As,..

Analvze

Prink. .. Ckel4+P

Exit Alt+F4

You can print a Flange Report by using the Print command. You can also preview the report
by clicking the Preview button on the print dialog.
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Flange and Bolt Stresses

FI- Caepipe : Print Preview. Page 1 [of 2]

File W%iew Options Help

Frint |Prev F'agel Mext F'agel Cloze |

Caspipe

Flange Stress Calculation as per ASME Section Y11, Div. 1 - Appendix 2

Flange Details:

Flange Type : Integral Flanges

Flange Cutside Diameter [&] = 39.125 (inch)
Flange Inzide Diameter [B] =32 (inch)

Inside Diam eter of Reverse Flange [B'] = 20 (inch)
Flange Thickness [t] = 2 (inch)

Small End Hub Thickness [g0] = 0.5 (nch)

Large End Hub Thickness [g1] = 1.125 (inch)

Huk Length [h] = 2.75 (inch)

Alovable Stress @ Design Temp [=f] = 13600 (=)
Alovable Stress @ Ref. Temp [sfa] = 20000 (ps)
Modulus @ Design Temp [E] = 27 0E+6 (psi)
Modulus @ Ref. Temp [Ea] = 29.2E+6 (psi)

Bolting [nform ation:

Bolt Cirde Diameter = 37 (inch)

Mumber of Baolts = 36

Bolt Diameter = 1 (nch)

AMlovable Stress @ Ref. Temp [sa] = 25000 (psi)
Aloveable Stress @ Design Temp [sh] = 25000 gosi)

Gazket Infarmation:

Gazket Outside Diameter = 35.5 (inch)
Gazket Inner Diam eter = 33.5 (inch)
Leak Pressure Ratio [m] =300

Gasket Sesting Stress [y = 10000 (psi)
Facing Sketch =1

Facing Column =1

Load Drata:

Design Pressure = 414 (psi)
Design Temperature = S00(F)
Axial Force =1000 (k)
Bending Mament = 200 (ft-k)
AMlovable P ressure = BES (psi)

Flange Equivalent Pressure as per MC3628 .1 of ASME Section [l Class 2

Equivalent Pressure = 415 (psi)
ANMEl B16.5 Flange Allowable Pressure Rating = 665 (psi)

Stress Safety Factor: (If grester than one, then joirt failure iz predicted)
Equivalert Pressure ! Mlowskle Pressure = 062

Flange Stresses asper ASME Section Wl Div. 1 - Appendix 2

According to 5-2(d) of Appendix S, Rigidity factors (1) should ke < 1.0,

ASME Rigidity Factor 'J', Operating Case =1.017185
ASME Rigidity Factor'J', Seating Case =0.534627

J = 1.0 minimizes the possibility of flange leakage.

Calculated Stresses as per ASME Sedion Il Div. 1

Flange Streszes (p=i) - Operating Condition

“ersion 6.51 Untitled Jun 1413

Edit Menu

You can edit the Flange, Bolt, and Gasket Details, as well as Load Data by clicking the Edit
command.

Mear

Edit Ckrl+E
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Flange and Bolt Stresses

Flange Model Window

You can edit the Flange, Bolt, and Gasket Details, as well as L.oad Data by clicking the Edit
command.

Flange Details Tab

Modify the flange details using this window.

Flange Model (7] |
Flange Detailz | Bolt and Gasket Details | Load Data |
Flange Type IIntEgraI Flanges j
Flange Outzide Diarmeter [4] |39_1 25 [inch]
Flanhge Inzide Diameter [B] |32 [inch]
Inzide Dia of Reverze Flange [B'] IEEI [inch)
Flarge Thickness [t] |2 [irch]
Small End Hub Thickness [g0] ||:|_5 [inch)
Large End Hub Thickness [a1] {1.125 finch]
Hub Length [k] |2_?5 [inzh]
Allowable Strezs @ Dezsign Temp |1 9500 [pzi]
Allowable Strezs & Ref. Temp |2EIEIEIEI [pei]
toduluz @ Design Temp |2?_|:|E+E (]
Modulus @ Ref. Temp |29, 2E+5 [psil
| k. I Canzel
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Flange and Bolt Stresses

Bolt and Gasket Details Tab

Modify the bolt and gasket details using this window.

Flange Model EHE |

Flange Detail; Bolt and Gasket Details | Load Datal

— Balting Infarmatiarn

Balt Circle Diameter |3? finch)
Number of Bolts |36
Balt Diameter |1 j

Allowable Stregsz @ Dezign Temp | 25000 [psi]
Allowable Stress & Fef. Temp | 25000 [p=i]

— Gasket Information
[G.asket Outer Diamneter |35.5 [ineh]
Gasket Inner Diameter |33_5 [itich)

Leak Pressure Fatio [m] |3_|:||:|

Gazket Seating Stress [i] |1 Qoo [p=i]

Facing Sketch |'|

Facing Colurmn |1

| 2k I Canzel
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Flange and Bolt Stresses

Load Data Tab

Modify the load data using this window.

Flange Model HE |

' Flange Detailsl Eolt and Gasket Details  Load Data |

Dezign Prezsure |41 4 [psi]
Dezign Temperatune IEI:IEI [F]
Axial Force |1 0oo ([}

Bending Moment |2|:||:| [Ft-IE]
Alloveable Preszure IEEE [psi]

| ok I Cancel

Options Menu

Qpkions

nits, .. Crrl+0
Fonk. ..

See Units in the Layout Window Options Menu section at the beginning of this manual.

See Font in the Layout Window Options Menu section at the beginning of this manual.
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Flange and Bolt Stresses

Sample Problem

Problem 1:

(Example on page 19 Chapter 40 “Bolted-Flange Joints and Connections” by William J.
Koves on “Companion Guide to the ASME Boiler & Pressure Vessel Code” by K .R. Rao
[2001], American Society of Mechanical Engineers, U.S.)

Flange Details:

Flange Type : Integral Flanges

Flange Outside Diameter [A] = 39.125 (inch)
Flange Inside Diameter [B] = 32 (inch)
Flange Thickness [t] = 2 (inch)

Small End Hub Thickness [g0] = 0.5 (inch)
Large End Hub Thickness [g1] = 1.125 (inch)
Hub Length [h] = 2.75 (inch)

AlL Stress @ Design Temp [sf] = 19600 (psi)
AlL Stress @ Ref. Temp [sfa] = 20000 (psi)
Modulus @ Design Temp [E] = 2.7E+7 (psi)
Modulus @ Ref. Temp [Ea] = 2.92E+7 (psi)

Bolting Information:

Bolt Circle Diameter = 37 (inch)

Number of Bolts = 36

Bolt Diameter = 1 (inch)

AlL Stress @ Ref. Temp [sa] = 25000 (psi)
AlL Stress @ Design Temp [sb] = 25000 (psi)

Gasket Information:

Gasket Outside Diameter = 35.5 (inch)
Gasket Inner Diameter = 33.5 (inch)
Leak Pressure Ratio [m] = 3.00

Gasket Seating Stress [y] = 10000 (psi)
Facing Sketch = 1

Facing Column = 1

Load Data:

Design Pressure = 414 (psi)
Design Temperature = 500 (F)
Axial Force = 1000 (Ib)
Bending Moment = 200 (ft-1b)
Allowable Pressure = 665 (psi)
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Flange and Bolt Stresses

Comparison of Results

Flange Stresses Text Book Results CAEPIPE | CAESARII
(psi) (psi) (psi)

Operating condition
Longitudinal Hub (SH) 24150 24152 24227
Radial Flange (SR) 11590 11590 11636
Tangential Flange (ST) 7230 7232 7205
0.5(SH + SR) 17870 17871 17932
0.5(SH + ST) 15690 15692 15716
Gasket Seating Condition
Longitudinal Hub (SH) 15270 15269 15292
Radial Flange (SR) 7330 7327 7345
Tangential Flange (ST) 4570 4572 4547
0.5(SH + SR) 11300 11298 11318
0.5(SH + ST) 9900 9921 9920

Legend for the different parameters and more examples are given in Appendix F.

245



Force

External forces and moments on the piping system in the global X, Y and Z directions may
be input at any location. Type “fo” in the Data column or select “Force” from the Data

Types dialog.

Data Typesz |

™ Anchar " Hanger i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

™ Conc. Mass " JacketEnd Cap © Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
" Flange £ Nozzle " User Hanger

(+ Force " Restraint ™ User 5IF

" Force Sp. Load € Rod Hanger = wield

" Guide " Skewed Restraint © Generic 5upport
ITI Cancel

The Force dialog is shown.

Forcestnoders K|
F Fr F<

| | | (I

b by Mz
| | | [ft-Ih)
& Addtow+P  C Addta Tl Addta T2
" Addio T3 C Addto T4 Addio TS
" Addio TG  AddtaT?  C Addio T8
" Addio TS ¢ Addto T10

] I Cancel

If you select “Add to W+P”, the specified forces and moments are applied to the sustained
and operating load cases.

If you select any of the thermal cases (“Add to T17”, “Add to T2”, “Add to T3”, all the way
up to “Add to T10”), the specified forces and moments are applied to the selected thermal
load case (T1/T2/T3) and its operating load case counterpart (for e.g., T1 and W+P1+T1,
or T2 and W+P2+T2, or T3 and W+P3+T3).

You may use this data type to apply external forces and moments (from other sources) on
specific nodes. Or, you may use this to apply the pre-calculated relief valve force at the end
of a valve. If you use it for the latter, then input:

1. A dummy 0.01g-load, under menu Load > Static Seismic

2. Check the Static Seismic case for analysis under menu Load > Load Case
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Force

Upon analysis, you may study the effect of the relief valve force under the occasional stresses
— which are due to the combination of Sustained and occasional loads (relief valve force) as
most B31.x Codes stipulate.
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Force Spectrum

Force spectrum analyses (different from harmonic analyses) are generally performed to
determine the response of the piping system to short-duration impulsive loads such as fluid
hammer, safety relief valve (SRV) and slug flow loads. For an actual short-duration impulsive
dynamic load exerted on a piping system, a fluid transient analysis is first carried out in order
to arrive at the “time-history loads” (i.e., force vs. time) acting in the three global directions
(namely global X, Y and Z) at all affected points in the piping system. The time-history load
sets so computed are then applied, one time-history load set at a time, on a single degree-of-
freedom (dof) spring-mass system with a pre-set natural frequency, to determine the
maximum dynamic response of this single dof system with that natural frequency. Such
dynamic analysis for that time-history load is repeated on the same single dof system with
different pre-set natural frequencies. The force spectrum for that time-history load would
then be a table of maximum dynamic response computed for the single dof system with
different natural frequencies. In other words, the force spectrum is a table of force spectral
values vs frequencies that captures the maximum intensity and frequency content of that
time-history load. Similarly, force spectrum tables are determined for all other time-history
load sets. The above force spectrum tables (i.e., maximum dynamic force vs frequency) are
then applied as inputs at the respective piping nodes of the CAEPIPE stress model to
compute displacements, forces and stresses.

For any piping system, there are as many natural modes of vibrations as the number of
dynamic degrees of freedom for that system. The force spectral value corresponding to a
natural frequency of the piping system is arrived at by interpolating the force spectrum vs
frequency table as determined above. For better understanding, as an example, refer to the
graph shown next as well as the natural frequencies computed for a piping system at 10 Hz,
14 Hz, 21 Hz, 29 Hz and 33.8 Hz.

1800
1600 /
1400

1200 /

é 1000
g 800 —- Force (Ibs)
“ 600
400
200
0 frequency (Hz)

13 15 20 25
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Force Spectrum

From the above graph, to arrive at a force value corresponding to a natural frequency of 14
Hz, CAEPIPE interpolates the force spectral values between 13 and 15 Hz. Similarly, to
arrive at a force value corresponding to a natural frequency of 21 Hz, CAEPIPE interpolates
the force spectral values between 20 Hz & 25 Hz. Since force spectral values above 25 Hz are
not defined in the graph shown above, CAEPIPE arrives at a force value of 1650 Ib. (i.e., the
spectral value corresponding to the maximum frequency of 25 Hz in the above plot) even for
natural frequencies of 29 and 33.8 Hz. Similarly, CAEPIPE arrives at a force value of 900 Ib.
for a natural frequency of 10 Hz (i.e., the spectral value corresponding to the minimum
frequency of 13 Hz in the above plot).

If only one set of force versus frequency is input (for example, 1000 1b. at 14 Hz) in the force
spectrum table for your model, CAEPIPE applies the same force (1000 Ib.) for all natural
frequencies computed for that piping system. Note that the displacement produced at a node
will remain unchanged even when the sole frequency in the force spectrum table is changed
from 14 Hz to any other frequency.

Here, the results of the modal analysis are used with force spectrum loads to calculate the
response (displacements, support loads and stresses) of the piping system. It is often used in
place of a time-history analysis to determine the response of the piping system to sudden
impulsive loads such as water hammer, relief valve and slug flow. The force spectrum is a
table of spectral values versus frequencies that captures the intensity and frequency content
of the time-history loads. It is a table of Dynamic Load Factors (DLF) versus natural
frequencies. DLF is the ratio of the maximum dynamic displacement divided by the
maximum static displacement. Note that Force spectrum is a non-dimensional function
(since it is a ratio) defining a curve representing force versus frequency. The actual force
spectrum load at a node is defined using this force spectrum in addition to the direction (FX,
FY, FZ, MX, MY, MZ), units (Ib, N, kg, ft-Ib, in-Ib, Nm, kg-m) and a scale factor.

The Force spectrums are input from the Layout or List menu: Misc > Force spectrums.
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Force Spectrum

Fi- Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPE:... =] E3

Fle Edt View Options Loads | Misc Window Help
e d&E | | Coordinates Chrl+Shife+C

Element bypes,..  Ckrl+Shifk+T

# |Mode | Type |D>< [ft'in"] | DY IfY  pata bvpes... Ckrl+Shift+D
1 | Title = Sample problem Check Bends
2 |10 From Check Connections
3 |20 |Bend | 30" Materials Chrl+-Shift-+M
4 |30 Sections Ctr+5hift+5
(3 |40 |Berd Loads Chrl+-Shift-+L
& |0 B Beam Materials
?— 6" std pipe Eeam Seckions
E_ 30 From Beam Loads
9 (&0 B0
(70 |Valve | 20" ALl
? a0 B Cnmpressurs

Turbines
12l

Specktrurns
] Time Functions g
— Soils

The Force spectrum list appears.

B Caepipe : Force spectrums (1] . [E=] B3

File Edit Wwiew Options Misc Window Help

HIEN=RE-NCY

# |Mame # | Frequency | Spectim
[Hz] walue

0 1]

1071.57
1654.55
1730.73
164691
1544.29
1431.83
1315.82

1 |Relief valve load

=l M L

Enter a name for the force spectrum and spectrum values versus frequencies table. In
addition to inputting the force spectrum directly, it can also be read from a text file or
converted from a previously defined time function.
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Force Spectrum

To read a force spectrum from a text file:

use the List menu: File > Read force spectrum.

i- Caepipe : Force Spectrums (1] ... =] E3

File Edit Miew Options Misc Window Help

Read Force spectrum... |

Conwert time Funckion, .. k
Expart... S pectium
vallie
Prinik. .. kr|+P ]
[2] ERE [1071.57

The text file should be in the following format:

Name (up to 31 characters)

Frequency (Hz) Spectrum value
Frequency (Hz) Spectrum value
Frequency (Hz) Spectrum value

The frequencies can be in any order. They will be sorted in ascending order after reading
from the file.

To convert a previously defined time function to force spectrum:

use the List menu: File > Convert time function.

~i- Caepipe : Force Spectrums (1) . =] E3

File Edit Miew Options Misc Window Help

Read Force spectrum. .,
Conwert time Funckion, ..
Export...

Prink. .. Ckrl+P 0
ER ERE |1071.57

The Convert Time Function dialog appears.

Convert Time Function E |

Time function name

A elief Y avle Load

Farce spectrum name IHeIief Wavle Load

b aximnum frequency I'I Qo [Hz]

Murmber of 100

D amnping |5 [*]
] I Eanu:ell
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Force Spectrum

Select the time function to convert from the Time function name drop down combo box.
Then input the Force spectrum name (defaults to the Time function name), Maximum
frequency, Number of frequencies and the Damping. When you press Enter or click on OK,
the time function will be converted to a force spectrum and entered into the force spectrum
list.

The time function is converted to a force spectrum by solving the dynamic equation of
motion for a damped single spring mass system with the time function as a forcing function
at each frequency using Duhamel’s integral and dividing the absolute maximum dynamic
displacement by the static displacement.

Force Spectrum Load

The force spectrum loads are applied at nodes (in Data column in Layout window). At least
one force spectrum must be defined before a force spectrum load at a node can be input.

To apply the force spectrum load at a node click on the Data heading or press Ctrl+Shift+D
for Data Types dialog.

Data Types |

i~ Anchor £ Hanger ™ Snubber
" Branch SIF " Hamonic Load  © Spider
™ Conc. Mass " JacketEnd Cap © Threaded Joint
™ Constant Support © Limit Stop = Time Yamying Load
= Nozzle " User Hanger
" Restraint ™ Uszer SIF
" Fod Hanger ™ wield
i~ Guide " Skewed Restraint © Generic Support

] I Eancell

Select “Force Sp. Load” as the data type and click on OK. This opens the Force Spectrum
Load dialog.

Force Spectrum Load at node HE

it I (Ib] - I

Force I Relief Vavle Load j

Scale Factor |1
(] I Cancel |

Drirection |[E

Select the direction, units and force spectrum using the drop down combo boxes and input
appropriate scale factor. The scale factor can be a scalar value, which, when multiplied by the
non-dimensional force spectrum, will give the actual magnitudes of the force versus
frequency in the global direction and unit selected in the above dialog. Then click on OK to
enter the force spectrum load at that node.
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Force Spectrum

7 | 6" std pipe

ERE N N R I R B

ENC N . | |as3 | |1 [Force spload
10|70 |valve|20" | | |53 [s |1

Input force spectrum loads at other nodes similarly. Then select the force spectrum load case
for analysis using the Layout menu: Loads > Load cases.

Load cases {5) E3 |

W Sustained [w+F]

¥ E=pansion [T1]

¥ Operating [w+P1+T1]
v todal analysis

ok | Cancel | &1 | Mone |

Note that Modal analysis and Sustained (W+P) load cases are automatically selected when
you select Force spectrum load case. The force spectrum load case is analyzed as an
Occasional load.

A Relief Valve Analysis may be performed by first obtaining the data about valve opening
and subsequent behavior, as a force versus time history profile. Enter the profile as a time
function. See under Time History Load for how to.

T
e
1

(@ (b)

Force

Time

Valve opening time  Valve closing time

Then under Force Spectrum, use “Convert time function” to convert the force-time history
profile into a Force-Spectrum. Input loads and analyze.
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From (Node)

“From” is a special Element Type used to start a new (branch) line. For a new node number,
any values you type in under the DX, DY and DZ columns are taken to be coordinates (and
not offsets). If you use “From” for an existing node number, then you do not have to specify
values for the DX, DY and DZ fields.

If you specify a new node number other than the global origin [that has coordinates (0, 0, 0)],
then you must specify the coordinates for the new node using “From” and DX, DY and DZ
tields. If you do not, then the new node number will have the same location as the node that
is the global origin.

“From” is input by typing “f” in the Type column or selecting “From” from the Element
Types dialog.

Element Types E |
i+ £rDm " Slip joint £ Cut pipe

i” Pipe " Hinge Joint " Beam

" Bend " Ball joint " Tie rod

i Miterbend © Rigid element 1 Location

= Walve " Elastic element " Comment

" Reducer " Jacketed pipe " Hydrotest load
i~ Bellows ™ Jacketed bend

] I Cancel

The first node of a model is always a fixed “From” node since you have to start the model
from a point. The DX, DY, DZ fields for this node may be left blank to mean the global
origin (0,0,0) or coordinates may be specified in the DX, DY and DZ fields to have a
nonzero reference point for the model.

Values specified for DX, DY and DZ for any other node other than a “From” node are
interpreted as offsets (not as coordinates) unless the node is suffixed with an asterisk “*”. See
the topic “Node” for more information.

It is helpful to create a model from the global origin and continue in an orderly manner from
there, especially when you plan to merge (see File menu) two models later.
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From (Node)

Example:

Fi* Caepipe : Graphics - [Sample.mod {C:\CAEPIPE . 641)]

File Wiew ©Options Window Help

& BB AU O

4] | v

Assume you had two separate models you wanted to combine later.
First model: In this first model, you would start modeling from node 10 up to node 100.

Second model: You would model from node 100 up to node 130, which is a better way to

model rather than modeling from node 130 to node 100, which would complicate the
“Merge” process.
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Generic Support

A generic data type called “Generic support” is available to define a complex support fitting
for which the support stiffnesses are obtained from an external source, using a reduced 6x6
stiffness matrix. An example would be a support assembly as shown below.

Interface Nodes (at
center of circular
clamps)

ANGLE LEGS
WITH BANDS

- LONGITUDINAL

_- CROSS BRACE BRACING

—  LEGS OF DUCT
SUPPORT

TRANSVERSE
BRACING

A reduced 6x6 stiffness matrix representative of this support at a single interface node (as
shown in figure above) will first need to be arrived at using any general purpose FEA
software package (such as ANSYS, NASTRAN, etc.) Then, those stiffness values
representing the support assembly can then be input into CAEPIPE model for further

analysis.

“Generic Support” is input by typing “ge” in the Data column or selecting “Generic
Support” from the Data Types dialog.

Data Types HE

" Anchor " Hanger ' Snubber

™ Branch 5IF " Hammonic Load ¢ Spider

" Conc. Mass " JacketEnd Cap ¢ Threaded Jaint
" Constant Support € Limit Stop £ Tiime Yaying Load
™ Flange " Mozzle " |zer Hanger

" Foice " Restraint £ User 5IF

" Force Sp. Load € Bod Hanger £ wield

i~ Guide

aF. I Cancel
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Generic Support

Generic Support at node 30 |
— araup & —roup B
|250000 {0 |0 |0 |0 [0
|25 |0 |0 |0 [-3125
|625 |o EEERE
~Units ~Group C

Group A [il/inch) 7] [2385 |0 |0
Group B | Ib/deq) vI [20833 |0
Group C I[in-ll:u’u:leg] "I |2I3833

Cancel |

Units for Groups A and C are controlled centrally through the Units command (Cttl+U in
Layout window). Units for Group B need to be set in this dialog.

Each stiffness field in the dialog is editable. The default “rigid” stiffness is shown for all the
diagonal terms. If you have a stiffness value for any of these including the off-diagonals, enter
them here (ensure units integrity).Graphically, the support is shown as a solid block (330 in
the next figure).

i= Caepipe : Graphics - [GenSupport.mod [___ =] E3
File WView Options Window Help

ol fL 1010 1020

Displacements, support loads and support load summaries are shown for this support type.
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Generic Support

=E: Caepipe : Support load summary for generic support at node 30 - [complex] . rez [v\\._. =] B3
File Results Wiew Options Window Help

S EEE a®

RN ER

Dizplacements [global] ﬂ
Load combination F<llb] |FY (bl |FZ(b] [ M [fElb] | MY [f-I0) | W [f-1B] (5 Tineh] [ inch] T2 Tinch,
Sugtained -2BE3 -75 E -16 an3 74 -0.011 |-0048 0021
Operatingl -16802 | 346 -234 - -938 -2247 -0.067 | 0.141 | -0.080
Operating2 E509 3 -30 -18 592 B05 00z2e |-0.042 0042
Operating3 25788 |66 349 -3 1033 1067 0103 |-0075 |0.058
Sustained+Settlement | -2692 -7 ] 19 723 217 0.0 |-0137 | 0.048
Operatingl +Settlement | 16831 | 103 -206 -BE -h84 -809 -0.067 | 0,052 |-0.032
Operating2+Settiement | 6480 -239 -2 17 1006 2043 Qo026 |-0131 [00E3
4 | *| 4
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Graphics Window

When you open a model, CAEPIPE automatically opens the Layout and the Graphics
windows. Many commands to manipulate the image such as zoom, turn (rotate), pan and
print are available in this window.

=I* Caepipe : Graphics - [Sample.mod [C:ACAEPIPEAGBTLM]]

File Wiew Cptions Window Help

S BE & & v

You could opt to display the image with a white background too (use menu Options >
Background > White).

When a model is opened, CAEPIPE displays the last saved model view in the Graphics

window.
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Graphics Window

Context Menu

Right-clicking anywhere inside this window displays the context menu.

kI Caepipe : Graphics - [Sample.mod [C:ACAEPIPEAGBTLM]]

File Miew Opkions Window Help

S EE a6 Q

c=20

Yiewwpoink, ..,
Zoom Al
Cenker

WI
Freeze Wi

Show, ..

Show Modes. ..
Redraw —
Render

|-|--ﬁ|3 Right-click on the mouse amawhere inside
this window to show the context menu
4] | M

In addition to a few commands constantly available on this menu, other commands appear
on the menu depending on the results item shown in the Results window. For example,
when Sorted stresses are shown, the context menu shows three commands specific to Sorted
stresses (Show Stresses, Show stress ratios and [set stress/ratio] Thresholds).
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Graphics Window

Show Stresses
Show Stress Ratios
Threshalds...

Viewpaoink. ..
Zoorm All
_enter

Turn

Freeze Yiew

Shiow, .
Show Modes., ..
Redraw
Render

Editing in Graphics Window

Clicking on an editable element or data item brings up the related dialog (same as that you
see opened in the Layout window). You can enter or modify properties inside the dialog just
as if you were editing in the Layout window. This feature gives you more flexibility during
editing your model. See next page for illustrative images.

Modified or newly entered data is immediately updated in the Layout and the List windows.
When you click on any graphics symbol, CAEPIPE automatically synchronizes the highlights
in the Layout and the List windows to the row that contains the element/data item you
clicked on, so that you see all the pertinent data about that element at the same time.

This feature works in Render mode too. Sometimes when symbols are closely grouped, you
may want to zoom in on that area before clicking on a symbol. That way, CAEPIPE presents
you the correct dialog box. Dialog boxes are opened only for elements/data that have
editable data. For example, clicking on a pipe element will do nothing but will still
synchronize the highlights anyway in the other windows to the same pipe element.

When you are viewing results, you can still click on an element/data item, except now the
data you see presented are read-only (you cannot edit them).
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Graphics Window

=" Caepipe : Graphics - [Sample.mod [C:ACAEFPIPEAGSTLM]]

File Miew Opkions ‘Window Help

S BEE a®@ & Q

§ e 20

Click on any element or data
type to edit its properties

-

Kl | 2w

Clicking on a valve (as shown above) will open the dialog in the window shown next. You
may modify any value inside the dialog and have it updated across all open windows.
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Graphics Window

=0 Caepipe : Graphics - [Sample.mod [C:ACA - IEIIE[

File Miew Opkions Window  Help

S BEE a®@ & Q

.
]
Z & s
Yalve from 60 to 70 |
Wizight Im (1)
Length I inch "

(=1yn| [inch] o0

Thickrness X |3.EIEI

Inzulation weight I'I h
Additional weight IEEI [s]]
Walve Type I vI

Offzetz of addinonal weight from center of
[ finch] DY [inch] DZ [inch)

|0 iE |0 o
(] I Eancell LiI:urar_l,ll
0.HOoO
&
T
Kl | v 4

263




Graphics Window

Hotkeys You Can Use

In addition to conventional MS-Windows hotkeys (such as Ctrl+P for Print, Ctrl+C for copy
image, etc.), you may use the following keys.

Ctrl+A
Ctrl+Shift+C
Ctrl+T
Ctrl+S
Ctrl+N
Ctrl+D
Ctrl+R

Page Up
Page Down

F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12

Zoom All

Center image around a chosen point
Turn (rotate) image

Show

Show node numbers

Redraw image

Render image

Z.oom in
Z.oom out

Move focus to Layout or List window (wherever the focus was before)
Show/Hide Dots + Numbers
Viewpoint

Previous view

Hide Current Element

Make Transparent

Freeze View

Show All

All Transparent

All Opaque

Show/Hide Selected Elements

Dynamic Resizing of Window Image

When you resize the Graphics window, CAEPIPE will automatically resize the image
proportionately isotropically. Dynamic scaling makes it unnecessary for you to “Zoom All”
every time you resize the window.
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Graphics Window

=E: Caepipe : Graphics - [Sample.mod [C:AC... =] E3

File Wiew Cptions Window Help

S OE o & & Q i

Using Scroll Thumbs

When you want to move or pan the image, simply drag the scroll thumbs in the scrollbar and
the image moves accordingly. If you have activated the Turn command (menu View > Turn,
or Ctrl+T), then the scroll thumbs when moved using the mouse will rotate the image.

Graphics Synchronization with Open Text Windows

The graphics image has a flashing cursor (such as on an anchor or bend) that always
synchronizes with the text window that has the focus. In congested models, the flashing
cursor points precisely to the location of the element you are working on by acting as a
flashing beacon. Example: Move the highlight in Layout to an anchor. The Graphics and the
List windows (if open) automatically show or highlight the same anchor.

Dynamic Updating of Data in All Open windows: Layout, Graphics and List

Example: Delete an Anchor or change a Material name in the List window. The Layout and
the Graphics windows are automatically updated immediately, showing the changes. You are
not forced to perform edits from any one given window. You can get instant feedback.

Simultaneous Visual Updates of Deflected and Mode Shapes

Simply switch between different load cases (or mode shapes) in the Results window to see
the respective deflected/mode shape change too in the Graphics window.
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Zoom Window

To enlarge an area of image, simply use the mouse to draw a window (a box) around an area
you are interested in. CAEPIPE enlarges the image (inside the drawn box) when you release
the mouse button.

=I* Caepipe : Graphics - [Sample.mod [C:ACAEPIPEAGSTLM]]
File Miew Options ‘Window Help

S OE & & & Q

.00

i Click and drag mouse to draw a window
around image that you want magnified

Trf

Kl | 2w

The zoomed image is shown next.
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=I* Caepipe : Graphics - [Sample.mod [C:ACAEPIPEAGBTLM]]
File Wiew Cptions Window Help

S OE o & & Q i

Kl | AW

Menus and Toolbar

The different menus in this window are explained in detail in the Menus section. A summary
is given here.

*I= Caepipe : Graphics
File ‘i=zw Optons  Window Help < Menubar

S EE| e & & G < Toolbar

File menu:

® You may print the image to a printer or a file (formats supported are Windows Enhanced
Metafile (EMF), Encapsulated Postscript (EPS), HPGL plot file (PLT) and AutoCAD
DXF). You can change the printer font from here.

Before printing to a printer or a file, you can change the title for the printout using the
Plot Title command. Before printing a rendered image, you may want to select a white
background and a quality of rendering (default is High). For DXF & PLT files use the
“Drawing Size” command to change size.
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View menu:

Mainly for Graphics operations (Viewpoint, Previous view and Zoom All).

Selective display of node numbers and graphic symbols makes CAEPIPE flexible and
powerful (use Show and Show Nodes commands). In addition, other standard graphical
operations such as pan, zoom, previous view, viewpoint change, center image, etc., are
available through the menus or a readily available context menu.

Selective display of elements is possible. Use the commands such as “Make Transparent”,
“All Opaque”, etc.

Render Mode: Use this mode for realistic visualization of your model using OpenGL®.

Even in this mode, you can selectively display symbols and/or node numbers. Use a
combination of Show and Show Nodes commands available in the context menu (or from
View menu). Image can be printed, too.

Options menu:

Customize the display image by choosing a display font, repositioning the Axes symbol,
and changing the size of the toolbar icons.

Window menu:

From here, you can move the focus to the text window from which it came. F2 will move
focus between text and Graphics windows. The real advantage of this hotkey (F2) is for
users who have a small monitor and work with maximized windows for input, list,
graphics and results. In such a setting, one keystroke (F2) will quickly move the focus to
another window (without having to either minimize the one where the focus is or switch
windows through the taskbar).

Help menu:

For on-line help. For on-line help and information pertaining to the remaining period of
your yearly Maintenance, Enhancement and Support (ME&S) agreement with SST.
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Guide

A guide is used in the field to control or direct pipe movement due to thermal loads.
Likewise, its CAEPIPE equivalent allows axial movement while restraining the pipe against
lateral translations (but not rotations). A guide restricts the translational movement normal to
its axis, i.e., displacements are restrained in the local y and z directions.

A guide is input by typing “g” in the Data column or selecting “Guide” from the Data Types
dialog.

Data Typesz |

™ Anchar " Hanger i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

™ Conc. Mass " JacketEnd Cap © Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
" Flange £ Nozzle " User Hanger

™ Force " Restraint ™ User 5IF

" Force Sp. Load € Rod Hanger = wield

i+ Q E: " Skewed Restraint © Generic 5upport
ITI Cancel |

The Guide dialog is shown.

Guide at node 80 EE
Friction coefficient IEI.SEIEI
Stiffnesz IHigid [Ibdinch]

Gap (0100 [inzh]

Connected to Mode I
] I Cancel |

Friction Coefficient

When a friction coefficient is entered, a nonlinear analysis is performed. In each iteration, the
friction force is calculated which is friction coefficient times the normal force (the vector
sum of y and z reaction forces). This force is applied in the local x direction opposing the
axial motion of pipe. The solution converges when the displacement changes by less than 1%
between successive iterations.

Stiffness

The default stiffness is rigid which is input by typing “r”” or “Rigid” in the Stiffness field. A
non-rigid stiffness may be entered by typing the value of the stiffness in the Stiffness field.

Gap

A clearance between the pipe and the guide, if present, may be entered as a Gap. The gap is
assumed to be symmetric about the guide axis. This gap must be closed before any restraint
forces can develop. If there is no gap leave this field blank or enter it as 0.0.
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Connected to Node

By default the guide is assumed to be connected to a fixed ground point which is not a part of
the piping system. A guide can be connected to another node in the piping system by
entering the node number in the “Connected to Node” field.

Local Coordinate System (LCS)

A guide’s local x-axis is based on the preceding element. If a preceding element is
unavailable, the following element is used to calculate the guide’s axes. The local coordinate
system (LCS) may be viewed graphically from the Guide List window using the menu: View
> Show LCS.

FB- Caepipe : Guides [1] - [complex... [[=] E3
File Edit | Wigw Options Misc  Window  Help

Graphics Fz

Viewpaoinkt,,, F4

# |Mode Previous Yiew FS =
Zoom &l Chrl+-A
1 |55
| Lisk... Zhrl4-L

| Find Mode...  Ckrl+F

R
i

Guide forces in global coordinate system are “Print(ed) to file” (in addition to forces in local
coordinate system), accessible from the Print command dialog.
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Hanger

Variable spring hangers support a specific load while allowing vertical and lateral thermal
movement from the installed to the operating condition. CAEPIPE assumes a spring hanger
to always act in the vertical direction.

Also called a “To be designed” hanger, it is input by typing “h (Enter)” in the Data column
(or typing “Han”) or selecting “Hanger” from the Data Types dialog. The Hanger dialog is

shown.

Data Typesz |

™ Anchar _ i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

™ Conc. Mass " JacketEnd Cap © Threaded Jaint
™ Constant Support © Limit Stop £ Time Yarying Load
" Flange £ Nozzle " User Hanger

™ Force " Restraint ™ User 5IF

" Force Sp. Load € Rod Hanger = wield

" Guide " Skewed Restraint © Generic 5upport
ITI Cancel |

Hanger at node 30 HE
Tupe -
MHumber of I'I

Load Variation [25 (%)
[” Hangerbelow [ Short Range

Connected ta I
k. I Cancel |
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Type

The type (i.e., manufacturer) of the hanger can be selected from the drop-down combo box
“Type.” The following hanger types are currently available:

Hanger Types
ABB-PBS Fee & Mason Nordon
Basic Engineers Flexider (30-60-120) | NPS Industries
Bergen-Paterson Flexider (50-100-200) | Piping Services
Bergen-Paterson (L) | Fronek Piping Tech & Products
BHEL Hyderabad Grinnell Power Piping
BHEL Trichy Hydra Sanwa Tekki(30-60-120)
Bortrello Lisega Sanwa Tekki(85-170)
Carpenter & Paterson | Mitsubishi (30-60-120) | Sarathi
Comet Mitsubishi (80-160) Spring Supports
Corner & Lada Myricks SSG
Dynax NHK (30-60-120)
Elcen NHK (80-160)

Number of Hangers

The number of hangers is the number of separate hangers connected in parallel at this node.
The stiffness and load capacity of each hanger are multiplied by the number of hangers to
find the effective stiffness and load capacity of the hanger support at this node.

Load Variation

The load variation (in percent) is the maximum variation between the cold and hot loads.
Typical value is 25%.

Hanger Below

Changes the graphical depiction only.

This should be used to specify whether the Hanger is connected below the pipe. Graphical
symbol changes accordingly. This selection is valid only for Hanger and User Hanger and not
for Constant Support Hanger nor Rod Hanger.

Short Range

Short range hangers are used if the available space is not enough for installing mid-range
hangers. They are considered, however, a specialty item and generally not used. If a short
range hanger is to be designed, check the Short Range check box.

Connected to Node

By default the hanger is connected to a fixed ground point which is not a part of the piping
system. A hanger can be connected to another node in the piping system by entering the
node number in the “Connected to node” field. This node must be directly above or below the
hanger node.
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Hanger Design Procedure

1. Calculate Hot Load

Hot load is the load which balances the piping system under sustained loads. To calculate
hot load, a preliminary sustained load analysis is performed in which all hanger locations
are restrained vertically. If any anchor is to be released (so that the hanger rather than the
nearby equipment takes the sustained load), it is released. The reactions at the hanger
locations from this preliminary sustained load analysis are the hanger hot loads.

2. Calculate Hanger Travel

Vertical restraints (applied in step 1) at hanger locations are removed. Released anchors
(if any) are restored. A preliminary operating load case analysis is performed. If multiple
thermal load cases are specified only the first thermal load is used for this operating load
case. The hot loads (calculated in step 1) are applied as upward forces at the hanger
locations. Vertical displacements at the hanger locations obtained from this operating
load case analysis are the hanger travels. If limit stops are present, the hot loads are
recalculated with the status of the limit stops at the end of the preliminary operating load
case. Then the hanger travels are recalculated using the recalculated hot loads.

3. Select Hanger

The hanger is selected from the manufacturer’s catalog based on the hot load and hanger
travel. The cold load is calculated as: cold load = hot load + spring rate x hanger travel.
The hanger load variation is calculated as: Load Variation = 100 x Spring rate x travel /
Hot load. The calculated load variation is checked against specified maximum load
variation. The hanger for which both the hot and cold loads are within the hanger’s
allowable working range and the load variation is less than the allowed load variation is
selected. The hanger is selected such that the hot load is closest to the average of the
minimum and maximum loads.

4. Install Hangers

If “Include hanger stiffness” is chosen in the Analysis options: The hanger spring rates
are added to the overall stiffness matrix. The hanger cold loads are used in the sustained
and operating load cases. If “Do not include hanger stiffness” is chosen in the Analysis
options: The hanger spring rates are not added to the overall stiffness matrix. The hanger
hot loads are used in the sustained and operating load cases.

For Lisega hangers, size column will report as Hanger Number, Type and Range instead of
Hanger Number, Range and Type. For example, hanger having a spring rate of 2.1 N/mm,
vertical travel of 30mm with load 440N will be reported as 21D.193 instead of 211D319.

Sustained Displacement During Hanger Selection
An Example Application

Sometimes, rotating equipment vendors (e.g. turbine vendors) require that there be no
weight load imposed on the turbine connections after welding/bolting the pipe to the nozzle
but prior to plant start-up. This can be accomplished only if the pipe is hung by variable
spring hangers like a swing at the nozzle and if the pipe end of such “hung” pipe is almost
perfectly aligned with the turbine nozzle prior to welding or bolting that pipe end to the
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turbine nozzle. In other words, the spring hangers that carry the weight of the “hung” pipe
near the nozzle are to be sized and placed such that the resulting displacements (i.e., 3
translations and 3 rotations) at the pipe end are nearly zero, so that the pipe end need not be
forcibly deformed in order to weld/bolt it to the turbine nozzle. This, in turn, makes sure
that the weight load of the pipe is not imposed on the turbine nozzle prior to plant start-up.

CAEPIPE can be used to perform the above study by carrying out the following steps.

a) During Step 1 of the Hanger Design procedure given above, release all 6 degrees
of freedom of the anchor corresponding to that turbine nozzle, so that piping
weight load will not be transferred to the nozzle during the initial Sustained load
analysis (in which all hangers are pinned, thereby restraining the pipe vertically at
the hanger locations).

b) Review the preliminary Sustained Load Displacements computed during Hanger
Selection via Results > Displacements > Mouse right click > Show sust. disp.
during hanger selection. If the Sustained Load translations and rotations at the
concerned pipe end are NOT nearly zero, try out different hanger locations till
the preliminary Sustained Load displacements are neatly zero.

¢) When the Preliminary Sustained Load displacements at the concerned pipe end
are nearly zero, the Support Loads at that Nozzle reported by CAEPIPE for
Sustained Load case would be close to zero.

In results, the sustained displacements during hanger selection when hangers are pinned can
be shown via Results >Displacements>Mouse right click>Show sust. disp. during hanger
selection.

mE- Caepipe : Displacements: Sustained [wW+P] - [Samplea.res [C:ACAEPIPEAGE1]] =] E3

File FResults Wiew Options SWindow  Help

EGEAIER e

# Dizplacements [global]
Mode | = [inch] |% inch] £ (inch] |#X [deg] | % [deg] | Z< [deg]
10 0000|0000 00000 00000 | 0oee

Previous Resulk

Shows sust, disp. during hanger selection

1 0.000
2 206 |ooo0 |0o00e |oooz |omoz |ooors |oq  onowdeflected shape
| Show animated deflected shape
3|28 0000|0007 |ooo2 00129 (00004 |00 o
4 (1000 [oooo [oood |oooz  |-oooze |ooomo |00
5 (404 (0002|0002 |0002 |ooose |ooote [ Other displacements..
E (408 |00m1 |ooo0 |oom |mooez |oom7 |q et displacement
— Previous displacement
7 |50 |oooo [ooon |oooo |oooon |ooooo (oo
g (1010 [ooo0 [0m2 |00t |-ooozo |oooos |00 Load Cases...
9 |1020 (0000|002 {0001 |-00018 00008 |pp Mt lnad case
10]1020 {0000 |ooo0 (o000 |ooooo |oooon |op Previousleadcase
Results. .,
Mext Result
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And here is the Results Window for Displacements after selecting this feature.

File Results ‘iew Opkions Window  Help

I- Caepipe : Sustained Load Displacements during Hanger Selection - [Samplea.r... =] E3

E=> Eew
# Dizplacements [global]

Mode | 2 [inch] % [inch] [£[inch] |== [deg] | %™ [deg] [ £Z [deq]
10 (0000 (0000 (0000 |00000 j0.0000 00000
204 (0000 (0000 (0000 |-07257 |0.0334 | -0.0093
20B (0000 (0000 (0000 |00000 | -000e2 |-0E993
a0 (0om -0.000 (0000 |-0.0033 |0.0000 00032
a0a (0000 {00 0000 (00009 | -00721 | 0.0000
408 (0000 (0000 (0000 (00000 |0.0000 00000
50 (0000 (0000 (0007 0.02 (00210 | 0.0002
B0 (0000 (0000 (0000 (00000 |0.0000 00000
70 (0000 (0000 (0000 (00000 00020 |-08379
a0 (0000 (0000 (0000 (00002 |o0.0000 000
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Hinge Joint

Hinge joint is an expansion joint designed to permit angular rotation in a single plane by use
of a pair of pins that pass through plates attached to the expansion joint ends. Hinge joints
are used in sets of two or three to absorb pipe movement in one or more directions in a
single-plane piping system. A pair of hinge joints, separated by a section of piping, will act
together to absorb lateral deflection. Hinge joints are designed to take the full pressure thrust.

The two sides of the hinge joint shown are joined
by hinge pins which are along the hinge axis shown
in the figure. A hinge is modeled by two nodes,
one on each side of the hinge joint. The two nodes
of the hinge joint are coincident. So, it is a zero
length element, i.e., the “From” and “To” nodes
are coincident. Hence, the DX, DY and DZ fields
in the Layout window should be left blank.

A hinge joint is input by typing “h” in the Type column or selecting “Hinge joint” from the

Element Types dialog.

Element Types E E |

i~ From ™ Slip joint

" Bipe @ Hinge Jant

{" Bend " Ball joint

i~ Miterbend " Rigid element
i~ Walve " Elastic glement

" Reducer " Jacketed pipe
i~ Bellows i~ Jacketed bend

Ok, I Cancel

" Cut pipe
" Beam
" Tie rod
" Location

£ Comment

" Hydratest load
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The Hinge joint dialog is shown.

inge jont hom 701080 A

Raotational stiffness ||— [in-lb/deq)
Rotationlimit [ (deg]
Friction torque I— [ft-Ib]
weight [ (bl

Az direction
¥ comp Y comp £ comp

| | |
ok I Cancel |

Rotational Stiffness

Also called Angular stiffness. Input the stiffness around the rotational (hinge) axis. The
stiffness value may be available from the manufacturer of the hinge joint or from test results.
Otherwise engineering judgment may be used. The stiffness values may be left blank. In that
case a very small value (1 in.-1b./deg.) is used internally to avoid dividing by zero.

Rotation Limit

Rotation limit is an upper limit on the rotation of hinge joint in the plus or minus directions.
Rotation limit of 0.0 (zero) means it is unable to rotate (i.e., it is rigid). Rotation limit of
“None” or Blank means that there is no limit.

Friction Torque

The hinge joint will rotate only if the external torque exceeds the friction torque. Beyond that
the rotation is proportional to the rotational stiffness of the hinge joint. The friction torque
value may be available from the manufacturer of the hinge joint or from test results.
Otherwise engineering judgment may be used. If you do not want friction in the hinge joint,
the friction torque value may be left blank.
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Torque

Applied Torque

Friction Torque
Stiffness (Slope)

{Applied Torque - Friction Torque)
Stiffness

Rotation =

When the applied torque is less than friction torque, there is no rotation. When the applied
torque exceeds friction torque, the rotation is calculated as shown above. When rotation limit
is reached, there is no further rotation irrespective of the applied torque. See discussion for
K,. under Ball joint for additional information.

be

Weight
This is the total weight of the Hinge joint assembly.

AXxis direction

The hinge axis is specified by the “Axis direction.” See “Direction,” for more information on
specifying a direction using X comp, Y comp and Z comp.
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Example

Assume that we had the model shown below (with an exaggerated deflection) containing 6”
piping with a pair of Hinge joints. Each Hinge joint has the following data: rotational
stiffness of 66 in.-Ib./degree, and weight of 35 Ib.

Guide
Anchor |10 20

Expansion

H Anchor

Expansion

The following steps describe the modeling procedure (with auto node incrementing, you do
not have to type in the node numbers below):

>

The first node 10 is already defined as an anchor. Press Enter to move to the next
row.

Type 20 for Node, 3’6” for DX, enter material, section and load names, Guide for
Data. Press Enter to move to the next row.

Input bend at node 30: Type 30 for Node, press Tab to move to the Type field. Type
“b” and Tab to next column to enter a bend, 2’ for DX, press Enter to move to the
next row.

Type 40 for Node, enter —1°6” for DY (as the offset from node 30 to node 40), press
Enter to complete the bend and move to next row.

Type 50 for Node. Type “h” in the Type column. This shows the hinge dialog.
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Hinge Joint

Hinge joint from 40 to 50 |

Ratational shffness IEE [in-lb/deq)
F atatiar limit I [deq]
Friction torque I [ft-I6]

Az direchion
¥ comp Y comp £ comp

Weight [35 (b

! 1

ak. I Cancel |

Enter 66 (in.-lb./deg.) for Rotational stiffness, 35 (Ib.) for Weight, 1.0 for Z comp (axis
direction), press Enter or click on OK to close the dialog. This completes the hinge input.
Since there cannot be any offsets (DX, DY, DZ) for the hinge node from the previous node,
the cursor automatically moves to the next row.

>

>

Type 60 for Node, enter —1°6” for DY (as the offset from node 50 to node 60), press

Enter to move to next row.

Type 70 for Node. Type “h” in the Type column. This shows the hinge dialog. Enter
the hinge data as before and click on OK to move to the next row.

Input bend at node 80: type 80 for Node, press Tab to move to Type field, type “b”
for Type and Tab to next column to enter a bend. Type —1’6” for DY (offset from
node 70 to bend node 80), press Enter.

Complete the model through nodes 90 and 100 similar to steps 1 and 2 above.

The Layout window is shown below:

# |Node [ Type |Dx (itin) | DY itin) | D itin') [ Mat | Sect | Loac [ Dats

1 | Title=Hinge Joint

2_ 10 Fram Anchor
13 |20 36" 1 6 |1 |Guide
4 |30 |Bend |20 1 s |1

5 |40 ' 1 |8 |1

16 |50 |Hinge

17 |50 -1'6" L

'8 |70 |Hinge

'3 |80 |Bend " 1 |6 |1

10/ 90 20" 1 6 |1 |Guide
111|100 36" 1 |6 |1 |Anchor
12
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The rendered graphics is shown below:

See under Expansion Joints for more examples.
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Use this load to analyze loading from a hydrostatic test which is performed by filling the
piping system with a pressurized fluid (typically water) to check for leaks, etc., before putting
the system in service.

During hydrotest, all hangers are assumed pinned (i.e., they act as rigid vertical supports).
The hydrotest load is defined by the specific gravity of the test fluid (1.0 for water), test
pressure and whether to include or exclude the insulation weight (because many times the
hydrotest is performed before applying the insulation).

The hydrotest load is input by pressing “h” on an empty row in the Layout window (similar

({4

to pressing “c” for a comment) or on an empty row, selecting “Hydrotest load” from the
Element Types dialog (Ctrl+Shft+T).

Element Types E |
” From " Slip joint £ Cut pipe

i” Pipe " Hinge Joint " Beam

" Bend " Ball joint " Tie rod

i Miterbend © Rigid element 1 Location

= Walve " Elastic element " Comment

" Beducer (" Jacketedpipe ' Hydrotest load
i~ Bellows ™ Jacketed bend

] I Cancel

The “Hydrotest Load” dialog appears.

Hydrotest Load E E |
Specific grawvity |1 .
Prezsure |3EIEI [psi]

™ Exclude insulation

k. I Eancell

After the hydrotest load is input by pressing Enter or clicking on OK, the hydrotest load
appears in the Layout window.

=I* Caepipe : Layout [13] - [Samplel.mod [C:ACAEPIPEAGBTLM]]

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type | DX (itin")| DY (ftin") | DZ [ftin") | Matl| Sect | Load | Data

1 | Titke = Sample problem

2 |Hydrotest load: Spec. gravity = 1.0, Pressure = 300 [psi]

3 (10 From Arnichor
(4 (20 |Bend |90 ‘ ‘ﬂES 8 ‘ 1
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If you need to modify an existing hydrotest load, double click on the row that defines the
hydrotest load to bring up the Hydrotest Load dialog. The hydrotest load is applied to the
rows that follow until changed by another hydrotest load. The hydrotest load can be constant
over the whole model or can be changed or even excluded in parts of the model.

To analyze the hydrotest load case, the Hydrotest load case must be selected using the

command Loads > Load cases from the Layout window.

Load cases [4] |
¥ Sustained [w+F]
¥ E=pansion [T1]
¥ Operating [w+F1+T1] [ Force spectum

ok | cancel | &1 | Mone

The hydrotest load case is analyzed as a Sustained load.

i- Caepipe : Layout [135] - [Hydrotest.mod [\ACDY-VISIONMANAS . =] B4
File Edit Wjew Options Loads Misc Window Help
D& & ®
# |Node|Type | D (in") | DY (iin") | DZ (ftin") | Matl | Sect | Load | Data -
1 Title = 524 Let Down Spstem
2 (10 From Anchor
3 |15 [Bend aIge C5 |16 |1E5
4 |20 |[Bend 210 270" C5 |16 |1EB
B |25 2R304 C5 |16 [1BR |Flange
B [30 Walve -3 C5 |16 |165 [Force zpload
7 |3E [Bend 2R3 C5 |16 |1EB
g |40 200 C5 |16 [165 |Hanger
9 |45 [Bend 1o C5 |16 |1E5
10 |50 [Bend Iy B C5 |16 |1EB
11 |55 120 C5 |16 [1B5 |Hanger
12 |ED B0 C5 |16 [1BB [‘weldolet
13 |EB 100 C5 |16 [1BR |Hanger
14 |70 B0 C5 |16 [1B5 [Anchor
15 [Mew piping
16 H_l,ldn:ul;est load: E;pec. g|rewitj.,I =1.0, F'réssure = 425 [psij, E:-:l:iude inéulatiun
17 (B0 From
18 |75 1'5-3/8" C5 |10 [1BR |Flange
19 |80 [Valve |27 C5 |10 [1B5 |Flange
20 |85 ['E-3/8" C5 |10 |1EB
21 |90 |Reducer| 08" C5 |12 |1E5
22 |95  |[Bend 5.5400 C5 |12 |1E5
23 1100 [Bend B3 C5 |12 |1EB
24 1105 40" C5 |12 [165 |Hanger -
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Jacket End Cap

Use a jacket end cap to rigidly connect all six degrees of freedom of the coincident nodes of
a jacketed pipe (i.e., the node on the core pipe and the corresponding node on the jacket pipe
(“J” node) are tied together so that both nodes have the same displacements and rotations).

[19%2d

A jacket end cap is input at a jacketed pipe node by typing “j” in the Data column or
selecting “Jacket End Cap” from the Data Types dialog.

Data Types |

= Anchor £ Hanger ™ Snubber

" Branch SIF " Hamonic Load  © Spider

(" Conc. Mass dacketEndCap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel

You will need this to secure the jacket pipe to the core pipe rigidly. Sometimes (depending
on the combination of restraints), you may get a “Stiffness Matrix not positive definite”
error, which may be corrected by inserting a jacket end cap.
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Jacketed Piping

Jacketed piping is used when the primary state of the pipe contents (fuel, chemicals such as
resins, etc.) needs to be maintained during transport. An outer (jacket) pipe surrounds the
inner (core) pipe that contains the fluid or the chemical. The jacket provides external heating
or cooling as required along the length of the core pipe.

The terminology used here is as follows:
o Jacketed piping refers to the entire assembly, i.e., a core pipe with a jacket on the
outside.
e Jacket pipe refers only to the outside pipe.
e Core pipe refers only to the inside pipe that contains the fluid.

In CAEPIPE, jacketed piping need only be modeled once, not twice (as in some other
programs). CAEPIPE models the outer jacket pipe along with the inner core pipe on the
Layout window. Each row defines a jacketed piping element. The jacket and the core pipes
may have different materials, sections and (P, T) loads.

Jacketed Pipe

A Jacketed pipe is input by typing “JP” under Type or selecting “Jacketed pipe” from the
Element types dialog. The material, section and load specified in the Jacketed Pipe dialog
apply to the jacket pipe while the ones mentioned on the layout row (next to offsets) apply to
the core pipe.

Element Types E |
i~ From " Slip joint " Cut pipe

" Pipe " Hinge Joint " Beam

" Bend = Ball joint " Tie rod

" Miterbend ¢ Rigid element 1 Location

" Walve " Elastic element " Comment

" Beducer % Uacketedpips " Hydrotest load

" Belows " Jacketed bend

] I Cancel

The Jacketed Pipe dialog is shown.

Jacketed pipe from 30 to 51 |
Jacket b aterial |1

Jacket Section |6

Jacket Load -
k. I Cancel |

o
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The jacket’s material, section, and load names are input here (1, 2 and 1 as shown).
CAEPIPE retains the properties of a jacket pipe until changed so there is no need to retype
the names of the jacket properties every time you input a jacketed pipe.

The ends of the jacket and core pipes need to be rigidly connected using the “Jacket End
cap” data type (see previous topic). Also, “Spiders” need to be input at locations found in the
physical assembly. You may have to break up the piping into smaller elements to insert
spiders at appropriate locations. See example given later in this section.

In case you are analyzing for wind, it may be more accurate to specify a different load for the
core pipe alone that does not specify the Wind load since the core pipe is not exposed. Same
applies to the core pipe insulation if the core pipe does not have insulation.

Internal nodes

CAEPIPE generates a “]” node for jacket pipes. For example, if you had a jacketed pipe
from node 10 to 20, CAEPIPE generates 10] and a 20] as (internal) jacket nodes (that may
be referenced on the layout screen).

These internally generated nodes may be used to specify data items such as a spider, jacket
end cap, support (hanger, restraint), forces on the jacket. See example later in this topic.

Jacketed Bend

A Jacketed bend consists of a core bend (with a straight portion) surrounded by a jacket
bend (with a straight portion of jacket pipe).

A Jacketed bend is input by typing “JB” in the Type column or by selecting “Jacketed bend”
from the Element types dialog.

Element Types E |
i~ From " Slip joint " Cut pipe

" Pipe " Hinge Joint " Beam

" Bend = Ball joint " Tie rod

" Miterbend ¢ Rigid element  © Location

" Walve " Elastic element " Comment

i Beducer © Jacketedpipe 1 Hudiotest [oad

" Belows f+ {acketed bend

(] I Eann::ell
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The Jacketed Bend dialog is shown.

Jacketed Bend at node 51 Ed |

—Jacket Core
taterial |AR3 - hd aterial

I jv
Section |6 Section I i I
I jv

Load |1 Load

ok

—Jacket Bend Radiuz [inch]— Caore Bend Radius [inch]—

¢ Lang " Long
£ Short I f* Short I
™ User " User

—Bend Thicknesz [inch]

Jacket I Core I

— Intermediate Bend Modes on Jacket

Hode I_ at Angle I [deq]
MHode I_ at Angle I [deq]

] I Cancel |

Jacket (properties)

The jacket’s material, section, and load names are input here. The properties of a jacketed
pipe are retained until changed. So, there is no need to retype the names of the jacket
properties every time you input a jacketed pipe.

Core (properties)

Presently these properties are disabled. You need to enter them on the layout row under
Material, Section and Load.

Bend radius
Separate bend radii may be specified for the core and the jacket pipes.

Note that CAEPIPE does not check for interference between the core and the jacket arising
out of differently specified bend radii.

The bend radius for the core pipe is the same as that of the jacket pipe, since the two bends
are generally concentric. Use the Render feature in the Graphics window to check visually
for interference, however.

Bend thickness

Separate bend thicknesses may be specified for the core and the jacket bends, if they are not
default jacket and core section thicknesses.
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Intermediate nodes

You can define additional nodes on the outside jacket of a jacketed bend for locating
supports. You may also use internal nodes generated by CAEPIPE. See Internal nodes
below.

Internal nodes

CAEPIPE generates “C” and “D” nodes for the Jacketed bend on the jacket at the near and
far ends of the bend. The core pipe (bend) has its own “A” and “B” nodes. Example: When
you define a Jacketed bend from node 20 to node 30, 30A, 30B (nodes on core bend), 30C
and 30D (nodes on jacket) are generated. Nodes (30A, 30C) and (30B and 30D) are
coincident only if the core and the jacket pipes have the same bend radii. See figure.

These internal nodes may be used to specify data items such as a spider, jacket end cap,
supports, forces, etc.

Split a Bend/Pipe

A jacketed pipe/bend may be split by using the Split option in the Edit menu in the Layout
window.

Contents Weight

The weight of the contents between the jacket and the core pipes is calculated in the
following manner:

(a) Twice the insulation thickness on the core pipe is added to the outer diameter of the core
pipe. (b) Area is calculated by using the above diameter (a). (c) The internal area of the jacket
pipe is calculated. (d) The area (b) is subtracted from the internal area of the jacket pipe (c)
and this result is further used to compute weight.

Jacketed Reducer
See modeling procedure in topic on the Reducer.
Example: Jacketed Pipe/Bend

The figure below shows a Jacketed pipe with a Jacketed bend (at node 20-TIP). Observe the
spider at the far end of the bend (node 20B).
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~i* Caepipe : Layout (8] - [JPIPE.MOD [M\CDV-VISIONMANASh. .. [H[=] E3

File Edit Wew Options Loads Misc ‘Window Help

CEESES BEE @&

# |Node|Type | D (fin) | DY (ftin") | DZ (itin") | Mat | Sect | Load | Data
1 |Title = Jacketed Pipe
2 (10 From
(3 |20 |Jbend |z0v 1 3 1
(4 |30 |Jpipe 30 BRERE
5 |10 |Location Anchor
E_ Z0B | Location S pider
7 |20 |Location Hanger
B_ a0 Locatian Jacket endcap
3

Outside jacket pipe (10J-20C-20D-30J)

Jacket endcap

Inside core pipe (10-20A-20B-30)

The nodes 10], 20C, 20D, 30], 20A, 20B are internally generated nodes. You may use them
for specifying data items such as spiders, supports (hanger, restraint), forces, etc.

The nodes (10, 10]), (20A, 20C), (20B, 20D) and (30, 30J) are coincident. The nodes 20A and
20B are coincident with 20C and 20D respectively only if the core and the jacket pipes have
the same bend radii.

Note that the core and jacket nodes are not connected even though they are coincident. The
pipes have to be supported and connected using supports and jacket connections. An anchor
each at nodes 10 and 10J is specified. The hanger is at node 30] since it is attached to the
jacket.

A jacket connection of the type spider at node 20B acts as an internal guide between the core
pipe and the jacket pipe, that is, it prevents any radial movement but allows sliding, rotating
and bending movement between core and jacket pipes.

289



Jacketed Piping

In case forces transmitted from core pipe to jacket through spiders are required, then spiders
specified on core pipe can be replaced by guides with “connected to” nodes specified as the
corresponding nodes on the jacket pipe.

The end cap at node 30 connects the core and jacket pipes rigidly.
Jacketed Piping Stresses/Ratios

CAEPIPE provides an option for you to display the color-coded stress/ratio contour for
jacketed piping in the graphics window context menu. The default stress contour is for the
core piping. Upon selecting the command for Jacket stresses as shown below:

Hide Stresses
Show Stress Ratios

Viewpaint. ..
Previous Yiew
ZFoom All
Center

Turn

Freeze View

Show Jadket Stresses/Ratios

Show...
Show Modes. ..
Do not render

. 2546 L-
Z *

1309

1273

636

lD
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Layout Window

The text window displayed (that contains the piping layout) when you open a piping model is
called the Layout window.

A Layout window, as the name indicates, allows you to create or modify the layout of your
piping system.

Other things you can do here are:

e Specify material types, pipe sections and loads.

e Use some graphics features (zoom all, viewpoint, etc.) to view the model.

e Define analysis options such as piping code to use, reference temperature, cutoff
frequency for mode extraction, as well as set units, etc.

e Define load cases (Sustained, Expansion, Response Spectrum, etc.) for analysis.

In the Layout window, the row you are working on is highlighted by the yellow highlight bar
(in figure below, the highlight is on the Title row). The following illustration names the
different fields in the Layout window. Presently, there are ten fields (columns) in the Layout
window.

The Header row with column headings (see “Clickable Header row” in the illustration) is a
special row that allows you to click on it to perform a related operation. For example, you
can click on Type to show Element types.

*I» Caepipe : Layout (11) - [Sample.mod (D:"kpipe'.510j)]

Fle Edt Wew Optors Loads Msc Window Help < Menubar
DEEHE BEE a® < Toolbar
# [Node [Type [Dx (i) [Dv tin") [ DZ in") [ Mat [ Sect [ Load [ Data

1 | Title = Sample problern

2 |10 Fram ‘ |Anch0r

3 |20 |Bend |90" A53 |8

(4 |30 §0" a5t (2 1 [Hanger

[5 |40 |Bend g0 Abtls |1

6 |50 60" |A55 (8 |1 |Anchor

7 | B" <td pipe 8

B_ an From I i

(3 |60 B | A53 |6 |1

0|70 |vah [0 A3 |6 |1

(11 | 60 B'0" A53 |6 |1 |Anchor

a1 | 2 3 3 3 (48 8| 7

Description of Fields (numbers in parentheses refer to numbers in the illustration above).

# (Row Number)

The first field contains the row number, automatically incremented and non-editable.

(1) Node

This is the node number field where you type in node numbers as you model the piping

system. The numbers should be numeric except when you are using internally generated
nodes (A, B, C, D, & J).

To change an existing node number, click in this field and use Backspace or Delete key. Type
in a new node number. Press Tab or Enter and confirm the change.
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You need not enter each node number. It is automatically generated when you press Tab to
move to the next field. You can set an increment under the menu Options > Node
increment command.

(2) Type

This is the element type field. An element (in-line) is a fitting or a component between two
nodes. This could be a pipe, a bend, a valve, an expansion joint or most items listed under
the Element types dialog. See a description later in this section under Element Types.

(3) DX, DY, DZ

These fields are offsets (also called relative coordinates) in the three global X, Y and Z
directions. They are measured from the previous node’s location.

Offsets are components of lengths of elements (exceptions are zero-length elements like a
ball and a hinge joint). For example, to specify the offsets of a 6 feet long pipe routed 30
degrees to global X-axis (in X-Y plane), the offsets are: DX=5.196 ft. (6 * Cosine 30°),
DY=3 ft. (6 * Sine 30°).

If the element is in a skewed direction, then calculate the X, Y and the Z components (using
basic trigonometry) and input them here, or use the Slope command to have CAEPIPE
calculate the components.

When you specify values for the DX, DY and DZ fields for a “From” element type row,
they are treated as (absolute) coordinates of the node rather than (relative) offsets from the
previous node. If the model begins at the global origin (0,0,0), you do not need to specify
coordinates for the first From node. For any other From row with a previously defined node
number, you do not need to enter coordinates either because CAEPIPE already knows the
coordinates of this node (for example, node 30 on row 8 in the previous figure).

The offsets can be negative depending on the way you route your piping.

The default number of decimals you can input for a length value is four. With an
environment variable “INCREASE_DIGITS” set to “YES”, the number of digits you can
input after the decimal can be increased to seven. This data can be printed other than to
TXT and CSV formats.

(4) Matl (Material)

Type in the material name of the material you want to use for this element. See Find and
Replace command under Layout window > Edit menu, for editing options.

(5) Sect (Section)

Type in the section name of the pipe section you want to use for this element. See Find and
Replace command under Layout window > Edit menu, for editing options.

(6) Load

Type in the load name of the load you want to use for this element. See Find and Replace
command under Layout window > Edit menu, for editing options.
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(7) Data

Use this field to enter data items at a node such as anchors, flanges, nozzles, hangers, SIFs,
etc. See Data types below for how to specify an item.

(8) Comment

You can create a comment anywhere you like in the Layout window by simply pressing “c”
(first) on an empty row. You can use this feature to annotate the model with notes.
Comments print along with the layout data so you can use this feature to document
(revisions to) the model.

You can specify a specialized form of a comment to input a Hydrostatic test load by pressing
“h” first on an empty row. The load is applied to the model from that row onwards until
modified again (in the next figure, the Hydrostatic load is applied to model from row 8
onwards).

40 Bend k0" Ab3 |8 1
&0 -B'0" A3 |8 1 Anchaor

5

B

7 |Hydrotestload: Spec. gravity = 1.0, Fressure = 300 (psi), Exclude insulation
g |30 Fram
9

1

1

]| k0" Ah3 | B 1
ofva Yalkee | 2'0" AB3 | B 1
180 0" Ab3 | B 1 Anchar

Menu bar
File Edit YWew Options Loads Misc Window Help

File menu:

e Standard file operations with a few special ones to note - Open Results (model
file(MOD) must be present for this operation), Print (to file), Analyze (model), QA
Block, Recently opened file list. You can open not only the CAEPIPE model file, but
also material and spectrum library files, and the CAEPIPE Results files.

Edit menu:
e You can edit all types of data (elements, supports, range of rows) from here. Use Ctrl T

to edit element (bend, valve), Ctrl D to edit Data (flange, anchor). You can change
properties for groups of elements, split elements and generate copies of existing rows.

View menu:

e Mainly for Graphics (Viewpoint, Previous view and Zoom All). Other functions are to
open the List window (Cttl L) by selecting one of the displayed items, and search for a
node number.

Options menu:

e For setting Analysis options such as Piping code, Reference Temperature, Pressure
correction, cutoff frequency for mode extraction, etc., set Units (SI, Metric, English or a
combination), and customize the look of CAEPIPE by choosing a display font.
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Loads menu:

e Sct the load cases for analysis, and specify loads for the model such as static seismic,
wind, spectrum, time history, etc.

Misc menu:

e View model coordinates, define/view materials, sections, loads (also for beams), pumps,
compressors and turbines, time functions and spectra.

Window menu:

e From here, you can move the focus to another window (such as Graphics or List). F2
will move focus between text and Graphics windows and F3 between open text
windows. The real advantage of these hotkeys (F2 and F3) is for users who have a
smaller monitor and work with maximized windows for input, list, graphics and results.
In such a setting, one key press (F2 or F3) will quickly move the focus to another
window (without having to either minimize the one where the focus is or switch
windows through the taskbar).

Help menu:
e Tor on-line help and information pertaining to the remaining period of your yearly

Maintenance, Enhancement and Support (ME&S) agreement with SST.
Toolbar

NEH&E EEF o

The toolbar presently is organized into three groups: File, Window and Graphics operations.

e Tile operations are New (model), Open (a model), Save (model), and Print.

e Window operations are (move focus to) Graphics window, List window, and display a
dialog of List of items to show an item in the List window.

e Graphics operations are Viewpoint and Zoom all.

In the opening window (when you first start CAEPIPE), there is a button to open the last
opened model file (hotkey: Enter). This is not available from other windows.

Hotkeys You Can Use

You can use following hotkeys in the Layout window:

Tab Move cursor from field to Home Move cursor to the first
field (left to right character in a field
Shift Tab Same as Tab but right to left ~ End Move cursor to the last
character in a field
Page Up Move highlight up one page Ctrl+Home Top of model
Page Down  Move highlight down one Ctrl+End  End of model
page
Delete/BkSp  Delete characters Arrow keys  Move highlight one
row/field at a time
Ctrl+Insert  Insert an empty row Ctrl+X Delete a row
Ctrl+Enter ~ Duplicates last layout row F1 Help
F2 Graphics window F3 List window
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Other hotkeys listed under menus.

Hotkey combination: CTRL+ENTER (for duplicating the last layout row), works for Beam
Elements (in addition to PIPE and JPIPE).

Function Keys

F1: Opens on-line help.

F2: This key moves the focus to and from the Graphics window.

F3: This key moves focus to and from the List window.

F4: Opens the Viewpoint dialog which you can set for the Graphics window.

F5: This function key restores the Graphics window to the previous graphics view.
List (Ctrl+L)

List is a powerful feature that helps you see itemized lists of information in the model. All
input data can be viewed through this command. For example, you can view all element and
data types specified in the model, list Coordinates of the nodes of the model, Specified
displacements, Nozzle stiffnesses, Branch nodes, Threaded joints, Pumps, Turbines,
Compressors, Materials, Sections and Loads, etc.

This is a useful tool to verify information after modeling is finished, for example, to check
whether all bends have the same bend radius or whether limit stops are aligned in the correct
directions or how many anchors have been specified in the model and so on.

This command is “intelligent” in that the list dialog shows only those items that exist in the
model. Consequently, List can display as small a list as in the first figure below or as
comprehensive a list as shown in the next figure.

List E|
& Anchors " LCut pipes " Loads " Soils
i~ Ball joints " Elastic elements  © Materialz i~ Specified dizpl
i~ Beam loads " Flanges i~ Miter bends ™ Spectums
" Beam materialz " Foces " Mozzles " Threaded joints
" Beam sections " Force spectiums  © Mozzle stiffnesses € Tie rods
" Beams " Foice sp loads " Pumps " Time Functions
" Bellows " Guides " Beducers " Time Warying Loads
™ Bend: " Hangers ™ Restraints " Turbines
™ Branch points " Hamonic loadz £ Rigid elements " User SIFs
™ Branch 5IFz " Hinge joints i~ Sections " Walves
" Compressors " Jacket connections { Skewed restraints © Welds
" Concen. massez  { Jacketed pipes " Slip joints " Generic supports
" Coordinates " Limit stops ' Snubbers
ITI Canicel
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Fi- Caepipe : Bellows [4] - [Bigmodel.mod [C:\software r... [Hj[=] E3

File Edit W%iew Options Misc Window Help

EED @@ 4=

Thiuzt

B |Fram|Ta |Asial Eendil—.r"ée—ﬂ—li-iﬂ:éiunal Lateral area | ‘wWeight
Ibfinch] | [in-bideq) | [indbAdeg] [ [Ibdinch] | [n2] |6

1 112 |113 |79 83 23000 J11E6 42 16
2 128 |127 [719 a3 23000 T1Ee 42 16
(3 [451 [452 |945 177 23000 19473 7.2 |23
4 |467 465 719 a3 23000 Jne 42 16

You can navigate through the different itemized lists by clicking on the two blue-colored
arrows on the toolbar.

Element types
How to input an Element

To input an element (between two nodes) in a new row, either right click in the Type field of
the row or left-click on Type (in the Header row) to display the Element types dialog (or
press Ctrl+Shft+T). Select the element you want from this dialog to insert into the model.

Element Types E |
™ From " Slip joint £ Cut pipe

" Pipe " Hinge Jaint " Beam

" Bend " Ball joint " Tie od

" Miterbend ¢ Rigid element ¢ Location

i~ Walve "~ Elastic element " Comment

" Reducer " Jacketed pipe " Hydrotest load
" Bellows " Jacketed bend

Cancel |

Notice the different types of elements available. Any of these can be input for “Type.” Some
of these are strictly not elements such as From, Location, Comment and Hydrostatic test
load but need to be input from here anyway. All of these have keyboard shortcuts. You do
not have to necessarily open this dialog to input any of these. You can type the first letter or
the first few letters (example: Be for bend, M for miter, V for valve, etc.) to input an element

type.
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Shortcut keys for Element types

b (Tab) Bend

ben Bend (no Tab required, and typing “ben” moves the cursor over to the DX field.)
bea Beam

bel Bellows

ba Ball joint

c Cut pipe (Cold spring)

e Elastic element

£ From

h Hinge joint

i Jacketed pipe

b Jacketed Bend

1 (L) Location

m Miter Bend

P Pipe (you don’t have to type this because a Pipe is the default element type)
r (Tab)  Reducer

re Reducer

11 Rigid element

s Slip joint

v Valve

t Tierod

Once input, each element name appears under the Type field. The only exception is the Pipe
element which is indicated by a blank (see the first annotated figure in this section). The field
under Type is blank on the row that contains Node 30 signifying a pipe.

How to change the Element type

If you wanted to change a Valve element to an Elastic element, then you have to do the
following: Move the highlight bar to the row that contains the Valve (or click once on
Valve). Delete the word “Valve” (Backspace) and press “E”, confirm the change;

or

Assuming the highlight is on the Valve row, click on Type (in the header row) to display the
Element types dialog and then select Elastic element from it. The Valve changes to an Elastic
element after you confirm the change.

How to change Element properties

From the keyboard: Press Ctrl+T (from anywhere on the row) to edit the element. Note: A
pipe has no editable property, and Ctrl+T does nothing.

Mouse: Right clicking on the element gives you applicable choices. For example, for a Bend,
you are shown Edit Bend and List Bends as the choices.

Notes:

1. A pipe element is the default element type. So, leave the element type field blank for that
row.
An existing element type (say, a bend) cannot be changed to a Location type.

To change the element type, you can erase (use Backspace or Delete key) the existing
element and specify a new one (using an accelerator key), or use the mouse to specify
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another element by clicking on Type in the header row. Or, use Ctrl+X to delete the
entire row.

Data types
How to input a Data item

When you want to input a support, a restraint, a flange, an SIF, etc., at a node, use the mouse
or the keyboard (several key accelerators are available to make your job easy) to open the
Data types dialog and select an item from it.

Keyboard: Press Ctrl+Shift+D to open the Data types dialog to select an item, or, type one
of the following keys (under Shortcut keys) that will automatically enter the respective Data
type (press Ctrl D to position the cursor in this field):

Mouse: To open the Data types dialog,

e Left click on Data (in the header row), or
e Right click in the Data column, or
e Sclect Misc menu >> Data Types.

Data Types |

i~ Anchor £ Hanger ™ Snubber

" Branch SIF " Hamonic Load  © Spider

™ Conc. Mass " JacketEnd Cap © Threaded Joint
™ Constant Support © Limit Stop £ Time Yarying Load
" Elange = Nozzle " User Hanger

™ Force " Restraint ™ Uszer SIF

" Force Sp. Load Bod Hanger ™ wield

i~ Guide " Skewed Restraint © Generic Support
ITI Cancel |

Shortcut keys for Data types

a Anchor (rigid)
br Branch SIF (Welding tee, Branch connection, etc.)
c (Enter) Concentrated Mass
conc Concentrated Mass
cons Constant Support
f (Enter) Flange
fl Flange
fo Force
gu Guide
ge Generic Support
h (Enter) Hanger (to be designed)
han Hanger (to be designed)
har Harmonic load

Jacket end cap

j
1 (L) Limit stop
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n Nozzle

r (Enter) Restraint (2-way), see also X, Y, Z below
1o Rod hanger

s (Enter) Skewed restraint

sk Skewed restraint

sn Snubber

sp Spider

th Threaded joint

t (Enter) Time varying load

ti Time varying load

u (Enter) User hanger
user s User SIF

W Weld

X X restraint (2-way)
y Y restraint (2-way)
z Z. restraint (2-way)

Notice the different types available. For example, press “a” in the Data field to input an
Anchor (you do not have to go through the long-winded mouse method of clicking on Data
in the header row to display the Data types dialog, and then selecting Anchor from it).

How to change the Data type

Assume that you wanted to change an Anchor to a Nozzle. Before you change an existing
Data type (Anchor), you have to delete it. A deletion cannot be undone presently.

To delete, click on Anchor, delete the word “Anchor” (backspace) and then type “n”, or
right click on the Anchor, and select “Delete Anchor.”

Alternately, with the cursor placed on the row for which you need to change the Anchor,
click on Data on the header row, and pick Nozzle and confirm the change.

How to edit the Data item’s properties
To edit properties for anchors, flanges, etc.

Keyboard: Press Ctrl+D (from anywhere on the row) to edit the item. Note: A Threaded
Joint has no editable property, and Ctrl D does nothing.

Mouse: Right clicking on the item gives you applicable choices. Example: For an Anchor,
you are shown Edit Anchor.

Notes:

1. You cannot specify a data item for a Bend, a Miter Bend or a Jacketed Bend, as the node
number is a tangent intersection point, and does not exist physically on the element.
Instead, create an intermediate node for the Bend or Jacketed Bend and then specify a
data item at the new node using Location type. You cannot create an intermediate node
for a miter bend.

2a. You can delete an existing data item at anytime:
- Use the Delete or the Backspace key to erase the item and press Enter.
- Right click on the item and select Delete Item.
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2b. Alternately, to change the data type, you can erase (use Backspace or Delete key) the
existing item and type a new one (accelerator), or use the mouse to specify another data
item by clicking on Data in the header row.

A deletion (whether a row or a field entry) cannot be undone presently.
Context Menus

Context menus (right click menus) can be found everywhere in CAEPIPE. For example,
when you right click on an Anchor, or a Bend, you are shown the following context menus.
You can perform any listed action that more than often is a shortcut (e.g., Delete Anchor or
List Anchors).

=I* Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPEAGBTLM]]

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node | Type |DX (itin")| DY (ftin") | DZ (ftin') | Matl| Sect | Load [ Data =

1 | Titke = Sample problem

2o ffen| || | | | [

3 |20 |Bend |30 #53(8 |1 Edit Anchor

4 |0 B0"  |4523[8 |1 |Han Delete Anchor
5_ 4n Bend g ARG 1 List anchars
B £ a53 |8 1 Aok List specified displ
?_ CU oA i il

FI= Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPEAGEBT1LM]]

File Edit Wiew Options Loads Misc SWindow Help

NEEHSES BEE @@

# |Node | Type |DX (itin")| DY [fin")| DZ (ftin') | Matl| Sect | Load | Data &
1 | Title = Sample problem

2 (10 [Fram Anchar

3 |20 |Bend |30" ss3la |1

4 |30 60" |a53|8 |1 |Hanger
5 a0 [Bend i pend et |asals |1

E |5B0 List Bends AR (8 1 Anchor
?_ kA mimm x

Right clicking on DX/DY/DZ shows you, for example, Insert, Delete (rows), Split (an
element ) and (specity) Slope for an element. Right click in the Matl, Sect or Load column to
see the respective context menu.
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In CAEPIPE, a limit stop is capable of modeling several types of physical supports including
a guide, an anchor, a resting support, a two-way rigid restraint and a rod hanger. Using a
combination of upper and lower gaps (limits), friction coefficient, support stiffness and a
direction for its axis, you can model the above mentioned physical support types.

A limit stop prevents a node from moving beyond a certain distance (called a gap or a limit)
in a certain direction. The node can move freely within the gap. After the gap closes, a limit
stop acts as a rigid or flexible restraint (depending on your input for stiffness) resisting
further movement of the node in the specified direction. If friction is specified, after the limit
is reached, the friction force will oppose movement in the plane normal to the limit stop

direction.
Limit Stop Node %75;:;'

/

/
YA R
O > Lower Limit

/
Upper Limit
Direction
(vector)

A limit stop is input by typing “I(L)” in the Data column or selecting “Limit Stop” from the
Data Types dialog.

Data Types [ 7] |

™ Anchor " Hanger " Snubber

™ Eranch S5IF " Harmonic Load  © Spider

" Conc. Mass ¢ JacketEnd Cap ¢ Threaded Joint
£ Time Yamping Load

™ Flange " Mozzle ™ Uszer Hanger
" Foice £~ Restraint " User 5IF

" Force Sp. Load € Bod Hanger i wield

i~ Guide " Skewed Restraint © Generic Support

k. I Cancel
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The Limit Stop dialog is shown.

Limit stop at node 30 E |

Upper limit | [inch
Lawer limit IEI.EIEIEI [inzh]
Diirection
# comp ' comp £ comp
| |1.000 |
Friction coeffizient I
Stiffnezs |Rigid [lbinch]
Connected ho I
Smial | Shear | Shear z |
aF. I Cancel | Wertical |
Limits

Also called gaps, these limits, upper and lower, are the gaps present on either side of the
node. The gap in front of the node in the direction of the vector is called the upper limit, and
the gap to the rear of the node is called the lower limit. The gap is measured from the
undeflected position of the node.

Typically, the upper limit is positive and the lower limit negative. In some situations, it is
possible to have a positive lower limit or a negative upper limit, which is the same as
forcefully displacing the node in that direction by the gap specified.

The algebraic value of the upper limit must be greater than the lower limit. For example,
upper limit = —0.125”, lower limit= —0.25”, or upper limit = 0.25”, lower limit = —0.25”.

If a particular limit does not exist (that is, a node can move freely on that side of the node),
then that limit should be left blank (as in the case of a resting support, the upper limit should
be blank assuming Y-vertical and Y comp = 1, as in the figure shown).

If there is no gap at all, then the corresponding limit should be explicitly input as zero. When
zero is entered, the limit stop acts as a one-way restraint in that direction.

Direction

The direction in which the limit stop is oriented must be specified in terms of its global X, Y
and Z components. Or use one of the preset buttons to orient the limit stop axis (see above
image):

1. Vertical: To set the axis in the (global) vertical direction
2. Axial: To set the axis along the local-x direction (pipe axis)
3. Shear y: To set the axis in the local-y direction

4. Shear z: To set the axis in the local-z direction
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If you have connected the limit stop node to another node in the same piping model, then
unless the connected node is coincident with the limit stop node, the direction must not be
input. It is calculated from the locations of the connected node and the limit stop node, and
its direction oriented from the connected node to the linit stop node.

Friction coefficient

If friction coefficient is specified, a friction force will oppose the movement in the plane
normal to the limit stop direction when the gap is closed. This friction force is displayed in
results under Limit stop support loads.

If you had several limit stops with friction coefficients specified, and you wanted to change
all of those friction coefficients to the same value, use the Change command under the Edit
menu.

Stiffness

The default is set to Rigid stiffness. Other values may be input by estimating the stiffness of
the support. (e.g., for a rod, stiffness = AE/L).

where

A = Cross-sectional area of rod
E = Young’s modulus

L = Length of rod

Connected to Node

You can connect a limit stop node to another node in the same piping model. During gap
and friction calculations, the relative displacements of the limit stop node are calculated with
respect to the connected node. If you connect the limit stop node to an external fixed point
(Ground point), leave the “Connected to Node” blank. See “Direction” above for
information about how the direction is calculated depending on whether the connected node
is coincident or not with the limit stop node.

Limit stop at node 425 |
Ilpper limit Im [inch]
Lawer limit {0,000 [inzh]
[hrechion
¥ comp Y comp £ comp
| |1.000 |

Friction coeffizient I
Stiffnesz IHigid [lBinch]
Connected ta I

Aial | Shear | Shear z |

] 8 I Cancel | Wertical |
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Connected Node

Solution procedure

Limit stops require a nonlinear iterative solution. If you specify a friction coefficient, the
following procedure is used for convergence: If the lower or upper limit is reached, the
corresponding reaction force is calculated. The maximum friction force is the product of
friction coefficient and the reaction force. The solution converges when the displacement
varies by less than 1% between successive iterations.

Limit stops are included in dynamic analysis. The status of the limit stops at arrived at upon
completion of all iterative calculations for the first operating case (W+P1+7T1) is used during
dynamic analysis. If the limit is reached at the end of iterations for the first operating case,
then the limit stop is treated as a rigid two-way restraint in the direction of the limit stop
during dynamic analysis.

Example 1: Vertical 1-way restraint

Assume that you have a vertical 1-way support with the following data: Upper limit = None,
Lower limit = 0, Friction coefficient = 0.3, Direction vector of the limit stop is vertical along
+Y axis.

Model the pipe up to the Limit stop node 30. At node 30, type “I(I)” in the Data column.
The limit stop dialog will be shown.
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Limit stop at node 30 |
Upper imit [Nore — inch]
Lawer limit {0,000 [inch]
Direction
¥ comp ' comp £ comp
| {1.000 |
Friction coefficient IW
Stiffresz |Riaid [lbinch]
Connected ta I—
Cancel | Wertical |

In the limit stop dialog, press “Vertical” button. The data is automatically entered [0.000 for
Lower limit, No Upper limit (blank), 1.000 for Y comp (vertical)]. Enter 0.3 for friction
coefficient (this acts in the X-Z plane which is perpendicular to the direction of the limit

stop).

# |Node |Type |D(ftin" | DY (itin) | DZ fitin") | Matl | Sect | Load | Data

1 | Title = Sample problem

'z (10 Fram Anchar
3 |20 10" ‘ ‘ 1|6 |1

(4 |30 | R | 1 |8 |1 [uimitstop
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Example 2: Pipe Slide/Shoe Assembly

Gap 0.25"
Figure not to scale

The assembly is modeled using three limit stops, one in each direction.

» When you start a new model file, node 10 and an Anchor are automatically input,
press Enter to move cursor to next empty row.

» Press Tab in the Node column which puts the node number 20 automatically. Type
5’ for DX, enter material, section and load names, press Enter.

» Press Tab in the Node column which puts the node number 30 automatically. Type
5’ for DX, Tab to Data column and type “I(I)”” to open limit stop dialog. Input line
stop with gap (0.5”) along X axis (Notice that this is a one-way restraint, there is only
one stop block along +X). Type Upper limit 0.5”, leave lower limit blank, Direction
as X comp =1, Y comp = 0, Z comp = 0), Friction coefficient=0.3, press Enter.
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Limit stop at node 30 |
Ipper limit IEI.EEIEI [inch]
Lower limit IN:::ne [inch]

Diirection
¥ comp Y comp £ comp

|1.000 | |

Friction coefficient IEI.SEIEI
Stiffness IFiigil:I [IbAinch]
Connected ta I

Cancel | Wertical |

» Create a limit stop in the Y direction. Type 30 for Node, press Tab to move to Type
tield, type “L” for Location, choose Limit stop from the Data Types dialog, in the
Limit stop dialog, type Upper limit = 0.5”, Lower limit = 0.0, Direction (X comp =0,
Y comp = 1, Z comp = 0), Friction coefficient=0.3, press Enter.

Limit stop at node 30 |
Ipper limit IEI.EEIEI [inch]
Lower limit IEI.EIEIEI [inch]

Diirection
¥ comp Y comp £ comp

| [1.000 |

Friction coefficient IEI.SEIEI
Stiffness IHigiu:I [IbAinch]
Connected ta I

Cancel | Wertical |

» Create a limit stop in the Z direction. Type 30 for Node, press Tab to move to Type
tield, type “L” for Location, choose Limit stop from the Data Types dialog, in the
Limit stop dialog, type Upper limit = 0.25”, Lower limit = —0.25”, Direction (X
comp =0, Y comp = 0, Z comp = 1), Friction coefficient =0.3, press Enter.
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Limit stop at node 30 |
Ipper limit IEI.25EI [inch]
Lower limit I-EI.EEEI [inch]

Diirection
¥ comp Y comp £ comp

| | |1.000

Friction coefficient IEI.SEIEI
Stiffness IFiigil:I [IbAinch]
Connected ta I

Cancel | Wertical |

The Layout window is shown below.

# |Node [Type D% (ttin') [Dv in") | Dz (i) | Matl | Sect | Load |Data

1 | Title = Fipe slide/shoe assembly

2 |10 From Anchar

3 |ao 5o 1 ] 1

l4 |30 5o 1 ] 1 Limnit stop
'5 |30 Location Lirnit stop
' |30 Location Lirnit stop

The Graphics window is shown below.
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Example 3: Limit Stop Connected to Another Node

As shown in the figure below, two 300” long cantilever pipes are connected with an 8”
separation between center lines.

Y
6.625" OD
X /

10 20
o—————1 —————————————————————————— —9-
,,,,,,,,,,,, S USSP ;

g 0.375"
‘ T
._____l —————————————————————————— —-9-
30 40

Figure not to scale §.625" OD

The gap between the bottom of the top pipe and the top of the bottom pipe is
8” — (6.625” + 8.625”) / 2 = 0.375”.

If pipes were free to deflect downward due to deadweight, the top pipe will deflect 1.908”
and the bottom pipe will deflect 1.116” at the free ends. The relative deflection between
them will be 1.908” — 1.116” = 0.792”. This however is not possible because when the
relative deflection exceeds 0.375” the pipes will touch. This situation can be modeled using a
limit stop connecting the free ends of the pipes. In this case the top pipe deflects 1.608”, i.e.,
less than the 1.908” free deflection because it is resisted by the bottom pipe. The bottom
pipe deflects 1.233”; i.e., more than the 1.116” free deflection because additional load is
imposed on it by the top pipe when they touch. The difference between the deflections is
1.608 — 1.233 = 0.375” as expected.

» When you start a new model file, node 10 and an Anchor are automatically input,
press Enter to move cursor to next empty row.

» Press Tab in the Node column which puts the node number 20 automatically. Type
3007 for DX, enter material, 6” section and load names, press Enter.

» For the bottom pipe, start with node 30 of Type “From” at DY = —8” and make it
an anchor. On the next row enter node 40 with DX = 300” and 8 section. Press
Enter to go to the next row.

» Enter the limit stop at node 20. Type 20 for Node, press Tab to move to Type field,
type “L” for Location, choose Limit stop from the Data Types dialog, in the Limit
stop dialog, leave the Upper limit blank and input Lower limit = -0.375”. Input the
Connecting Node as 40. Since this limit stop connects two nodes, the direction
should be left blank. The direction is implicitly from node 40 to node 20.
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Limit stop at node 20 |
Ipper limit IN:::ne [inch]
Lower limit I-EI.S.'-"E [inch]

Diirection
¥ comp Y comp £ comp

Friction coefficient I
Stiffness IFiigil:I [IbAinch]
Connected ta |4EI

ak. I Cancel | Wertical |

Alternatively the limit stop could be specified at node 40 connected to node 20. The
direction now would be from node 20 to 40. The limits would still be no upper limit and
lower limit = —0.375” since the direction is now reversed compared to the previous case.
Both these cases will give identical results.

The Layout window is shown below.

# |Node [ Type | D ginch) | DY (inch) | DZ tinchi [ Matl | Sect | Load [Data

1 | Title = Limit stop connected to another node

2 (10 From Anchor

3 |20 300 1 B 1

FRE Frarn -8 Anchor
'5 |40 300 1|8 |1

6 |20 | Location | | | | | | Limit stop

The Graphics is shown below.

10 20

LLIIL L
.4

30 40
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Load

Loads on a piping system can be many and varied along its routing. Different piping
segments may experience different pressures and temperatures depending on process
requirements, different loads (snow, wind, etc.) depending on their physical locations and
carry different states of a fluid between different points in a piping system. CAEPIPE offers
a flexible method to input as many loads as required for as many segments or elements as
needed with the least effort.

So, Load allows you to apply a temperature and pressure, specify weight of the fluid and add
additional weight (e.g., due to snow load) on each element (if required) or for a range of
elements in the model. Also the wind load can be turned “on” or “off” for each element (if
required) or for a range of elements in the model.

After specifying the requested information here, including a name, use it under the Load
column on the Layout window to associate the load information with an element.

Each load allows up to 10 operating conditions for Temperature and Pressure depending on
the “Number of Thermal Loads” under Options > Analysis > Temperature. This Load is
not to be confused with Load cases [which are combinations of load(s)] found under the
Loads menu in the Layout window. Load cases are analysis cases (Sustained case, Thermal
case, Operating case, Static Seismic case, etc.) for which CAEPIPE computes a set of results.

To define a new load, click on Load in the Header row in the Layout window (or select
Loads under the Misc menu, hotkey: Ctrl+Shift+L). This opens a List window that displays
currently defined loads.

i- Caepipe : Lapout [11] - [Sample.mod [C:ACAEPIPE:... =]

File Edit Wiew Options Loads Misc SWindow Help

D ES @ED a&
# |Node | Type |DX (itin")| DY (tin") | DZ [ftin') | Matl| Sect | Logd | Data

1 | Title = Click on Load above to list lnads

Fi- Caepipe : Loads [3) - [Sample.mod [C:ACAEP]. .. =] E3

File Edit %ew OQptions Misc ‘Window Help

EED @& oo

B [Mame|T1 |P1 |T2 |P2 |T3 |P3 [5Specific |Addwiat | Wind
[F1 ([p=i]l [[F1 |[[p=il[(F] |[[p=il | gravite | [IBA] Load

1 245 (800 (382 (100 (70 (25005 Y
2 382 (100 (70 [0 0 ofo nz
3|3 GO (0 70 o(0 (o na
4

—_

Either you can start typing the load data directly here into the fields or double click on an
empty row to enter data through a dialog.

Depending on the number of thermal loads specified (under Options > Analysis >
Temperature), up to 10 temperature/pressure load sets (T1/P1, T2/P2, T3/P3,...,T10/P10)
are available which correspond with the 10 operating load cases for each element.
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Load

=I= Caepipe : Loads (1) - [complex1l.mod (C:\CAEPIPE\710LM]]
File Edit View Options Misc Window Help

QA O00e=
T4 |P4 |TE |[P5 |TG

# |MName|T1 |F1 T3 [P3 PE |T7 [P7 |T8 [P8 |T9 (PS [T10|P10|Specific |Add gt |'Wind
[F] |lpsil|IF] |(psil [IF] |(p=i) |IF] |(psi) | (F) |[psil)(F] |(psil|[F] |(psi] [(F] |[psil|(F) |(psil {IF) |(psi)| gravity | (b Load
1 1500200 | 1000|350 |-100 (€00(70 (O |70 (0 |70 (0 |70 (0 |70 |0 (70 |0 (70 |0 (08 253 e

1
2

Up to 10 specified thermal displacements can be entered for Anchor and Nozzle data types.

Specified Displacements for Anchor at node 50 K |
Load # [inch] % [inch] £ [inch]l  #x[deq] Y% [deg]l ££ [deq]
T1 05

T2

T3

01 01 0.1

T4

|
|
|
|
L
|
|
|
|

TE
T7

T8
79
o

! |
! |
! |
! |
! |
! !
! !
! !
! |
! |
[E |

S ejzmic |I:|_ 2

Settlement I -0.25 I I

ok, I Cancel | [ Displacements in LCS
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Load # 1 |
Load name I'I-MG| ¥ “wind load
Temperature 1 |150 [Fl  Pressure1 |200 [p=i]
Temperature 2 |1 oo [F1  Pressure 2 |350 [pzi]

T emperature 3 |.1 an IF]
Temperature 4 I?I:I [F]
Temperature & I?‘I:I [F]

Temperature B |70 [F]

Temperature 10 I?I:I [F]

Frezzure 3 IW [psi]
Pressune 4 ID— [pzi]
Frezzure & IU— [psi]
Preszzure B IEI— [pzi]

Temperature 7 I?I:I [F] Prezzure ¥ [0 [pzi]
Temperature 8 I?I:I [F] Prezzure 8 ID [pzi]
Temperature 9 I?n [F] Prezsure 9 [0 [pzi]

Fregzure 10 IEI [ps]

Spec. gravity IEI.E

Add. weight |253 [1E:Ft)

Specific gravity iz with
respect boowater

o]

Load Name

Cancel |

Type an alphanumeric name (up to five characters) in this field. The name can be changed
later.

Temperatures

Type up to 10 operating temperatures. The maximum of the 10 temperatures is the Design
temperature, used to look up the corresponding allowable stress (§,) for the material.

The other quantities looked up using these temperatures are the thermal expansion
coefficients (alpha) and the temperature-dependent moduli.

Make sure to select number of thermal loads equal to two, three or 10 under Options >
Analysis > Temperature, when you have more than one set of temperature and pressure.

Pressures

Type up to 10 operating pressures that correspond to the 10 operating temperatures above.
The maximum of the 10 pressures is the Design pressure, used to calculate the pressure
stress term [PD /4t or Pd?/(D? — d?)], specified under Options > Analysis > Pressure.

Specify gauge pressures for Pressures input. Negative (external) pressures may be specified,
too. But, the longitudinal pressure stress term (pD/4t) will still be positive according to the
piping codes. Internal pressure will expand the pipe cross-section radially outward while
external (negative) pressure will contract the pipe cross-section radially inward due to
Poisson’s effect.
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Specific Gravity

Specific gravity is the ratio of the density of a fluid to the density of a reference substance (in
this case, water). Type in the specific gravity of content inside the pipe. This input is used to
calculate the weight of the contents, which is added to the weight of the pipe. Specific gravity
is with respect to water.

Additional weight

The value you enter here is taken as weight per unit length of the element and this total
additional weight is added to the weight of the pipe. (Total additional weight = Length x
Additional weight per unit length).

For example, this could be used to apply the weight of the snow on the pipe.
Wind load

Type Y(es) or N(o) to apply or not apply the wind load for this element. When you press
Y (es), the wind load (entered as a separate load under Loads menu) is applied to this element.
The default is Y(es).

For example, this is useful when you have a part of a piping system exposed to wind with the
remaining part inside a building. In such a case, you should define two Loads, all data the
same except that one has Wind load and the other does not. The Load with the wind load is
applied to those elements that are affected by wind.
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Local Coordinate System

CAEPIPE allows you to create your physical piping system in a mathematically equivalent
3D Cartesian coordinate space with a global origin, which is the point of intersection of three
planes orthogonal to each other, with three axes commonly denoted X, Y and Z (with either
of the latter two vertical).

Y z
z .l-i\ e by .l-i\ Y
Y Vertical 7. Vertical

Once you begin creating your system from a given point (usually the global origin), you route
your piping system one element at a time until you get to the end of the line(s). An element’s
orientation could be different from another element’s, thereby necessitating an element’s
own “elemental coordinate system,” which is commonly referred to as the Local Coordinate
System (LCS), provided for the purpose of understanding the local forces and moments on
each element. This system can be turned on (graphically) through the View menu > Show
LCS command while you are viewing “Element Forces in Local Coordinates” in the Results
window.

For a straight element (such as a pipe or a beam), the “local x” axis is along the element,
from the “From” node to the “To” node. For a node location such as a guide, the local axes
are based on the previous connected element. If such an element does not exist, the
following element is used. The local y- and z-axes are calculated differently depending on
whether the vertical direction is Y or Z and also depending on whether the element is in the
vertical direction.

The local coordinate system may be displayed graphically (for beams and guides in the input
processor and for all the elements in the output processor) by selecting the “Show LCS
(Local coordinate system)” command from the View menu.

In CAEPIPE, the local coordinate system is indicated by lower case x, y and z letters. The
global coordinate system is indicated by upper case X, Y and Z letters.

Global vertical axisis Y
Element is not Vertical

Global local
Y y

Z X \“x

The local y-axis of the element lies in the local x - global Y plane (i.e., vertical plane) and
is in the same positive direction as the global Y axis. The local z-axis is the cross product
of the local x and y-axes.
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Local Coordinate System

Element is Vertical

v local

Global
Y

T~—1

The local z-axis of the element is in the global Z direction. The local y-axis is in the
global —X direction.

Global vertical axis is Z
Element is not Vertical

Global local
zZ z

X [~

The local z-axis of the element lies in the local x - global Z plane (i.e., vertical plane) and
is in the same positive direction as the global Z-axis. The local y-axis is the cross product
of the local z and x-axes.

Element is Vertical

Z local _ y

Global
z

1

The local y-axis of the element is in the global Y direction. The local z-axis is in the
global-X direction.
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Local Coordinate System

Local Coordinate System for a Bend

For a bend, at the “From” node, the local x axis is along the tangent from the “From” node
to the tangent intersection point. The local y-axis is along the radius and points to the center
of curvature. The local z-axis is cross product of the local x- and y-axes.

Similarly, at the “To” node, the local x-axis is along the tangent line from the tangent
intersection point to the “To” node. The local y-axis is along the radius and points to the
center of curvature. The local z-axis is the cross product of the local x- and y-axes.

To

Tangent
Intersection

{in-plane)

—————— From

Center of
Curvature (in-plane)

z
(out-of-plane)
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Local Coordinate System

Element Forces and Moments

The sign conventions for the element forces and moments in the local coordinate system
follow strength of materials conventions, i.e., forces and moments are positive in the positive
local axes directions at the “To” node and they are negative in the positive local axes
directions at the “From” node.

mz
fz
To
e B ]
My, fy
fy
My

Positive sign conventions for local forces and moments are shown above at the “From” and
“To” nodes of an element. Note that positive directions at the “From” node are reversed
compared to the positive directions at the “T'o” node.
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Several times, you may need to put in more than one data item at a node, e.g., a hanger and a
Branch SIF to designate the type of tee. At those times, use Location (press “L” in the Type
field or pick Location from the Element types dialog) to input more than one data item at a
node. For example, you may want to input a force at an existing hanger (see Example 1
below) or three limit stops (in different directions) at one node. See Example 2 under Limit
stop.

Another use for Location is when you want to input a data item at an internally generated
node. Nodes are internally generated by CAEPIPE for bends (A, B nodes, e.g., 20A) and
Jacketed pipes/bends (], C, D nodes, e.g., 10]).

By design, each row in the Layout window allows only one data item to be inserted under the
Data field. Additional data items can be input only through Location.

Ensure that the node you use for Location has already been defined on an earlier row:
defined eatrlier as an intermediate node for a bend or is an internally generated node. In other
words, you cannot use Location on an undefined node.

Example 1: Pipe and Shoe assembly
See example 2 under the topic Limit Stop on page 3006.
Example 2: Data at internally generated nodes

Let us take the example given under Jacketed pipe/bend. For a Jacketed pipe, CAEPIPE
internally generates the | node on the jacket. For a Jacketed Bend, CAEPIPE generates the C
and D nodes on the jacket.

There are four data items in this example:

1. Node 10]J is the starting Jacket node which is anchored (node 10 is separately anchored,
since it is the node on the core pipe).
There is a hanger at node 30] since the hanger is connected to the Jacket.

There is a spacer (spider) at the far end of the bend, node 20B (which is on the core
pipe). Remember that the bend has a jacket on the outside.

4. Node 30 has a jacket end cap

The following sample Layout window contains all these data as Location data.
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i Caepipe : Layout (8] - PPIPE.MOD (MCDV-VISIONMANASh. ... [l[=] E3

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node|Type DX (ftin") | DY (ftin') | DZ [itin") | Matl | Sect | Load | Data
1 |Title = Jacketed Pipe
2 (10 From
(3 {20 |Jbend |30 1 3 1
(4 |30 |Jpipe 3ot 1 |3 |1
5 (10 | Location Anchor
E_ 20B | Location Spider
(7 |20 | Location Hanger
E_ a0 Location Jacket endcap
|

Example 3: Bend supported by a Hanger

See Example 6 in the Bend section for an example of using Location at an intermediate node
on p. 168.
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Material

For a project, a piping material engineer usually produces different material lists for different
process and utility systems based on process design conditions, list of components, fluid type
(corrosivity, viscosity), end conditions and temperature, pressure and size ranges.

As a result, a piping system will have its materials list, which will specify the materials a stress
analyst will have to define inside CAEPIPE before analysis. CAEPIPE is so flexible that it
allows each element (such as a pipe, beam, elbow, valve, jacket, bellows, etc.) to have its own
material definition.

Once you define and name a material type, you type in that name on the Layout window
under the column “Matl” to specify the material for an element. A material may be metallic
or not (FRP). You need to obtain properties (density, Poisson’s ratio, Young’s modulus,
mean coefficient of thermal expansion and allowable stress as a function of temperature) for
a new material not found in the supplied libraries. You will need properties for at least two
temperatures (reference and design) for each material you define. Subsequently, the
temperatures you specify for an element that uses this material must fall within this
temperature range.

The material name you specify on the layout applies to the piping element on that row. For
jacketed piping, you must specify two materials - one for the core pipe (on the Layout
window), and the other for the jacket pipe in its own dialog. The material you specify for a
bend, a jacketed bend, and for a miter bend applies only to that specific element on that
input row.

There are two ways in which you can define materials:

1. By defining a material inside the CAEPIPE model, or
2. By picking a material from an existing material library.

For the sake of convenience, we suggest that you create a separate material library for your
piping system project so that you can share it with your team members.

Below, you will see how to create a material inside a model and how to create a new or
modify an existing material library.

Define a Material inside a CAEPIPE model

From the Layout window, click on “Matl” on the header row (or select Materials from the
Misc menu, Ctrl+Shift+M).

mE= Caepipe : Layout [11] - [Sample.mod [C-ACAEPIPE:. .. =]

File Edit Wwiew Options Loads Misc Window Help

D= ES @ &
# |Node | Type | D (itin")| DY [ftin")| DZ (ftin') | Matl | Sect | Load | Data

1 | Title = Click on Matl above to lizt matenalz
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The List window for matetials is shown.

FI- Caepipe - Matenals [5] - [Sample.mod [C:A\CAEPIPEAGS1LM]]

File Edit Wiew Options Misc indow Help

BEE Q| 0w

MHame Dezcription Ty |Denzity |[Mu [Joint |Yield [# [Temp|E Alpha | Allowable
pe | [Ib/in3] factar | [psi] [F] [p=i) [indindE] | [psi]
AB3 AB3 Grade B C5(0.283 (03 [1.00 (35000 20 | 31.0E+E [B.25E-B [ 17100
106 A108 Grade C C5 (0283 (03 [1.00 (40000 7o 30.BE+E | B.40E-6 (17100
355 4335 Grade P22 [2 1/4Cr-1ko] [CS (0,283 (03 |1.00 200 |29.8E+E [6.FOE-B (17100
Bd2 Bd2 Annealed Ca (0163 (03 [1.00 |S000 300 |23.4E+E [6.90E-B [ 16EO0
TTH Titarium B337 Grade 12 TI (0163 (0.3 |1.00 400 | 28.8E+E [ 7.10E-E [ 16600

600 | 27.7E+6 | 7.40E-B | 16600
G50 | 27.4E+6|7.50E-E | 16600
700 | 271E+6| 7.60E-E | 16600
780 | 26.7E+6|7.70E-E | 16600
(11 {800 |2636+6|7.80E-6 | 16800
[12|250 | 26.0E+6 | 7.856-6 | 16600
(123|900 | 256646 |7.90E-6 | 13600
(714|950 |251E+6 |8.00E-6 | 10800
(15| 1000 | 24.68+6 | 2.10E-6 | 2000
(16| 1050 | 24.26+6 | 51566 | 5700
(17 (1100 |23 7E+6 | 5.20E-6 | 3800
18

1
2|
El
4]
5 |
6 [500 |26.36+6|7.3066 | 16600
7]
E
ER
10|

—

a|l a2 | =

In the Material List window, you can edit inside both panes - the left pane contains Name,
Description, Type of material, Density, Poisson’s ratio (nu) and Joint factor and the right
pane contains material properties (usually modulus of Elasticity, mean Coefficient of Linear
thermal expansion [Alpha], not instantaneous nor total thermal, and the code-specific
Allowable stress) as a function of Temperature. While entering the temperature-dependent
material properties, you do not need to necessarily enter temperatures in an ascending order,
although recommended. CAEPIPE will sort the entries later.

After you are done entering properties for one material, be sure to press Enter when the
cursor is in the left pane, to move it to the next row so you can start entering the next
material. You can insert, delete and edit any material (see under Edit menu).

These panes may change depending on the piping code chosen. For example, for the
Swedish and Norwegian codes, the following window is displayed. This window contains
additional columns for Tensile strength and instead of a single Joint factor, it has
Longitudinal and Circumferential joint factors.
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=I* Caepipe : Materialz [1] - [Sample.mod [C:ACAEFPIPEAGBILM]]

File Edit Wiew Options Misc Window Help

HEE & | @Ko

# |Mame Descrption | Ty [ Density | My |Joint | Tenzsile [ # [Temp |E Alpha fh fCH
pe | [ka/m3] factor [[MPa] [C] [MPa] | [momdmmAC] | [MPa) | [MPa)

1 |A53 453 Grade B [C5| 7833 (03 |1.00 2413 -198.3 | 216435 | 9.00E-6 1379
1289212369 (9.E3EE 1374
SF333 208222 (101FEE 1379
2111 | 203335 (1093E6  |137.9
9333 (198863 (11.48EE  |13719
148.9 | 1935122 |11.83E6 (1373
204.4 (130385 (1228E6 1372
260 (188227 (12B4EE 130
3156 (184030 (12MEE 1234
3433 (179953 (1215E€6 | 11493

The BEuropean (EN 13480) code has a column for Tensile strength and temperature-
dependent properties have an additional column for fCR (allowable creep stress).

=i Caepipe : Materials [1] - [Sample.mod [C:ACAEFPIPEAGBTLM]]

File Edit Wew Options Misc SWindow  Help

@ @ | (@ @ m

# |Mame Dezcrption | Ty [Density |Mu [Joint | Tenzsile [# | Temp | E Alpha  [fh fCH
pe | [b/in3] factar | [pzi] [F1 [pzi] [indindF] | [pzil | [psi]

1 [a53 453 Grade B [CS[0283 [02 (100 [35000 [1 325 |21.4E+6|5.00E-6 | 20000

2 "2 |-200 |30.86+6 |5 3566 | 20000

] '3 |-100 | 30,2646 | 56566 | 20000

[ 4 |70 |29.56+6 | E.07E-E | 20000

] '5 |z00 |20.86+6 | 63066 | 20000

N ' |200 |20.3E+6 | 6.60E-6 | 20000

] 7 |400 |27.76+6 | 66266 (19900

] ‘g |s00 |27.36+6 | 7.0266 | 19000

[ '3 |00 | 267646 | 7,236 | 17900

] [10]e50 |26.1E+6|7.3366 | 17300
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To Input a New Material
You can input a new material in three ways:

1. Start typing directly into the fields in the Materials List window.
2. Input through dialogs (shown below for some but not all piping codes).

Material f 1 |

t aterial name I.i'-.53

Dezcription I.-’-'-.53 Grade B

Type IES : Carbon sheel j

Density [0.283 (bsin3]
Mu IF
Joint factor W
Tenzile W [psi]

ak. | Cancel |

Library |

B |Temp|E Alpha | Allowable
[F] [p=i] [indindF] | [psi]

-325 | 31.4E+6 | 5.00E-6 | 20000
-200 | 30.8E+E | 5.35E-6 | 20000
-100 | 30.2E+E | 5.E5E-E | 20000
0 |29.5E+6 | 6.07E-6 | 20000
200 | 28.8E+E|E.3B8E-E | 20000
300 [28.3E+6 | 6.60E-E | 20000
400 |27 YE+B|6.82E-6 (13300
500 | 273E+E|7.02E-E (19000
B00 | 26.YE+6|7.23E-6 (17300
E50 | 2B1E+E|7.33E-E (17300
1700 [25.5E+6 |7 44E-6 | 16700

—

For the Swedish and Norwegian piping codes, the Material dialog has Longitudinal and
Circumferential joint factors and a Tensile strength field.

324



Material

Material # 1 |

b aterial name |iEae

Ciescription I-i"-53 Grade B

Type II:S : Carbaon steel j

Diensity IEI.283 [Ib4in3] Mu IEI.3
Long. jaint I'I.EIEI Circ. joint factor |1.EIEI

Tensile strength |35000  [psi)

| k. I Cancel | Ernpertiesl Library |

For the European (EN 13480) code, the Material dialog has a single Joint factor and a
Tensile strength field, while the properties window has fCR (ctreep stress allowable).

Material # 1 |

b aterial name I.i'-.53

D'escriptian I.-“-‘-.ES Grade B

Tupe II:S : Carban steel j

Denzity |0.2583  [Ibdin3)

M II:I.S
Joint Factor IT.UU

Tengile |35000  [p=i]

Cancel | FProperties Library

# |Temp |E Alpha fly fCH
[C) [t4Pa] | (o /C] | [FPa] | [P a)

-198.3 | 216495 | 9.00E-6 137.9
1289 | 212359 | 9.63E-6 137.9
SFA33|2082221101FEE (1379
2111 |2033951093E€ (1379
9333 (198563 |11.48E€  [137.9
1429 (195122 |11.88E€ (1379
204.4 1190935122866 |137.2
260 (188227 |11264E€ (1310
56 (184090 (12.MEE (12324
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3. Pick a material from an existing material library (supplied with CAEPIPE or your own).

Click on the Library button on the toolbar to open the library:

@E D @ Q ||y

# ¥ azend vy |
| nE Mterll libraty

(or select Library command under the File menu):

FI* Caepipe : Material

File Edit View Optio

Export... %

PrinkE. ..

M amne D ezcription

CErl+P

You will have to open a library file first if it was not previously opened. Select the one of
interest. Note that the libraries with filenames ending with “_Full” (e.g., B313-
2010_Full.mat) have approx. 200 materials each (from the respective piping code).

=i Open Material Library |

Loak in: I | Materal_Library ;I ] 5 Ef-
L_|BE311-1998.mat | |B313-1993.mat |_|B313-2010_Fullmat | | B3
L_|BE311-2004.mat | |B313-2002.mat | |B313-2012.mat L_[B3
L_|B311-2007.mat | |B313-2004.mat | |B314-2002.mat L_[B3:
L_|E311-2010.mat | |BE313-2008.mat | |B314-2006.mat L_[B3:
|_|B311-2010_Full.mat | |B313-2008.mat | |B314-2009.mat L_|B3
L_|B311-2012.mat | |B313-2010.mat | |B314-2012. mat L_|B3
1| | 10
File name: | Open I
Files of type: | Material Library files (*mat) | Cancel I

You can select a material from the opened library by double clicking on it or highlighting
it and clicking on OK.
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M atenal Library - [B311-20010_Full. ..
Piping cade : B31.1

+r

OO -l | O O | L | P | —

(da]

—_
(s}

—_
—_

—_
-

| k. I Cancel Library |

k aterial Dezcription ;I
A53 Grade & [Seamlessz) |
A53 Grade B [Seamless]

AR3 Grade A [ERW)

&53 Grade B [ERW)

A10E Grade A

A10E Grade B

A106 Grade C

A105

£135 Grade &

A135 Grade B

A187 60

A181 70 LI

Name

Type a Material name, up to five alpha-numeric characters.

Description

Type a description for the material, up to 31 characters.

Type

AL for
AS for
CA for
CC for
CS for
FR for
FS for
NA for
SS  for
Tl for

These material types are used in calculation of the Y factor for allowable pressure at high
temperatures for certain piping codes. Swedish and Norwegian piping codes also use it for
calculating allowable expansion stress range. These codes also need tensile strength.

For Fiber Reinforced Plastic piping, you need to select the material type “FR” to enter FRP
material properties. More information can be found under the section Fiber Reinforced

Plastic.

Density

Density of the material is used to calculate weight load and also mass for dynamic analysis.

Aluminum

Austenitic Stainless Steel
Copper alloys annealed
Copper alloys cold worked
Carbon Steel

Fiber Reinforced Plastic piping
Ferritic steel

Nickel alloys 800, 800H, 825
Stainless Steel

Titanium

327



Material

Nu

The Poisson’s ratio (Nu) defaults to 0.3 if not input.
Joint factor

The joint factor is the longitudinal weld joint factor used to calculate allowable pressure. For
Swedish and Norwegian piping codes, a circumferential joint factor is also input to calculate
longitudinal pressure stress.

Tensile strength

For Swedish, Norwegian and European (EN13480) piping codes, tensile strength is used in
the calculation of the allowable expansion stress range. For Stoomwezen piping code, tensile
strength is used in the calculation of hot allowable stress.

To create or modify a material library

CAEPIPE offers you flexibility in creating your own material libraries (user-defined
libraries). That way, you do not feel restricted by the offered choices in materials and can
continually keep updating the material libraries with your own materials. To create a library:
From the Main window, select File > New and click on Material Library.

MNew |

" Model [.mod)
% hdatenial Librany [.matk

" Spectum Library [.zpe]
" Walve Libramy [wvall

™ Beam Section Library [.bli
" Flangs Modsl [ flg]

k. I Cancel

A List window for materials is shown.

=I* Caepipe : Material Library [1] - [Untitled]

File Edit ©Options Help

O =

# |Descrption [Ty [Densite (Mo |Joint |Yield [# | Temp|E Alpha | Allowable
pe |[lbsin3) factor | [psi] [F] [psi] [inAindF] | [psi]

1 [Uszerdatl C5 (0283 |03 [1.00 |&O 1 |70 30.0E+6 | 5.85E-B | 24000

2 2 |00

You must select a piping code first, using the menu command Options > Piping code,
before you start entering properties.

You can, as before, start typing directly into the fields, or enter properties through a dialog.
The only difference is that materials in the library do not have names whereas those in a
model have names.
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After you are done entering materials, you must save to a material library file by using the
File > Save command.

=I* Caepipe : Material Library [1] - [Untitled]
File Edit Options Help

MeEw, Ckrl-+1

CIpen. .. Chrl+0

Clase nzity | Mu | Joint [Yield |8 [Temp|E blpha | Allowable

in3] factar | [pzi] [F1 [psi] [indindF1| [pzi]

Chrl+5 IEE 03 |1.00 (50 70 30.0E+6 | 5.85E-6 | 24000

Save As... 100 |29.5E+6 | 5.90E -6 | 23395

Prink. .. Ckrl+P

Exit alk+F4

Give the file a suitable name. The file will be saved with a .mat extension.

mE: Save Material Library As |
Save in: I ) Matenal_Library j = |'='_“F E-
|| B311-1998.mat || B313-1999.mat [ 831
|| B311-2004.mat || B313-2002.mat [ ]e31
|| B311-2007.mat || B313-2004.mat [ ]e31
|| B311-2010.mat || B313-2006.mat | |B31
|| B311-2010_Full.mat || B313-2008.mat | |B31
| |B311-2012.mat ||B313-2010.mat | |B31
1] | I
File name: || Save I
Save astype: |Material Library files (" mat) | Cancel I

Should you need to change the piping code, then you will need to update all materials’
properties (in this library) according to the new code, or load a new file. Better yet, if you do
not see the library among the supplied files, create a new library for the new code.

Frequently, this issue confuses users and they end up using material properties that
come from one code under another code (Example: A53 Grade B, common fo B31.1
and B31.3, is used by mistake under the wrong code. Note that this matenal has
different alfowable stresses under the two codes!).
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Therefore, first make sure that you have selected the correct piping code (under Options >
Analysis > Piping code) in the Layout window. Then, ensure that you use the correct
properties from that code.

CAEPIPE comes with many libraries from several piping codes. When inside a CAEPIPE
model, you can open any library and pick a material from it. Make sure to pick the proper
library (with the proper year), especially between B31.1 and B31.3 libraries because they have
significantly different allowable stresses for the same materials. Also verify the material
properties in these libraries before you use them.

Matenial Library - [B311-2010_Full. . |

Piping code : B31.1

+*

b aterial D ezcription il
453 Grade & [Seamlessz]

453 Grade B [Seamlezs]

AB3 Grade A [ERW)

A53 Grade B [ERW)

A106 Grade A

A10E Grade B

A106 Grade C

A105

A135 Grade &

A135 Grade B

A181 60

A181 70 ;I

(] I Cancel Library |

L I e I I O (T ) Y )

o

—_
(s}

—_
—_

—_
I~

330



Missing Mass Correction

In dynamic analysis using modal superposition, usually an approximate solution is obtained
because only a limited number of modes is considered. (For seismic analysis, typically all
modes up to 33 Hz). The errors in pipe displacements and stresses are usually small because
they are affected relatively little by high modes. The error in support loads may be substantial
because the influence of high modes on support loads can be important. In stiff piping
systems with few low frequency modes, stresses may also be affected significantly.

Using limited number of modes results in some mass of the system being ignored. The
distribution of this “missing mass” is such that the inertia forces associated with it will
usually produce small displacements and stresses. However these forces will often produce
significant support loads, and in stiff systems can produce significant stresses.

A correction can be made by determining the modal contributions to the mass of the system
and obtaining the “missing mass” as the difference between these contributions and the
actual mass.

The inertial force vector for the n™ mode is given by
(£ = ~ ML) = wZ[M1(8,)4, g

Where  [M] = diagonal mass matrix
{ii,,} = acceleration vector
w, = circular frequency
{@,,}= mass normalized eigenvector

A, = modal displacement for mode n
For X seismic excitation
T Snx Snx
A, ={0,} [M]{r} 2= Iy 2 2
wn wn

Where  {r;} = displacement vector due to a unit displacement in the X direction

Sf. = spectral acceleration for the ™" mode for excitation in the X direction
[Lx = mass participation factor in the X direction for mode n

Let m = number of modes used in analysis
N = total number of modes

If it is assumed that the higher modes: m+1 through N are in phase and have a common
spectral accelerationSg, (conservatively taken as the maximum spectral acceleration after the

mt™ mode), the total inertial force contribution of these higher modes (also known as “Rigid
body force” or “Left out force”) is

(EFY = S8IM1 )" ) T ©

n=m+1
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It can be shown that

()= i{qsn}rm = i{cpn}rnx + i () e @
n=1 n=1

n=m+1

Substituting from (4) for the summation in (3)

{F;CR} = S(()lx [M] [{rx} - Z{(Pn}[;lx (5)
n=1

Note that there will be missing mass inertia forces in the Y and Z directions, in addition to
the X direction, for X excitation.

The missing mass force vectors for the Y and Z directions are similarly calculated. The
response to each of these three force vectors is calculated and these additional response
vectors are combined with the responses of the first “m” modes.

This feature is currently not available for Time History and Harmonic analyses.

The above described method is based on the technical paper by Powell. See below for
details.

Powell, G.H. “Missing Mass Correction in Modal Analysis of Piping Systems.” Transactions

of the 5th International Conference on Structural Mechanics in Reactor Technology. August
1979: Betlin, Germany.
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Miter Bend

Miter bends are typically used when space limitations do not allow the use of regular bends
(elbows), or when a miter is more economical to use than a regular bend. Miters are not
fittings. They are fabricated from pipe, to requirements. “The use of miters to make changes
in direction is practically restricted to low-pressure lines, 10-inch and larger if the pressure
drop is unimportant...” (Sherwood 1980).

See figure below for Miter bend parameters.

]

|

|

I

]
— - [ e

|

In this figure, r = mean radius of pipe
S miter spacing at center line

0

one-half angle between adjacent miter axes (< 22.5°)
Before modeling a miter bend, you should determine whether it is closely or widely spaced.
Closely Spaced Miter

A miter bend is closely spaced when S < r(1 + tan ).

)

& v
|
|
T
|

—-—r‘-—

A closely spaced miter bend is input as a single miter bend element.

The Bend Radius (R) is calculated as: R = 0.5 S cot 6.
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Miter Bend

Widely Spaced Miter
A miter bend is widely spaced when § = r(1 + tan6[].

T —

A widely spaced miter bend is modeled with as many miter bend elements as there are miter
cuts.

The Bend Radius (R) is calculated as: R = 0.5 7 (1 + cot 6 []).

A miter bend is input by typing “m” in the Type column or selecting “Miter bend” from the
Element types dialog.

Element Types E |
” From " Slip joint £ Cut pipe

i” Pipe " Hinge Joint " Beam

" Bend " Ball joint " Tie rod

(+ Miterbend ¢ Bigid element " Location

= Walve " Elastic element © Comment

" Reducer " Jacketed pipe ¢ Hydrotest [oad
i~ Bellows ™ Jacketed bend

] I Cancel
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Miter Bend

The Miter bend dialog is shown.

Miter bend at node 50 |
Bend Badius IE [inch]
Bend Thickness I [inzh]

Bend M aterial I YI
Flexibility Factor I
SIFz In Plane I Ot F'Ianel

% Closely spaced Widely zpaced

| [k I Cancel |

Bend Radius

The bend radius (R) depends on the type of miter (Closely or Widely spaced). It is calculated
as explained previously and input in this field.

Bend Thickness

Input the wall thickness of the miter bend if it is different from that of the adjoining pipe
thicknesses. The Bend Thickness, if specified, applies only to the curved portion(s) of the
equivalent bend(s) of the miter bend.

Bend Material

If the material of the miter bend is different from that of the adjoining pipe, select the Bend
Material from the drop down combo box. The Bend Material, if specified, applies only to the
curved portion(s) of the equivalent bend(s) of the miter bend.

Flexibility Factor

Specity a flexibility factor for the miter bend if different from the piping code’s factor. If you
specify one, CAEPIPE uses it instead of the piping code specified Flexibility Factor. A value
of 2.0, for e.g., will mean that the miter bend is twice as flexible as a pipe of the same length.

Closely spaced

To specify the miter bend as closely spaced, click on the “Closely spaced” radio button.

Widely spaced

To specify the miter bend as widely spaced, click on the “Widely spaced” radio button.

Parameters for 90° Miter Bends

The parameters (dimensions) for 90° miter bends (with 2, 3, 4 miter cuts) in terms of
dimension (A), mean pipe radius (r) and number of miter cuts (N) are shown in the following
table.
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Miter Bend

Use the table to determine whether the miter bend is Closely spaced or Widely spaced, and if
it is Widely spaced and has 2, 3 or 4 miter cuts, to calculate the dimensions B, C, D, E and R
(equivalent miter bend radius) before modeling it.

A closely spaced miter requires only the miter bend radius (same as dimension A shown in
the figures).

Dimensions for Widely spaced miters onl
C D E

S Closely spaced if B R

0.828427 A

A <1.707107 ¢

0.414214 A

0.585786 A

1.707107 ¢

0.535898 A

A <2.366025 r

0.267949 A

0.464102 A

2.366025 r

N
2
3
4

0.397825 A

A <3.013670 ¢

0.198912 A

0.367542 A

0.281305 A

0.152241 A

3.013670 r

N = Number of miter cuts
Half angle 6 = 90° /(2N)

The following pages show the details of how dimensions B, C, D and E were calculated, and
are provided only for your information. The above table is important for your modeling
requirements. For miters with more than 4 cuts, you have to calculate the required
dimensions similar to those shown on the following pages. The next table outlines the
modeling procedure for either miter type.

Miter Modeling Procedure

Determine Miter Type
Closely Spaced Miter Widely Spaced Miter
Any number of cuts 2 cuts 3 cuts 4 cuts

Calculate R, B, C, D
and E from above ta-
ble. Calculate offsets
of nodes using B, C,
D and E.

Calculate R, B and C from above table.
Calculate offsets of nodes using B and C. See
Example 2 Widely spaced miter.

Model miter as a single
Closely spaced miter
with Bend radius as
dimension A.

Model this miter as 4

widely spaced miters
with R as the bend
radius.

Model this miter as 3

widely spaced miters
with R as the bend
radius.

Model this miter as 2

widely spaced miters
with R as the bend
radius.

See Example 1, Closely
spaced miter.
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Miter Bend

Two Miter Cuts (N=2)

e— B —ma—

—_—

I=

225

ret— B —]

157
30°
30°
1 15°

%m—’\‘i ) —— ]
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6=90°/(2x2)=225°

S =2 A tan 8 = 0.828427 A

B =Atan 0 = 0.414214 A

C =2 A tan 0 cos 20 = 0.585786 A
Closely Spaced

The miter is Closely spaced if,

S<r(1l+tanB)
Substituting for S,

2Atan0<r(1+4+tanB)

A <1.707107 r

Bend radius, R=0.5S cot 0 = A
Widely Spaced
R=05r(14cot0)=1707107 ¢

0=90°/(2x3)=15°

S =2 A tan 6 = 0.535898 A

B =Atan 0 = 0.267949 A

C =2 A tan 0 cos 20 = 0.464102 A
Closely Spaced

The miter is Closely spaced if,

S<r(1l+tanB)
Substituting for S,

2AtanO0<r(1+4+tanB)

A <2.366025 r

Bend radius, R = 0.5 S cot 0 = A
Widely Spaced
R=05r(1+cot0)=2366025r



Miter Bend

Four Miter Cuts (N=4)

I
=

ot C—maD—w E =

6=90°/(2x4)=11.25°
S=2Atan 0 = 0.397825 A
B=Atan 0 =0.198912 A

C =2Atan 0 cos 20 = 0.367542 A
D =2 A tan 0 sin 40 = 0.281305 A
E =2 A tan 0 sin 20 = 0.152241 A
Closely Spaced

The miter is Closely spaced if,

S<r(1l+tanB)
Substituting for S,

2Atan0<r(1+4+tanB)

A <3.013670 r

Bend radius, R =0.5S cot 0 = A
Widely Spaced
R=05r(1+cot0)=23.013670r

-._l

Example 1: Closely Spaced Miter

Example Data

Pipe OD = 8.625”, thickness, t = 0.322”

Mean pipe radius, + = (8.625 - 0.322) / 2 = 4.1515”,

Number of miter cuts = 3,
Dimension A = 87, See 3-cut miter figure.

Look up table (Miter modeling procedure), for an outline of the modeling procedure.
First, determine the type of miter (Closely or Widely spaced) before modeling it.

Look up Summary of Miter parameters, for N = 3. A miter is Closely spaced if A <
2.366025r. This condition is true for r = 4.1515”. Hence, this is a Closely spaced miter.

Steps for Example 1

» Create From node: When you start a new model file, node 10 and an Anchor are
automatically input, press Enter to move cursor to next empty row.

» Construct miter bend: type 20 for Node (simply pressing Tab puts this node number
automatically for you), type “m” under the Type column, type 8” for bend radius,
select Closely spaced, click on Ok. Type 10” for DX, enter material, section and load
names, press Enter.

» Finish the miter bend: type 30 for Node and -10” for DY, press Enter.

# |Node | Type | DX (inch) | DY (inch) | DZ (inch) | Matl | Sect | Load | Data

1 | Title=Example 1: Closebls spaced Miter

2_ 10 Fram Anchor
13 |20 |Miter |10 1 |8 |1
14 |30 40 1 s |1




Miter Bend

Example 1: Closely Spaced Miter MITER1
Y

10 10 .20 LL»X

110

Length (inch)

Example 2: Widely Spaced Miter

Let us assume the same data as in Example 1 (Closely spaced miter) with only one change,
namely, dimension A (see next figure).

Pipe OD = 8.625”, thickness, t = 0.322”

Mean pipe radius, r = (8.625 - 0.322) / 2 = 4.1515”,
Number of miter cuts = 3,

Dimension A = 127,

Look up table (for Miter modeling procedure) for an outline of the modeling procedure.

— Bt —— - B
A=12"
B = 3.2154"
_ ___1_0‘____ C=55692
i
A C
15°
L
o '
i50
= A ._j‘

It is essential to determine the type of miter (Closely or Widely spaced) before modeling it.
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Determine miter type

Look up table, Summary of Miter parameters, for N = 3. A miter is Closely spaced if A <
2.366025r. This condition is false for r = 4.1515”. Hence, this is a Widely spaced miter. This
miter bend has to be modeled as a series of 3 miters. Next, observe in this table that
dimensions B, C and R (Equivalent miter bend radius) can be calculated for N = 3 cuts.

Calculate required dimensions

With r = 4.1515”,

Equivalent miter bend radius, R = 2.366025 X r = 9.8225”,
Dimension B = 0.267949 X A = 3.2154”,

Dimension C = 0.464102 x A = 5.5692”

See previous figure. After calculating B, C and R, let us now calculate the offsets of nodes 20,
30 and 40 (the 3 nodes correspond with the 3 miter cuts).

Calculate Offsets

Offsets of node 20 from 10: (First miter cut)
DX =B = 3.2154”
DY = 0” (because node 20 is on the horizontal axis).

Offsets of node 30 from 20: (Second miter cut)
DX = C =5.5692"
DY =-B = -3.2154”

Offsets of node 40 from 30: (Third miter cut)
DX =B =3.2154"
DY = -C = -5.5692”

Offsets of node 50 from 40:
DX = 07 (because node 50 is on the vertical axis).
DY = -B = -3.2154”

Now, start to build the model in CAEPIPE as shown in Example 1 but with different data
(bend radius = 9.8225”, select Widely Spaced miter, and offsets as shown above).

Steps for Example 2

» Create From node: When you start a new model file, node 10 and an Anchor are
automatically input, press Enter to move cursor to next empty row.

» Construct first miter bend: type 20 for Node (simply pressing Tab puts this node
number automatically for you), type “m” under the Type column, type 9.8225” for
bend radius, select Widely spaced, click on Ok. Type 3.2154” for DX, enter material,
section and load names, press Enter.

» Construct second miter bend: type 30 for Node (simply pressing Tab puts this node
number automatically for you), type “m” under the Type column, type 9.8225” for
bend radius, select Widely spaced, click on Ok. Type 5.5692” for DX, -3.2154” for
DY, press Enter.

340



Miter Bend

» Construct third miter bend: type 40 for Node (simply pressing Tab puts this node
number automatically for you), type “m” under the Type column, type 9.8225” for
bend radius, select Widely spaced, click on Ok. Type 3.2154” for DX, -5.5692” for

DY, press Enter.

» Finish the miter bend: type 50 for Node and -3.2154” for DY, press Enter.

# |Node | Type | DX (inch) | DY (inch) | DZ (inch) [ Mat | Sect |Load | Data

1 [ Title = Example 2:Widely spaced miter (3 cuts)

2_ 10 Fram Anchar
'3 |20 |Miter |3.2154 1 s |1

4 |30 |Miter |55692 |-3.2154 1 s |1

(5 |40 |Miter |3.2154 |-5.5692 1 s |1

6 |50 -3.2154 EERE

Example 2: Widelv spaced miter (3 cuts)

MITER2

3.2154 /55

Miter spacing, S
6.4308

3 Miter cuts

Lengths(inch)

40

3.2154

50

Y

L

Sherwood, David. R., and Dennis J. Whistance. THE “PIPING GUIDE” A Compact
Reference for the Design and Drafting of Industrial Piping Systems. First Edition (revised).

San Francisco: Syentek Books Co., 1980.
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Node

A Node refers to a connecting point between two elements such as pipes, reducers, valves or
expansion joints. The maximum # of nodes in a model cannot exceed 9,999, while the
maximum node number itself cannot be greater than 99,999. Usually, a node has a numeric
designation. In CAEPIPE, occasionally, you may have a need to reference a node followed
by a letter such as A/B/C/D/J. These are automatically generated internal nodes. A and B
nodes (e.g., 20A, 20B) designate the near and far ends of a Bend node (see section on Bend).
J, Cand D (e.g., 10], 10C, 10D) designate a Jacketed pipe and a Jacketed bend (see section
on Jacketed Piping).

In the Layout window, node numbers are typed under the column titled Node. A node
number may be typed as an integer or an integer followed by one of the letters A/B/C/D/]J.
Use “Location” type to specify more than one data item at a node (See section on Location).

>

The starting node in a piping system is always a node of type “From,” which is usually

anchored.

Nodes not only act as connect points for elements but also act as locations for providing
supports or applying restraints/external forces and moments to the piping system. Each
node has six static degrees of freedom (three dynamic), three translational (in x, y and z
directions) and three rotational (about x, y and z axes). Any or all of them may be restrained
using supports.

Specifying Coordinates

The values typed in the DX, DY and DZ fields on the Layout window are interpreted as
offsets from the previous node. If required to specify absolute coordinates for a node (i.e.,
fix the location of a point in space), the node has to be of type “From” or should have an
asterisk (*) at the end of it (e.g., 20%). In these cases, the numbers entered in the DX, DY and
DZ fields are interpreted as absolute coordinates of the node rather than offsets from the
previous node. If the coordinates for a particular node are duplicated the second set of
values is ignored. An asterisk (*¥) for a “From” node is ignored too.

You can list all coordinates by selecting Coordinates under Misc menu (or click on the Node
header or right click on any node number). This feature can be helpful for verifying
correctness of the input.

In the Layout window, you can search for a node by using the “Find node” command (under
the View menu, or use Ctrl+F), specify a “Node increment” for automatic node numbering
(under Options menu), and renumber nodes for a range of rows (under Edit menu)

Automatic Renumbering

When you delete a row with a node number in the Layout window, CAEPIPE automatically
renumbers nodes from the top starting with the number you have specified under the main
window > File > Preferences > Automatic Renumbering. Note that this is different from the
user-performed selective renumbering of a range of rows from the Edit menu.

When turned on, deleting a row triggers an automatic renumbering operation inside the
Layout window. So if you do not want such to happen, turn the feature off from the main
window.
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Nonlinearities

There are several types of nonlinearities in CAEPIPE:

Gaps in limit stops, guides.

Rotational limits in ball and hinge joints.

Rod hangers as one-way restraints.

Tie rods with different stiffnesses and gaps in tension and compression.

Friction in limit stops, guides, slip joints, hinge joints and ball joints.

SN A e

Buried piping.

An iterative solution is performed when nonlinearities are present. At each iteration, the
stiffness matrix and the load vector are reformulated because both of these depend on the
solution (displacements) from the previous iteration.

Limit stop

Limit stops are input by specifying direction, the upper and lower limits and optionally a
friction coefficient. The upper and lower limits are along the direction of the limit stop and
measured from the undeflected position of the node. Typically the upper limit is positive and
the lower limit negative. The upper limit should be algebraically always greater than the lower
limit. In some situations it is possible to have a positive lower limit or a negative upper limit.
If a particular limit does not exist (i.e., a node can move unrestrained in that direction), that
limit should be left blank. If a gap does not exist then the limit should be explicitly input as

ZCro.
Solution Procedure

At each iteration, the displacements at the limit stop node are resolved along the limit stop
direction. The resolved displacement is compared with the upper and lower limits. If the
displacement exceeds the upper limit or is less than the lower limit the gap is closed
otherwise it is open. The solution is converged when the displacement is within 1% of
previous displacement.

If the gap is open, no stiffness or force is applied due to the limit stop at the node.

If the gap is closed, a high stiffness (1><1012 Ib./inch) along with a force = gap x high
stiffness is applied in the direction of the limit stop at the node. The limit stop in this case
acts like a specified displacement.

After the solution has converged and if the gap is closed, the support load at the limit stop is
calculated by: (resolved displacement - gap distance) x high stiffness. During hanger design,
the hot loads are recalculated with the status of the limit stops at the end of the preliminary
operating load case. Then the hanger travels are recalculated using the recalculated hot loads.

In dynamic analysis, the status of the limit stops for the first operating case (W+P1+T1), is
used. If either the upper or lower limit is reached for the first operating case, the limit stop is
treated as a rigid two-way restraint in the direction of the limit stop. If the limit is not
reached, then it is treated as having no restraint.
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Nonlinearities

Friction

Friction is specified by entering coefficient of friction for limit stop and guide, entering
friction force and/or friction torque for slip joint, entering friction torque for hinge joint and
entering bending and/or torsional friction torque for ball joint.

Friction is modeled using variable equivalent stiffnesses (fictitious restraints) in CAEPIPE.
The stiffness of these fictitious restraints is estimated from the results of previous iteration.
If friction is included in dynamic analysis, the values of the equivalent stiffnesses from the
first operating case are used in modal and dynamic analyses.

Friction in Limit Stop

If the gap is not closed there is no normal force and hence no friction. If the gap is closed,
the normal force (limit stop support load) is calculated as explained above. The maximum
friction force is friction coefficient * normal force. The displacement of the limit stop node
is resolved into a plane normal to the limit stop direction (let us call this resolved
displacement: y). Also let ky = equivalent friction stiffness which is assumed to be zero for
first iteration.

If y is non zero or y * ky > maximum friction force

then ky = maximum friction force / y

otherwise ky = high stiffness ( 110" Ib/inch) [This is the case of no sliding]

In the next iteration the equivalent friction stiffness is added to the stiffness matrix. The
iterations are continued till the displacement y is within 1% of displacement from the
previous iteration. The friction force is y * ky.

Friction in Guide

A guide is modeled by adding high stiffnesses perpendicular to the direction of the pipe. The
normal force in the guide is calculated by the vector sum of the local y and z support loads.
Maximum friction force is friction coefficient * normal force. The displacements at the guide
node are resolved in the direction of the guide. Let us call this displacement: x. Also let kx =
equivalent friction stiffness which is assumed to be zero for first iteration.

If x is non zero or x * kx > maximum friction force

then kx = maximum friction force / x

otherwise kx = high stiffness (1 x10'% 1b /inch) [This is the case of no sliding]

In the next iteration the equivalent friction stiffness is added to the stiffness matrix. The
iterations are continued till the displacement x is within 1% of displacement from the
previous iteration. The friction force is x * kx.
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Friction in Slip Joint

The relative displacements (From node, To node) for the slip joint are resolved in the
direction of the slip joint. Let us call this relative displacement: x. Also let kx = equivalent
friction stiffness which is assumed to be zero for first iteration.

If x is non zero or x * kx > friction force

then kx = friction force / x

otherwise kx = high stiffness (1 x10" Ib /inch) [This is the case of no sliding]

In the next iteration the equivalent friction stiffness is added to the stiffness matrix. The
iterations are continued till the displacement x is within 1% of displacement from the
previous iteration.

Similar technique is used for friction torque (using rotations instead of translations).
Friction in Hinge Joint

The relative rotations (From node, To node) for the hinge joint are resolved in the direction
of the hinge axis. Let us call this relative rotation: x. Also let kx = equivalent friction stiffness
which is assumed to be zero for first iteration. Maximum friction torque = friction torque +
hinge stiffness * x.

If x is non zero or x * kx > maximum friction torque
then kx = maximum friction torque / x
otherwise kx = high stiffness [This is the case of no sliding]

In the next iteration the equivalent friction stiffness is added to the stiffness matrix. The
iterations are continued till the displacement x is within 1% of displacement from the
previous iteration.

Friction in Ball Joint

For a ball joint friction in bending (transverse) and torsional (axial) directions is treated
independently. For the bending case, the resultant of the local y and z directions is used.
Otherwise a procedure similar to the one used for hinge joint is used.

Friction in Dynamic Analysis

Friction is optional in dynamic analysis. Friction is mathematically modeled by using
equivalent stiffnesses. If friction is included in dynamic analysis, the values of the equivalent
stiffnesses from the first operating case are used.
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Misconvergence

During the iterative solution procedure for nonlinearities, a misconvergence is reported in
the following manner:

e |

[teration SO00

! . 2 Monlinearities not converged
N
bl aximum migconvergence = 100 &

For the Limit ztop at Node 980

Aocept E xit

You have three options:

e Continue the iterative procedure for 5000 more iterations to see whether the solution
converges, or

e Accept the misconvergence (maximum misconvergence is reported, 100% in the above
dialog), or

e Exit the analysis processor completely.

An environment variable “CPITER” may be defined to change number of iterations from
the default 5000. For example, when “CPITER=100007, iterations will continue up to
10,000 before showing the dialog: Continue, Accept or Exit if there is nonconvergence.

The shown misconvergence in the solution is really a quantification of how much off the
results will be, IF you accept it. The maximum misconvergence (100%) is shown along with
its location where such is happening. For example, a misconvergence of 100% could mean
that the results at that location (say support loads etc.) may be off by 100%. So, for example,
if the support load is 1,200 Ib., the true range could be within a bracket of (1200 +/— 192
Ib.); similarly with other results. Results at the other nonconverged locations (191 more in
this example) will be below this reported number (100%0).

So, the results are not necessarily unusable. If the support load were 27,000 Ib., then either
the support should be designed to handle the true range, or other changes should be made to
the model to reduce the amount of misconvergence. Sometimes, you may observe during
analysis that the misconvergence reported begins to oscillate among a few values for # of
nonlinearities not converged (e.g., 32, 8, 106, 4, 32, 8, 16, 4, ad infinitum) in which case, you
will know that this process will not converge. Now you have, as before, two options: 1.
Change parameters (mainly gaps and friction values, or removal of unneeded supports) inside
the model to influence the convergence routine, or, 2. Increase the # of iterations. In case
neither works, then use engineering judgment to accept or reject the merit of such a solution
with variations as described above.
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Nozzle

Nozzles are integral attachments of vessels (such as a storage tank) which connect with
external piping. Nozzles transmit the shell (vessel) flexibility to the piping system and hence
included in piping stress analysis.

Two types of nozzles can be modeled: A nozzle attached to a cylindrical vessel relatively far
from the ends of the cylinder, and a nozzle attached to a cylindrical shell with a flat bottom
and close to the flat-bottom. CAEPIPE calculates the nozzle stiffnesses (local flexibility
components) according to WRC 297 and API 650 guidelines. See Appendix D for the
procedures.

The coordinate system is as shown in the figure. The six components of the forces and
moments at the nozzle-vessel interface are:

P = Radial load M. = Circumferential moment
V. = Circumferential load =~ M; = Torsional moment
V, = Longitudinal load M, = Longitudinal moment

Of the six components of stiffnesses, only three stiffnesses, axial (Kx), circumferential (Kyy),
and longitudinal (Kzz), are computed. The remaining three are assumed to be rigid.
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€€ 2

A nozzle is input by typing “n” in the Data column or selecting “Nozzle” from the Data
Types dialog.

Data Types |

= Anchor £ Hanger ™ Snubber

" Branch SIF " Hamonic Load  © Spider

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange  Hozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel |

The Nozzle dialog is shown. Note that the Displacements button is disabled. It is only
enabled after the nozzle is input (i.e., existing nozzle).

Mozzle at node 60 |
[ Flat bottarn tank

— Mozzle

()] IEE [inch]  Thi Il:l.5 [inch]
—Yezsel

oo [1800 finch)  Thk [i finch]

L1 100 [fEin™] L2 (100 [FEin"™]

Elastic modulus of vessel material IEEEE (pi]

Weszel axis direction
¥ comp ' comp £ comp

L | |
0k, I Eann::ell Qisplacementsl

Nozzle

OD: Outside diameter of the nozzle.
Thk: Thickness of the nozzle.

Vessel

OD: Outside diameter of the vessel.
Thk: Thickness of the vessel.
L1, L2: Distances from the nozzle to the nearest stiffening ring, tubesheet or the vessel end.
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Vessel axis direction

The orientation of the vessel axis in terms of its global X, Y and Z components are entered
here. See example under “Specifying a Direction.”

Flat-Bottom Tanks

For a nozzle on a flat-bottom tank and close to the flat-bottom, check the Flat-bottom tank
checkbox.

Vassal OD
4—‘ ,-— Vessel Thickness

ML
Nozzle
1 Ve
i e e e e e 2a({Nozzle QD)
P
. S MT
VL
L Nozzle Thickness
M

]

Flat-Bottom Tank

A slightly modified Nozzle dialog is displayed.

Mozzle at node 60 |
¥ Flat bottarn tank: [ Reinforcing pad
—Mozzle
oo |26 [inckh]  Thk (0.5 [inch)
—Weszel
oo (1800 [inch]  Thk |1 [inch)

L |3 [Ft'in"]
Elazstic moduluzs of vessel material IEEEE [p]

YWeszel axiz direction
# comp Y comp £ comp

| |1 |
ak. I Eanu:ell Qisplacementsl
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All the input fields are the same as before except:
L

L. is the distance from the flat-bottom to the nozzle centetrline.

Reinforcing pad

If the nozzle is reinforced, check this box.

Stiffness Calculation

Here again, only three stiffnesses, axial, circumferential and longitudinal are computed
according to API 650 guidelines. See Appendix D for the procedure.

The flat-bottom tank nozzles are subject to the following limitations (API 650):

Limitations

» Nozzle OD/Vessel OD ratio must be between 0.005 and 0.04.

» L/Nozzle OD ratio must be between 1.0 and 1.5. See graphs in Appendix D, Figures
D-3 through D-14.

Displacements

Displacements (translations and/or rotations) in the global X, Y and Z directions may be
specified for nozzles (for thermal, settlement and seismic cases). Click on the Displacements
button. You will see a dialog similar to one shown below. Type in specified displacements
and press Enter.

Specified Displacements for Nozzle at node 150 |
Load ¥ [ihch] % [inch] £ (inch] == [deg] %Y [deg] £Z£(deg]
T |05  fozs fois o [0z |09

T2
T2

T4
TG

TF

Ta
T3
T10

| (K. I Eancell

| | | | | |
| | | | | |
| | | | | |
| | | | | |
e | | | | | |
| | | | | |
| | | | ! |
| | | | | |
| | | | | |
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There are three types of displacements which can be specified:

1. Thermal (up to 10 displacements can be specified, one each for thermal loads T1through
T10). Applied only to the Expansion and Operating load cases.

2. Seismic (available for B31.1, ASME Section III Class 2, RCC-M and EN 13480 codes
only). Solved as a separate internal load case and added absolutely to static seismic and
response spectrum load cases.

3. Settlement (available under ASME Section III Class 2, RCC-M and EN 13480 codes
only) Applied to a separate load case called Settlement.

Settlement

For certain piping codes (ASME Section III Class 2, RCC-M and EN 13480), a settlement,
which is a single nonrepeated movement (e.g., due to settlement of foundation), may be
specified. This is applied to the Settlement load case. For those codes which do not have a
provision for settlement (like B31.1), specify the settlement as a thermal displacement (a
conservative approach).

Example 1: Nozzle on a cylindrical vessel

Assume the following data:
Vessel OD = 1800 in.
Vessel Thickness = 1.0 in.
Nozzle OD = 26 in.
Nozzle Thickness = 0.5 in.
11 =12=1200 in.

Elastic modulus for vessel material = 28><1O6 psi.

The first node (10) is already defined as an anchor. To replace the anchor by a nozzle, right
click on the Anchor in the Data column, then select Delete Anchor. Then type “n” in the
Data column to input the nozzle. The Nozzle dialog will be shown. Input the nozzle data in
the dialog. The Layout window looks like the following:

# |MNode |Type  |DX(Rin") | DY (fin") | DZ (in") | Matl | Sect | Load | Data

1 |Title = Example 1: Nozzle on a cylindrical vessel

2_ 10 Fram Mozzle
'3 |20 20" P11 |26 |1

(4 |30 |Bend 22 STREIE

5 |40 22" P11 |26 |1

5 |1 Location Flange

The graphics is shown next.
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il

L

40

Connected pips]

Node 10 is nozzle node

Nozzle

Vessel

Nozzle Stiffnesses

The three stiffnesses computed can be viewed using the List command (Ctrl+L in the Layout
window). In the List dialog, select Nozzle Stiffnesses. The following window is displayed.

# |Mode |Flat | Axial Circurnferential | Longitudinal
Bot. | (Ibfinch) | (in-lb/deg) (in-Ib/deg)

1 |10 Mo [12534 |[3.549E+5 B.980E+5

The nozzle/vessel data may be edited here (double click to edit).
Example 2: Nozzle on aflat-bottom storage tank
Assume the following data:

Vessel OD = 1800 in.
Vessel Thickness = 1.0 in.
Nozzle OD = 26 in.
Nozzle Thickness = 0.5 in.
L =36 in.

Elastic modulus of the vessel material = 28><106psi.
No reinforcing pad on the vessel.

€C .2

Create the piping till the nozzle node. At the nozzle node, enter a Nozzle by typing “n” and
provide the required data. Check the Flat-bottom tank checkbox.

The Layout window looks like the following.

# |Node | Type  [Dx(inch) | DY (inch) | D2 (inch) |Mat | Sect | Load | Data

1 | Title = Example 2: Mozzle an a flat-bottom tank

2_ 10 Frarm

13 |20 B0 Pl |26 |1

l4 {30 |Bend 26 P11 |26 |1

15 |40 -28 P11 |26 |1

' |50 2 P11 |26 |1 Nozzle
17 |50 Location Flange
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The graphics is shown next.

Y

Ly

l_ Connected pipe

Vessel J Nozzle

Node 50 is nozzle node

The three nozzle stiffnesses computed can be viewed as before by using the List command
(Ctrl+L) and selecting Nozzle Stiffnesses.

LCS (Local Coordinate System) is now shown for Nozzle element. It can be accessed a few
ways:
1. List (Ctrl+L) > Nozzles > View menu > Show LCS, -OR-

List (Ctrl+L) > Nozzles > Mouse Right Click on the listed Nozzle > Show LCS, -OR-

Results window > Support Loads > Other Support Loads > Nozzles > View menu >
Show LCS, -OR-

4. Results window > Support Loads > Other Support Loads > Nozzles > Mouse Right
Click > Show LCS.
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Pump

Pumps, compressors and turbines in CAEPIPE, referred to as rotating equipment, are each
governed by an industry publication — API (American Petroleum Institute) publishes an
API 610 for pumps and an API 617 for compressors while NEMA (National Electrical
Manufacturers Association) publishes the NEMA SM-23 for turbines. These publications
provide guidelines for evaluating nozzles connected to equipment among other technical
information including the items relevant to piping stress analysis — criteria for piping design
and a table of allowable loads.

Modeling the equipment is straightforward since it is assumed rigid (relative to connected
piping) and modeled only through its end points (connection nozzles).

1. In your model, anchor all of the nozzles (on the equipment) that need to be included
in the analysis.

2. Specify these anchored nodes during the respective equipment definition via Misc.
menu > Pumps/Compressors/Turbines in the Layout window.

CAEPIPE does not require you to model all of the nozzles nor their connected piping. For
example, you may model simply one inlet nozzle of a pump with its piping. Or, you may
model one pump with both nozzles (with no connected piping) and impose external forces
on them (if you have that data). Further, there is no need to connect the two anchors of the
equipment with a rigid massless element like required in some archaic methods. A flange and
an anchor may coexist.

A pump is input by selecting “Pumps” from the Misc menu in the Layout or List window.
CAEPIPE produces an API 610 pump compliance report after analysis. You may model two
types of pumps: Horizontal or Vertical inline. See Appendix B (API 610, for Pumps) for related

information.

Misc indow  Help

Coordinates el Shift+C
Element types.,.  Cerl+5hifk+T
Data types, .. Ckrl+Shift+0
Check Bends

Check Connections

Makerials Ckrl+3hift+r
Sections k4 Shift+5
Loads CErl+Shift+L

Bearn Materials
Bearn Sections
Beam Loads

COmpressars g

Turbines

Spectruns
Force spectrurs
Time Funckions

Sails
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Pump

=E* Caepipe : Pumps [0] - [Sample.mod [C:ACAEPIPEAGST]]

File Edit Wiew Options Misc Window Help

&

B | Dezcrption [Vert. | Suction | Discharge Shaft ariz direction Center of pump
Inline | Mode | Lo | Mode | Loz | = comp | comp |2 comp &4 iRt (iR 2 iR

Once you see the Pump List window (as shown above), double click on an empty row for a
new Pump definition dialog that allows you to enter the required information.

Pump # 1 |
Descriptiuan'umM & Horizontal  Yertical inline

Suction Mode |1nn Location ™ Top O Side { End
Dizcharge Mode |2EIEI Location * Top £ Side ™ End

— Shaft axiz direction
# comp Y comp £ comp

1

— Location of the center of pump

W W z
235" {10 | {ftin"]

Cancel |

Type a short description to identify the pump in Description. You must designate the pump
nozzles as anchors, and the shaft axis must be in the horizontal plane. The nozzle locations
(top, side or end) should be specified for suction and discharge nodes.

See section on specifying a Direction for information on X comp/Y comp/Z comp.

For horizontal pumps, you must enter coordinates for the center of the pump with respect
to global origin. For pumps with two support pedestals, API 610 defines the center by the
“intersection of the pump shaft centerline and a vertical plane passing through the center of
the two support pedestals.” For pumps with four support pedestals, the center is defined by
the “pump shaft centerline and a vertical plane passing midway between the four pedestals.”
See Appendix B for illustrative figures.

You might find it helpful to first model the nozzles as anchors. In some situations, you might
not have the discharge or suction side piping. In that case, here is how you can fix the
location of the other side. Look up the coordinates of the nozzle (anchor) you have already
modeled.
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Then, use the coordinates command (menu Misc > Coordinates) to note the (X, Y, Z)
coordinates of this pump nozzle node number. Using its coordinates, you can now arrive at
the required coordinates of the other side’s nozzle and the center of the pump.

Example

=E: Caepipe : Graphice - [Pumpl_mod \WC... =] B4
File Wiew Cptions Window Help
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kE: Caepipe : Graphics - [Pumpl.mod [AMWCDY-VISI . [H=] B3

File Wiew Cptions Window Help
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kE: Caepipe : Graphics - [Pumpl.mod [AMWCDY-VISI . [H=] B3

File Wiew Cptions Window Help
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eE: Caepipe : Coordinatez [145] - [Pumpl.... =] E3

File Edit Wiew Options Misc Window Help

#

Mode (&[] Y [ftin") |2 [ =
58 |365 (1108467 (1870 227-3/4"
53 |360  (11'0-946" (1890 2553416
B0 | 370 (11'0-9A18" [-188" 26'0-3416"
B1 330 [11'0-8A48" [-199" 26311416
B2 (400 [E'%&-346" |-1870¢ 15'6-3/4"
B3 |410 [5B-3ME" [-1870 207-3/4"
B4 420 [5B-3ME (1890 255-3/18"
B |430 ([5%B-3M16" [-189" 26'0-3416"
BE |440 [5B-3A1E" [-189° 26311416
E7 |390 (-0'0-3A16" 1890 196-2/4"
B2 |450 (-0°0-3A16" 1870 207-3/4"
B3 |460 (-0°0-3A16" [-1870 258-3A18"
0 (470 [-00-3A16" |13 2E'0-3ME"
#1480 (-0'0-3A16" [ -188° 26311116
21800 (110848 [17E2" [2ET1T1AE
3510 (110848 [ 173120 [2ET11A6
15200 (11'0-848" [-1EB70 2671116
781530 (110848 [-1BE1/2" [2ET11AE

76 540 |1109/718" |58 |26711/16
77 OARROA 111MA9AR" [ARYA 2 [2R'TA1MR

-

In the above image, suction side piping ends at node 380. Discharge piping starts at node
500. In the Pump definition dialog (shown next), you can see that the center of the pump
is just behind the suction nozzle (node 380) coordinates. The reducer between nodes 370
and 380 is a vertically offset eccentric reducer; hence the graphics at the reducer shows a
break.
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Pump # 1 |
Description " Horizontal © Wertical inline
Suction Mode IEEEI— Location ¢ Top € Side % End
Dizcharge Mode IEEIEI Location ™ Top ¢ Side ¢ End
— Shaft axiz direction
¥, comp ' comp £ comp
1.000

— Location of the center of pump
= by £

11'0-2/4" -1aa 27116 [fin")
! ! !

] 4 I Cancel |

A simpler example is when you do have piping on both sides of the pump. Consider the
network below consisting of two pipe segments connected by a pump.

(suction side) 10-20-30-...-90-100—PUMP+«-200-210-...-280-290-300 (discharge side)

The suction side of the pump ends at node 100. The discharge side begins at node 200. Make
nodes 100 and 200 as anchors so that equipment loads can be calculated. A similar method
applies to turbines and compressors too.

A different dialog is shown for vertical inline pumps. Only Description, Suction and
Discharge nodes are required.

Pump # 1 |

Description |H#1 Pump " Horizontal  © Wertical inline

Suction Mode ISEEI
Dizcharge Mode IEEIEI

Cancel |
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APl 610 REPORT

Upon analysis, you will see CAEPIPE produce API 610 reports under “Rotating Equipment
Reports” in Results.

~i- Caepipe : Botating Equipment Report - [co... =] E3
File Resulks Yiew Opkions ‘Window Help

S EBEE a®

S| = | E

F

Dizcharge node: 250, Location: [Side]. Size: 4.000 [inch]
Offzets from center: dx =1.2999, dy = -5.9423, dz = -1'0" [ft'in"']
Check of condition F.1.7 for dizcharge node 250;

Calculated  Allowed R atio Status
Fe [Ib] 4 320 0.011 4
Fr (b 1 400 0.004 ]
F< (Ib) 21113 260 81,208 Failed
FR (Ib) 21113 570 704 Failed
kdid [f-Ib) 152 930 0,155 )4
kA [ft-lb) 23 500 0.047 4
M [ft-lb) a1 740 0,103 ]
MR [ft-Ib) 173 1330 0130 )4

Condition F.1.2.7 for discharge node 250 failed #**

In addition to the input details, for a specific load case, the calculated forces and moments
(on the nozzle and those at the center of the pump), API allowables, ratios (of calculated to
allowable) and status for all of them are reported.

When you see “Failed” entries in this report, you will need to examine the cause of the high
force or moment for that line item. Generally, the high numbers come from the expansion
load but may well come from the weight load. You must reduce these excessive forces and
moments by making the system or intersections more flexible before this pump can become
compliant.

Note: If you have input multiple temperatures and pressures, corresponding reports for
additional operating load cases will be shown. Use the black right arrow key to see them.
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Use a reducer to join a larger pipe to a small pipe to meet hydraulic flow requirements. A
reducer is Concentric when the axes at the reducer ends are collinear; Eccentric, when they
are not. Use an eccentric reducer only when necessary to keep the top or bottom of the line
level.

In the figures shown below, observe that the two ends of the reducers are of different
diameters. The larger end (at node 20) has the outside diameter and thickness as OD1 and
Thickness 1 (Thk1) with the smaller end (at node 30) having OD2 and Thickness 2 (Thk2).
In case of the eccentric reducer, the eccentricity as shown is between the two axes of the
ends of the reducer. The cone angle, @, is also as shown in the following figure.

_T_ [

OD] == e e - C:fg

ThiokneLssl _LJThiolmess2
F— !

(a) Goncentric Reducer

Eccentricity

() Eccentric Reducer, Momenclature same asin (a)

An eccentric reducer’s eccentricity is modeled by a change in offsets of the “To” node (node
30 in Figure (b) above). Eccentricity is (ID1-ID2) / 2. See example 2 later in this topic.

A reducer (concentric or eccentric) is input by typing “re” in the Type column or selecting
“Reducer” from the Element Types dialog.

Element Types E |
" From " Slip joint £ Cut pipe

" PFipe " Hinge Joint " Beam

" Bend £~ Ball joint " Tie rod

" Miterbend ¢ Rigid element Location

" Yalve " Elastic element " Comment

(+ Heducer O Jacketedpipe ¢ Hydiotest oad
" Bellows " Jacketed bend

ITI Cancel
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The Reducer dialog is shown.

Reducer from 20 to 30 | x| |

0D1 [8.625 Thk1 0.5 finch]  Section 1

oDz | Thk2 | inch) Section 2

Cone angle I [deq]
ak. I Cancel |

OD1, OD2, Thk1, Thk2

These are the cross-sectional properties at the two ends of the reducer. OD stands for
outside diameter and Thk stands for thickness. By default, OD1 and Thk1 contain preceding
section’s outside diameter and thickness, but different values may be typed here. The
Section]l and Section2 buttons can be used to quickly input OD and Thk values from
previously defined sections.

Cone angle

Shown in Figure (a), it is used to calculate SIF at the ends of the reducer for certain piping
codes (B31.1, ASME Section III Class 2, RCC-M, Swedish and Norwegian). For these codes,
if the cone angle is left blank, the maximum value of the SIF (2.0) is used. For all other
piping codes in CAEPIPE, the cone angle is not used.

SIF Calculation

For B31.1, ASME Section III Class 2, EN 13480, RCC-M, Swedish and Norwegian, as
mentioned above, the cone angle (if input) is used to calculate the SIF. If the cone angle is
not input, the maximum value of the SIF (2.0) is used.

For Swedish and Norwegian piping codes, additional input is required which affects the
calculation of SIF.

Reducer from 30 to 40 |
0D1 [8.625 Thk1 |0.5 finch]  Section 1
0D2 [6.625 Thk2 |0.28 finch]  Section 2

Cone angle IEEI [deq]
¥ Eruckles Delta I [inch)

Cancel |

Knuckles

If the reducer is with knuckles check this box.
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Delta

If the reducer is without knuckles, specify delta, which is the mismatch (difference in mean
radii across the weld at the smaller end of the reducer). If the reducer is with knuckles, delta
is not used.

For other codes, if the code is not specific about a reducer’s SIF, then a value of 1.0 is used.
Weight, Stiffness and Stress Calculation

The properties such as weight of the reducer, stiffness, contents weight and insulation weight
are based on the average diameter (of OD1 and OD?2) and average thickness (of Thk1 and
Thk2).

The stresses at each end, however, are calculated using the actual dimensions at each end.
Example 1: Concentric Reducer

To model a concentric reducer as shown in Figure (a) with the following data: 8”x4” reducer,
OD1=8.625”, Thk1=0.322", OD2=4.5", Thk2=0.237".

Create two sections, 8”/STD and 4”/STD.

» The first node (10) is already defined. Press Enter to move to the next row.

» Complete pipe run till node 20: type 20 for Node, type 1 (ft.) for DX, enter material,
8” section and load names, press Enter.

» Input reducer: Type 30 for Node, press Tab to move to the Type field, type “Re” (to
open the Reducer dialog box, note that CAEPIPE displays the preceding 8” section’s
properties for OD1 and Thk1).

Reducer from 20 to 30 | x| |

0D1 [8.625 Thk1 0.5 finch]  Section 1
oDz | Thk2 | finchl
Coneangle [  [deg]
ok | Cancel |

Press the “Section 2 button to select the section at “To” node.

Select Section 2 E |

Mame Mominal |Sch (0D Thik
Diameter [inch] | [inch]

3 EEREERE

B |e*  |sTD|eE25 |D.28

ak. I Eancell

Highlight the 4 section and press OK. 4.5” for OD2 and 0.237” for Thk2 will be entered in
the Reducer dialog.
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Reducer from 20 to 30 |
0D1 [8.625 Thk1 0.5 finch]  Section 1
0D2 |45 Thk2 |0.237 finch]  Section 2

Cone angle I [deq)
Cancel |

Press OK, type 117 for DX (reducer’s length) and press Enter. Now you are asked if you
want to change section, press Yes. “Select Section” dialog will be shown. Highlight the 4”
section and press Enter. Press Enter again on Layout to move to the next row.

Type 40 for Node, 1 (ft.) for DX, press Enter.

# [Mode |Type D3¢ (itin") | D [ftin') | DZ (ftin") | Matl | Sect | Load | Data
1 [ Title = Concentric Reducer
2 (10 Frarm Anchor
3 |20 1o AB3 (4 1
4 130 |Reducer |01 B0 AB3 (4 1
5 140 1o Sy AB3 (4 1
6 | | | I
Concentric Reducer Example1
Y
-
310 20 30 40
=

Example 2: Eccentric Reducer

To model an eccentric reducer (as shown in Figure (b) eatlier in the topic) with the following
data: 8”x6” reducer, OD1=8.625", Thk1=0.322”, OD2=6.625", Thk2=0.28", eccentricity =
(ID1-1ID2) / 2 = 0.958” which is modeled as change in elevation.

Create two sections, 8”/STD and 6”/STD.

» The first node (10) is already defined. Press Enter to move to the next row.
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» Complete pipe run till node 20: type 20 for Node, type 12” for DX, enter material, 8”
section and load names, press Enter.

» Input reducer: Type 30 for Node, press Tab to move to the Type field, type “Re” (to
open the Reducer dialog box, note that the preceding 8” section properties are
already displayed for OD1 and Thk1).

Reducer from 20 to 30

0oD1 |5.625 Thk1 0.5 finch)
oDz | Thk2 | linch)
Coneangle |  [deg]

0k | Cancel |

]|

Section 1

Press the “Section 2” button to select the section at “T'o” node.

Select Section 2 Ed |

Hame Maominal [Sch (0D Th.

Chiarneter [inch]  [[inch]
3 ls© |80 |s625 |05
5 |e* |sTD|EE25 |o28

k. I Eanu:ell

Highlight the 6” section and press OK.

0.625” for OD2 and 0.28” for Thk2 will be entered in the Reducer dialog.

Reducer from 20 to 30

0D1 [8.625 Thi1 0.5 finch]

0D2 |6.625 Thk2 |0.28 finch]

Cone angle I [deq]
Cancel |

]|
Section 1

Section 2

Press OK, type 117 for DX (reducer’s length along X axis), -0.958” for DY (this is the
eccentricity), then press Enter. Now you are asked if you want to change section, press
Yes. “Select Section” dialog will be shown. Highlight the 6” section and press Enter. Press

Enter again on Layout to move to the next row.

» Type 40 for Node, 12” for DX, press Enter.
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# |Mode ‘Type |D><-'(inu:|’}’DY'_lfim:h) IDZ {inch) ‘ b=t |‘Sect|LDau: |Da_ta

1 | Title = Eccentric Feducer

2___ 10 Fram Anchar
'3 |20 12 as3 (8 |1

14 |30 |Reducer|11 -0.958 A3 (8 |1

15 |40 12 As3le |1

The graphics is shown below:

Example 3: Jacketed Reducer

A jacketed reducer may be modeled in the following manner: Calculate the averages of OD1
and OD2, and of Thkl and Thk2 of the reducer. Create a new pipe section with these
averages as OD and Thickness. Insert a pipe at that location which has the calculated average
OD and thickness. You may have to input an SIF (at the two ends) using code guidelines for
a reducer.

Alternate Method: In a jacketed piping system (e.g., 10-20 is a JPIPE, model a reducer next as
you would normally do in a non-jacketed system, i.e., 20-30 is a reducer, followed by a JPIPE
between 30-40). Then, connect the jacket nodes (nodes with the suffix ]) together (on either
side of a reducer) with an outside reducer (shown below) or a JPIPE (jacket pipe). In other
words, on new rows, connect 20] to 30] with a reducer or a JPIPE.
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=i Caepipe : Lapout [11] - [Sample.mod [C:ACAEPIPEAGETLM]] M=l B

File Edit Wiew Options Loads Misc Window Help

E2EES BEE @@

# |Node|Type DX (ftin") | DY (ftin') | DZ [itin") | Matl | Sect | Load | Data
1 | Titke = Sample problem
(2 |10 From Anchor
ERE! Jpipe 20" s53 (B 1
4 |First reducer iz on the caore pipe
5 |30 |Reducer|0&" A53 (4 1
(5 |40 Jpipe 20" A53 (4 1
7 | 5econd reducer is on the jacket pipe. Mote uze of jacket node suffix
2 {20 | From
9 |30) | Feducer 453 10 |1
[ 10 Continue from the last jacket pipe, i.e., from node 40
? a0 Fram Jacket endcap
12
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This support type is a convenient way to specify a translational two-way rigid restraint in the
global X, Y and Z directions. This is most commonly used to specify a rigid 2-way vertical
restraint.

A restraint is input by typing “re” in the Data column or selecting “Restraint” from the Data
Types dialog. Alternately, simply typing “X” or “Y” or “Z” in the data type field inputs a
restraint in the respective direction and moves the cursor to the next row.

Data Types H |

i~ Anchar " Hanger " Shubber

" Branch 5IF " Harmonic Load " Spider

™ Conec. Mass " JacketEnd Cap © Threaded Jaint

" Constant Support © Limit Stop £ Tiime Yaying Load
" Flange " Nozzle £ User Hanger
 Force o ﬂ  User SIF

" Foce Sp. Load  © Rod Hanger = weld

" Guide " Skewed Restraint O Generic 5upport

ak. I Eancell

The Restraint dialog is shown.

Restraint at node 60 |

[T ¥ Resbaint

[T Z Reshaint

ak. I Cancel Wertical

Use the check boxes to apply the restraint in a particular direction (both ways). Click on the
vertical button for a rigid vertical restraint. All three directions may be checked too.

Rigid restraint has a stiffness of 1 x10" (b./in.).
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Results Window

CAEPIPE opens the Results window, one among the four independent windows, either
after analysis of a model or after you open a results file (.res) from the File menu in the Main,
Layout or Results windows.

On successful completion of model analysis, CAEPIPE asks you whether you want to see
results. Click on Yes to continue.

Originial bandwidth =30 Murnber of equations = GO
Mew bandwidth = 18 Stiffress matnix size = 714
Ayerage bandwidth =12 =Gk

Time =0

When you do so, the Results window opens, in which you can view every computed result
for the piping model. This window displays results in an organized manner conducive to easy
understanding of the results. The other windows (Layout and List) may be opened from here
in read-only mode for better comprehension, i.e., any detail in these windows may be viewed
but cannot be modified. To modity the input data, you must open the Layout window in
input mode (by selecting menu File > Input).

A dialog listing the different results for a model is shown below. Select an item to see it.

Results |
© Gasdane O Elementfoces
™ Code compliance i FRP stresses
" Branch conn stieszes © Sorted FRP stresses
" Flange report " Displacements
" Fot. equip report " Frequencies
" Soil restraints " Mode shapes

i~ Support load summary © Accelerations

i~ Support loads

| [k I Cancel
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While viewing results, it is helpful to be aware of the following:

e The name of the results item and the load case (if applicable) are always shown in the title
bar of the Results window. See image below.

=E: Caepipe : B31.8 [2010] Code compliance [Sorted streszzes] - [Bigmodel.res [C:A... =] EX
File Results Yiew Opkions ‘Window Help

EEO @GR EE= A

e Synchronized highlight: When you move the highlight to a node number (or an element)
in the Results window, the highlight in the Graphics window is automatically synchronized
to the corresponding node number (or element).

e One key navigation: By merely pressing the Tab key, you can move forward through the
different results one at a time (Sorted stresses, Code Compliance, Support Loads, Element
forces, etc.). Move backward by using Shift+Tab, or by clicking on the cyan colored
arrows (left and right). In this window, the display order of results is circular, i.e., if you
press Tab from Sorted Stresses, you will see Code compliance next, or if you press
Shift+Tab, you will see Time History results (or whichever is the last item on the list of
computed results).

e Changing Toolbar and Menus: As you move forward or backward through the results, the
toolbar changes with the displayed result. Also, the menu commands in Results and View
menus change. They will contain commands relevant to the displayed result.

e Simultaneous graphics: You can view graphics simultaneously with results (and input).

== Caepipe : ASME Class 2 (1992) Code compliance (Sorted stresses) - [All.res (F:\UMan'LayoutWindow)]

File Results Wiew Opfions Window Help < Menubar !m'
S EBED & 5= @@ <Toolbar lor Next results item |

Sustained (8) Expansion (10} Expansgion (11) Occagional (9) Settlement [10a) ;I
# SL 1.58H | SL SE sA [SE SL+3E | SH+3A | SL+3E SL+30 | 1.88H | SL+30 85 [3.0SC (28

Mode | (psi) |(psl) |1.55H |Mode |(ps)  [(psi) | SA |Mode |(psi)  [(ps)  |SH+SA | Mode |(psi)  |(psi) |T.8SH |Mode |(ps) |(psi) |305C
124 (4090 (25950 (016 |220A |45712 (29325 |1.56 |220A (48743 |48625 |1.05 |40 (21508 (31140 (063  |220A (7444 60000 (012
125 |4090 |25950 (0116|2208 42917 |29325 |1.45 |40A |46673 |48625 |1.00 230 (17553 31140 |0.56  |40a |7345 60000 |0.12
240 |3983 |25950 |0.15 |40A 42824 |29325 | 1465|2208 (46593 (46625 (100  [40A 18960 [31140 (054|240 |5469 (80000 |0.03
25 |3986 |25980 |0.15 (13 |42003 (29325 |1.43 (13 |43935 (46625 (084 |51 14295 [31140 |04 |50 |5185 [B00O0 |0.03
51 |3923 |25980 |0.15 |20a |40100 |29325 | 137 (204 (42020 (46625 (080 [220B(9835  [31140 |03 |51 |4B43 [B00OD |0.08

(12]15  |3775 |25080 |05 |16 Show Sresase 9312 |45625 (084 |26 |moed4  |a1140 029|230 [4151 |so00o [o.07
[13]2208 | 3675 |25050 (014 |2470| oy eiressmaios  [29811 [46625 |083 [120 |8s0 (31140021 |55 |onz2 |eoooo 0.0
[12]s5 |38 |25080 013 |25 ——— 35506 |45625 |076 |10 |16 |a1140 |20 |s0 |1131 |s0000 002
5[40 |3289 (26950 (013 [40B | pce Alowables 34109 |48625 |073 |15 5101 |a1140 |06 |10 |10E@ |so000 002
6 |120 |3251 |25080 |03 |10 0686 |45625 |070  |126 |07 |a1140 |06 |70 |9e7  |soooo ooz
17122 |24z |25080 |02 | 230 Ul 0040 |45625 |066  |124 |s070 |31140 |06 |30 |95 |so000 0.0z
18] 128 [3181 |25950 (012 |20 MEEREEUE 29810 (46625 |0.64 |20A (4282 (31140 |014 |15 |sz8  |eo000 |0.01
Mo la0 (3140 |2s080 012 |26 PrevioLs Result 5635 (45625 |0.55  |20B |4055  |31140 (043|208 |67z |eoooo oo

60 |3073 (25950 (012 |210 (20310 [29325|0.62 |51 21081 |46625 |0.45 55 4050 |31140 {013 20A |646 (60000 |0.01
123 |3053 |25950 |02 |80 (17322 |29325 059|246 (20752 |46625 |(0.45 13 |3983  |31140 (013 16 643 |G00OC |0.01
70 |3042 (25250 1012 |51 171588 |29325 059|680 20462 |46625 |0.44 60 {3790 |31140 ({012 13 |633  |G0000 |0.01
2204|3031 (25950 1012 |70 | 14860 (29325051 |70 17902 |46625 [0.34 245 13541 {31140 |0 245|521 (60000 |0.01
126 |3016 25950 |0.12 | 2476 (12800 |29325 \0.44 | 2460 (13390 |46625 (0.30 24703510 {31140 |01 245) |163 (60000 |0.00 ;l

e =] =] =] =] =] =] =]==]=]|w]wm]~
g ) e Zla
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e For a few items, you will notice left and right black arrows. By clicking on these arrow
buttons (or pressing the corresponding arrow keys on the keyboard), you can change the
load case. Similarly, in some other results, you will notice left and right white arrows. By
clicking on these arrow buttons (or pressing the corresponding arrow keys on the
keyboard with the CTRL key), you can display results for other related items (for example,
while viewing Support loads, you can change over to other supports [like limit stops,
hangers, restraints, etc.]).

o ; Previous/Meaxt
(Shift) Tab| peciits item

Left/Rig ht
Arrow K ay

LTHL+ Previous/MNext
LeltRight | item-same type

Arrow key| [e.q. support]

Depending on the model configuration, you might see more choices within a topic. For
example, you might see the Other Forces dialog from Pipe Forces results screen. You might
also see the Other Supports dialog from Support Loads results.

Each results item has a context menu as shown in the sorted stresses window (see previous
image). Right-click in the results window to see what the context menu offers.

Sorted Stresses

For sorted stresses, you are shown Show stresses, Show stress ratios, Thresholds and Hide
Allowables (see image on previous page). The resulting actions of the first three commands
apply to the Graphics window and the last one applies to the Results window. CAEPIPE
removes four columns (1.58H, SA, SH+SA and 3.0SC) when you Hide Allowables thereby
allowing you to reduce the information presented. See next figure (in which “Allowables” are

hidden).

=I= Caepipe : ASME Class 2 (1992) Code compliance (Sorted stresses) - [Allres (Fi\UMan'Layoutwindow)]
File Results View OCptions Window Help

g EBEE nd | =Ec= HE

Sustained (H) Expansion [10) Expansion (11) Occasional (9) Settlement (10a) =+
# SL SL SE SE SL+EE | SL+BE SL+50 | SL+E0 = 55
Mode | (psi)  [1.55H | Node | (psi) SA | Mode | (psi) SH+EA | Mode | {psi) 1.85H |Mode | (psi) [305C

124 14090 |06 |220A (45712 | 1.66|220A | 48743 105 122 |24110 |0.77 2204|7444 012
126 14020 |06 |220B 42917 | 1.46|40A |46679 |1.00 2204123666 |0.76 404 (7345 (012
240 13288 (015 |40A 42824 |1.46|(2208 |46593 |1.00 123 |23440 |D.75 240 |5469 (002
25 |3%E6 (015 |13 42003 [1.43[13  |43935 |04 126 |21602 |D.69 50 5185 (002
11|51 3823|015 |20A 40100 | 137 (204 42020 (090 124 |21602 |D.69 51 4648|008
12|15 3775 005 |16 [a7rs1s 123|168 [38:2 [0m4 40B 21508 |0.62 230 (#1581 (007
13| 2208 |3675 |04 |2470 [38831 |1.22|247D 38811 |03 230 17853 |0.56 55 2022 (003
(14|55 |38 |03 |25 |[31842 |10s|25  |3s8%6 [076 404 116960 |0.54 G0 1131|002
(15| 204 |3289 |03 [40B [31086 105|408 |34109 [073 a1 14295 |0.46 10 1063 |0.02
16129 |3281 |03 [0 [30238 103|100 |32886 |00 110 | 10852 |0.34 00 |957 (002
17122 |3242 |02 230 |27996 (095|230 |30940 |06 2208|9635 |0.31 80 |956 (002
168|128 |3181 |12 |208 |27863 |0ss|208 |28810 [06s 25 |8984  |D29 15 |828 |0O1
1ole0 |3140 |02 |246 |2oess (070|210 |2sE3s [0ss 15 |5101 0.16 208 672 (007
(20|60 |aors |00z |20 |20810 |0E9|s0 21081 |0.45 128 4481 0.14 204 |B46 (001
21123 |3083 |00z |eo 17322 |058|246 |20782 (045 2048 (4262|014 156|643 |0.01

2|70 3042 012 |81 17168 |0.69 |80 20462 |0.44 129 4058|013 13 B35 |0.01

7
5]
El
10
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Results Window

A few screenshots of Results window with the different results items are shown next.
Code Compliance

Here, CAEPIPE displays the stresses on an element-by-element basis. Sorted stresses screen
(i.e., the previous results item) shows stresses at nodes sorted in the descending order of
stress ratios. In this results item, CAEPIPE displays stresses for each element (highlight is on
element 19, nodes 120 and 122).

I Caepipe : ASME Class 2 (1992) Code Compliance - [Allres (F:\UMan'Layoutwindow]]
File Results ‘View Options \indow Help

S| @EE a@l=Ee

Press. Sustained (3) Expansion (10} Expansion (11) Occasional (9) Settlement (10a) ;‘
# | Node | Allow, [ SL 1.585H | 5L SE 54 | SE | SL+SE |SH+SA | SL+SE | SL+50 [1.85H | SL+50 | 55 3.03C |33
(ps) |(psi) [(ps) | 1.55H|(psi) (ps) | A | (psi) (psi) SH+SA | (psi) (ps) | 1.85H 3.03C

10 1404 (500 |Z716 |25950 |0.10 |[42824 |29325|1.46 | 466759 (46625 |1.00 16560 (31140 |0.54 7345 |B0000 (012
40B |2103 | 4963 |25950 (018 31066 [29325|1.06 |34109 (46625 (073 21508 (31140 |0.69 7669 (60000 (013

(11 (408 |s00 4586 |25950 |08 |31063 29325 | 106 |34106 |46E2s (073 17301 31140 |0.56 7BE3 (60000 (013
50 |2103 | 2687 |25950 (010 |[48564 (29325 |1.66 51251 |46625 (1.10 31614 (31140 |1.02 5185 (60000 (0.09

12|30 (500 |5806 |25950 |0.22 |895251 |29325|2.91|93122 (46625 |2.00 24200 (31140 |0.78 1767 (60000 (0.20
51 1514|3523 |28950 (015 | 17158 (293525 |0.59 (21081 |46625 |0.45 14254 (31140 |0.46 46458 60000 (0.08

13 |51 500 |3923 (25950 |05 | 17158 |29325 (059 | 21081 (46625 |0.45 14295 (31140 |0.46 4645 (60000 (0.05
55 1514|3368 28950 (013 |B327 (29525 |0.22|59694  |46625 (0.1 4050 (31140 |0.13 2022 (60000 (0.03

14|55 (500 |3363 |25950 |013 |B327 |29325|0.22|9694 (46625 |0.21 4050 (31140 |0.13 2022 (60000 (0.03
B0 1514|3078 |28950 (012 |5896 (29525 |0.20(8974 |46625 (019 3700 (31140012 1131 60000 (0.02

15|70 (500 |3042 |25950 |0.12 |[14860 |29325|0.571 | 17902 (46625 |0.38 3204 (31140010 957 |B0000 (0.02
80 1514|3140 | 28950 (012 | 17322 (29325 |0.59 | 20462 |46625 |(0.44 3340 (31140 |0.11 956 (60000 (0.02

16|25 (500 |3966 |25950 |0.15 28011 |29325|0.96 |32708 (46625 |0.70 G703 (31140 |0.22 9265 |(B0000 (015
90 1514|2977 |28950 | 011 | 458 29325 |0.02 13435 46625 (007 3021 31140 |0.10 28 60000 |0.00

17 1100 (500 |2971 28950 |0.11 |[183 2932500113153 |46625 (007 3000 (31140010 17 50000 10.00
10 |1514 |3077 (25950012 |72 29325 |0.00 (3149 |46625 (0.07 321 31140 |0.10 24 B0000 |0.00

18110 (500 |B034 25950 |0.23 (130 29325 |0.00 3249  |46625 (007 B168 (31140 |0.20 43 B0000 |0.00
120 5712 |28950 (022|361 29325 |0.01 | 37458 |46625 |0.08 B550 (31140 |0.21 98 50000 | 0.00

191120 (500 4801 |25950|0.19 (137 29325 |0.00 | 3478  |46625 |0.07 5119 31140 |0.16 37 B0000 |0.00
122 (1514 | 3242 |258950 012 |61 28325 1000|3303 (46625 |0.07 3395 31140 |0.11 10 50000 |0.00

200123 |s00 |ans3 |2sss0 |02 a1 29325 100013094 46625 |0.07 3231 31140 /0.10 5 G0000 10.00 LI

Branch Connection Stresses

Branch connection stresses are available for only a few piping codes such as ASME Section
III. You can change the load case by pressing the left or right black arrow key.

~i- Caepipe : Branch Connection Stresses: Sustained [w_.. =] E3

File Resulks ‘iew Opkions Window Help

S EEED aQ|EE | =@

Freszure Fun / Branch Tatal | Total
# |Mode Type B1 stress B2 koment | Stresz | Stress | Stess
[psi] [ft-Ib] [pzi] |[pszi] [1.55H

1 |35 [Reinftee|0500(-2583 (21001537 (1494 |-&54 |-0.03
2.100 | 555 540

374



Results Window

Hanger Report

=E: Caepipe : Hanger Repont - [hangers. mod.rez [C:3\Uzers\ShpO.._ [l=] B3
File Results Wiew Options Window Help
S EEE @@ i=éeEs
Spring | %ert [Horz [Hot | Cold ;l
# |Mode|Mao| Type Figure [ Size | rate travel | travel [ load |load |ar
af Mo, [Ibdinch] | inch] [ [inch] [(B] (8] | %]
193|158 (1 [RodHanger Rigid
[20]306 |1 |Rod Hanger Rigid
[21]312 |1 |RodHanger Rigid
[22|238 |1 |Rod Hanger Rigid
E ME (1| Grinnel B-268 |10 | 260 0547 (00341391 11534 |10
H 380 (1 | Uszer hanger 200 Q168 (0406|775 (309 |4
25415 |1 |Rod Hanger Rigid
[26]440 |1 |Rod Hanger Rigid
E 475 (1 | Grnnel B-268 |11 |340 0112 (0566|1668 1706 2
[26]517 |1 |Rod Hanger Rigid
23518 |1 |RodHanger Rigid
(20(|522 |1 |RodHanger Rigid
? B3 (1 | Grinnel B-268 | 5 63 0229(1.181 280 (294 |& =

Flange Report

i- Caepipe : Flange Report - [complex1_res [(\WCDY-YISI0.__ =] E3

File Resulks Yiew Opkions ‘Window Help

S EAEE ad|i=se

Bending | &xial | Gazket |Flange |Allowable | Flange
# |Maode | Pressure | mament | force | diameter | Pressure | Pressure | Pressure
[pi] [ft-Ib] (6] [inch] [psi] [pzi] Allowable

1 |40B (200 20765 | 11002 | & E4ER 3000 2155
2 | 408|200 333 18822 (75 a097 5000 1.018

See the end of the “Flange” section for suggestions on how to reduce the ratio in the last
column.

Rotating Equipment Reports

The rotating equipment reports are produced for all Operating load cases. The example
model shown below has several cold spring operating load cases and hence you see the left
and right black arrow keys.

The left and right white arrow keys advance (or go back) to the next (or previous) rotating
equipment report.
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=E: Caepipe : Rotating Equipment RBeport - [co... =] Ed
File Results Wiew Options Window Help

S EEE a®

= E | = e =|E

F

Digcharge node: 280, Location: [Side]. Size: 4.000 [inch]
Offzets from center: dx =1.2999, dy = -5.9423, dz = -1'0" [ftin"']
Check of condition F.1.7 for dizcharge node 250;

Calculated  Allowed R atio Status
Fa (b 4 320 0.011 ak,
Fr (b 1 400 0.004 )4
FZ (k) 21113 260 81,205 Failed
FR (Ib) 21113 a70 7040 Failed
b [F-Ib) 152 930 0,155 )4
kA [ft-lb) 23 500 0.047 4
M [ft-lb) a1 740 0,103 ]
MR [ft-Ib) 173 1330 0130 )4

Condition F.1.2.7 for discharge node 250 failed ==

Soil Restraints

Soil restraints are shown when you have buried piping in your model.

i- Caepipe : Soil Restraints - [p26.mod.res [C:\Users\ShpOffice\DesktopsM1 ... =] B3

File Resulks ‘iew Opkions Window Help

S EEE a@® i=es
Aal Tranzverze Yertical Diown Yertical p
% [From|Ta |Shffness |Max Load | Stiffress | Max Load | Stiffness [ Max Load | Stiffness [ Max Load
[Ibdinch] [ [lb] [Ibdinch] | [Ib] [Ibdinch] | [Ib] [IbAirzh] | [1b]

1 (10 |20 (19296 (10147 |36425 (18577 209033 | 106640 (56016 | 28568
2 |20 |30 (15338 (V823 631385 | 352313 518886 | 264632 (530333 [ 301353

Support Load Summary for 150+ Load Combinations

This gives you a summary of many combinations of different load cases by showing the
algebraically minimum and maximum loads at each support. This table can be of use to a
support designer (not all are shown below).
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=E: Caepipe : Support load summary for anchor at node 10 - [complex].res (ACDY-VISIO. . =] E3

File Results Wiew Options Window Help

S EEE a®=Ee e

Digplacements [global] ;I
Load cambination Fellb) |Fy (el [F2 k) | e[k | Y [fHE] [ ME [fHR) | Tineh] [ Tinch] 2 inch

Cold springl +5ettlement | -19755 | 4678 -2644 | -1082  |-8746 | G336 0.000 (0000 | 0.000
Cold spring2+Settlement | -21785 | 2995 T2 | 2427 -4196 4535 0.000 (0000 | 0.000
Cold zpring3+Settlement | 16248 | 1918 17268 | 4100 99573 [ 3063 0.000 (0000 | 0.000

Hydrotest -328 2813 148 8a5 1360 4286 0.000 (0000 | 0.000
Cold zpring0+4find 104 2872 11109 | 1498 -B8550 | 4366 0.000 (0000 | 0.000
Cold gpring +wind -19306 5633 2350 |-3273 (6597|814 0.000 (0000|0000
Cold zpring2+4/ind 21916 (3949 4045 | 237 2047 [5840 0.000 (0000 | 0.000
Cold zpring3+#find 16097 2873 16952 | 1309 97424 4368 0.000 (0000 | 0.000
Cold zpring0+5 ismic 8863 362 12452 | 2539 -B1037 4763 0.000 (0000 | 0.000
Cold zpring0-5 eizmic 5342 28397 3E41 43 -7AFE3 (3991 0.000 (0000 | 0.000

Cold zpring1 +5 eizmic 18141 (5923 -IB0E |22 TE 8538 0.000 (0000 | 0.000
Cold spring1 -5 eismic -21668 5358 4418|4283 |13811 | FVEE 0.000 (0000 | 0.000
Cold zpring2+5 izmic 20151 (4240 2704|1278 B4EE E237 0.000 (0000 | 0.000
Cold spring2-5 eismic 23678 [ 3675 A51E | -FED -3261 5465 0.000 (0000|0000
Cold zpring3+5 eizmic: 17862 |3163 18236 | 2951 -83311 4765 0.000 (0000 | 0.000

Cold zpring3-5 eismic 14335 (2598 16424 | 293 -104638 (3932 0.000 (0000 | 0.000
Celd spring0+Responze | 7334 3077 11783 | 2351 -63331  [4B46 0.000 (0000 | 0.000
Cold zpring0-Responze | B277 2E82 10310 | BES 73483 (4107 0.000 (0000 | 0.000

Cold zpring1 +Responze  |-19076 | 5838 2275|2418 |1378 0 |84 0.000 (0000 | 0.000
Cold springl-Response  |-20733 | 5443 3748 |41 11516 | 7882 0.000 (0000 | 0.000
Cold zpring2+Responze  |-21085 | 4154 3374|1090 N E120 0.000 (0000 | 0.000
Cold spring2-Responze | -22743 | 3760 -4247 | -552 -B3E7 [ 55 0.000 (0000|0000
Cold spring3+Responze | 16327 | 3078 17626 | 2763 92206 | 4648 0.000 (0000 | 0.000
Cold zpring3-Responge | 15270 | 2683 16163 | 1021 102344 (4109 0.000 (0000 | 0.000
Celd spring0+Time histary | 7105 2873 11046 | 1511 -68335  [4576 0.000 (0000 | 0.000
Cold zpring? +Time history | -19305 | 5E40 33 |-32600 | -B442 |E81R 0.000 (0000 | 0.000
Cold zpring2+Time higtory | -21916 | 3957 4111 250 -1893 (5850 0.000 (0000 | 0.000
Cold spring3+Time history | 16035 | 2380 16883 | 1922 97270 (4378 0.000 (0000 | 0.000
Cold zpring0+Harmnonic | 7106 2873 11046 | 1510 -B2400 4377 0.000 (0000 | 0.000
Cold gpringd-Hammonic | 7105 2879 11046 (1510 -B3401 4377 0.000 (0000|0000
Cold springl+Harmonic - |-19304 | 5640 32 |-3260 0 |-B447 | H152 0.000 (0000 | 0.000
Cold zpringl-Hamonic  |-19305 | 5640 32 |-3260 | -B442 0 | H152 0.000 (0000 | 0.000
Cold spring2+Harmonic | -21314 | 3357 4110|249 1837 5851 0.000 (0000 | 0.000
Cold spring2-Harmonic  |-21914 | 3957 4110|249 1833 (5851 0.000 (0000 | 0.000
Cold zpring3+Harmonic | 16093 | 2831 16830 | 1922 97274 (4379 0.000 (0000 | 0.000
Cold spring3-Harmonic | 16035 | 2531 16830 | 1922 97275 4378 0.000 (0.000 |0.000

b airnLarn 17862 | 5923 18295 (4100 R466 8538 0000 (0000 {0000
kirirnirmn -2a67a 11917 -B516 -4289 104632 | 3061 0.000 (0000 0000 |
« | 2] 4
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The supports at which a load summary is available can be shown by clicking on the Other
Supports button (immediately to the left of the left white arrow button). Select the support
from the list of available supports.

COther supporks
Support load summary |

Made | Type

10 | &nchaor
a0 Anchor
2l Anchor
a0 Hanger

k. I Cancel |

Here, support load summaries are available for the four supports shown. Summaries may be
included in the “Print to file” option (in addition to inclusion in formatted reports).

Support Load Summary includes Global displacements at each support for load cases and
combinations.

| <o

Dizplacements [global)
& [inch] [ [inch] |2 [inch]

0.000 (0000|0000
0.000  (00oo {0000
0.000 (0000 {0000
0.000 (0000 {0000

To clearly show the direction of each limit stop among multiple at the same node, the
direction is shown alongside the limit stop (see node 60 below).
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Support load summary |
MHode | Type

10 Anchor

i Anchor

an Anchor

30 Hanger

B0 Lirmit Stop [0.00,1.00,0.00)

B0 Lirnit Stop [1.00,0.00,0.00)

(] I Cancel |

Support Loads

Support Loads are shown for all support types. For a support type, the support loads can be
shown for all load cases by clicking on the black right/left atrow or simply press arrow keys
on the keyboard. A list of load cases can be shown by clicking on the Load cases button.

Operating Pw+F1+T1]
Dperating [w'+F2+T 2]
Operating [w'+F3+T 3]
Cold zpring [+

] 4 I Cancel

Rezponse spectium

Time higtory

" Cold spring Pw+P1+T1]
" Expansion [T1] " Cold spring Pw+P2+T 2]
{” Expansion [T 2] " Cold spring fw+P3+T 3]
Expanzion [T 3] " Settlement
Expanzion [T1-T2] i~ Hydratest
Expanzion [T1-T 3] " Seizmic [g]
Expanzion [T2-T 3] " Wwind
8
i
i

Harmonic responze

e i i Tie TN DN e

Support loads on all the supports in the model are shown in the next window. The window
first shows anchor loads, if present. Then, when you click on the left or right white arrow, it
shows you loads at different supports.
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=E: Caepipe : Loads on Anchorz: Sustained [W+P] - [co... |l=] E3

File Results Wiew Options Window Help

S EED a® | e e |HeD

 |Mode[F<(Ib] [Frb] |FZ(b] | W& [f-DB) [ WY [f-R) [ M2 (-]
1 |10 [-87 2674 173 Bay 1396 4097

EREE:: 1829|1382 |4m7s |00 |2mse
3 |a0 383 [4141 |31 4011 |93 5736
4 |250 |0 2557 |4 26 a5 109

You can find out which other supports are in the model by clicking on the Other Supports
button (immediately to the left of the left white arrow button). When you click on this
button, the list of available support types is shown. Select the type.

Other Supports | x| |
" anchors " Restraints
" Guides @ Skewed reshart
" Limit stops " Snhubbers
" Mozzles

ok I Cancel

Results from Multiple Thermal and Wind Loads

Displacements, Support Loads, Element Forces, etc., are calculated for the below shown
thermal and wind load cases, among others. Expansion stresses under the Sorted Stresses
screen will show the worst thermal case. Similarly, if any of the four wind load cases happens
to be the worst among all occasional loads, then it will be shown under occasional stresses.
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Load cases
% Sustained [w+F) Expansion [T1-T 3] Expanzion [T3-T10] Dperating [w+R1+T1] 7 Seizmic (o]

Sustained [w+P1] Expansion [T1-T4) Expansion [T4-T5] Dperating [W+P2+T2] 0 Wind
Sustained [W/+P2] Expanzion [T1-T5] Expanzion [T4-TE] Dperating [w+P3+T3) 7 Wwind 2
Sustained [W/+F3] Expansion [T1-TE] Expanzion [T4-T7] Dperating [w+P4+T4] 7 Wwind 3
Suztained [w+P4) Expanzion [T1-TF) Expanzion [T4-T8] Dperating M+P5+T5] 7 wind 4
Sustained [w+P5) Expansion [T1-T8) Expansion [T4-T5] Dperating [W+PE+TE] {7 Response spectm
Sustained (w/+FE] Expanszion (T1-T9] Expanszion [T4-T10] Operating [W+P7+T7) £ Time histony
Sustained [W+F7] Expansion [T1-T10] Expanzion [T5-TE] Dperating [+PE+T8] 0 Hamonic response
Sustained [w+P3] Expanzion [T2-T3) Expanzion [T5-T7] Operating [t +F9+T 3]
Suztained [w+P3) Expanzion [T2-T4) Expangion [T5-TH| Operating [t +P10+T110)
Sustained [wW+E10) Expansian [T2-T5) Expansion [T5-T9) Cold spring [w-+F)

i Tl e T T B T T TN [ T i T T T I B i T R

o]

Expanzion [T1]
E spanzion [T2]
Expanzion [T3]
Expanzion [T4]
Expanzion [T5]
E spanzion [TE]
Expanzion [T 7]
Expanzion [TE]
Expanzian [T9]
Expansion [T10]
Expanzion [T1-TZ]

Cancel

o e e e s e e e Bie e e e e e e Biie Shie Bie e e DNie DNie

Expanzion [T2-TE]
Expanzion [T2-T7)
Expansion [T2-T &)
Expanzion [TZ-TH]
Expanzion [T2-T10]
Expanzion [T3-T4)]
Expanzion [T3-T5)
Expanzion [T3-TE]
Expanzion [T3-T7]
Expanzion [T3-TE]
Expanzion [T3-T3)

Expansion [T5-T10]
Expanzion [TE-T7]
Expanzion [TE-TE]
E xpanzion [TE-TH]
Expanszion [TE-T10]
Expanzion [T7-TE]
Expanzion [T7-T3]
E xpanzion [T7-T10]
Expanzion [TE-T9]
Expanzion [TE-T10]
Expanszion [T3-T10]

e i i N T i T i T i i i T T B i T i T T

aie e e s e Nie s s e Nie Nie s e Nie e Nie e Nis e e e’

Cold zpring [W+F1+T 1]
Cald zpring [Ww+F2+T 2
Cold zpring [W+F3+T 3]
Cold zpring [w+F4+T 4]
Cald zpring [w+F5+T5)
Cald zpring [WwW+FE+TE)
Cold zpring [W+FF+T 7]
Cold zpring [w+FPE+TE]
Cold zpring [w+P3+T9]
Cald zpring [/ +F10+T10
Huydrotest

Element Forces

Forces and moments on all pipe elements are shown next. If you had other elements such as
a valve, you can display forces and moments for them too by clicking on the Other Forces

button on the toolbar.

i- Caepipe : Pipe forces in local coordinates: Sustained [w+P) - [comple... W=l E3
File FResults Miew Opkions Window Help
S EE0 @@ e @ et
# |Mode |F« fy fz Y iy mz B1 (B2 |5L
[l [[a]] (1) [Flb] | [FE] | [F-lb) [p=i]

1 (10 -87 2674 (173 aav 1386 4097 (050 1.00 | 4750

15 -87 4100 (173 aav 517 |-11146 (050 1.00 | B055
2 [15 -87 -4082 (173 aav 617 |-11146 (050 1.00 | 8065

204 |87 2998 (173 aav -2h 967 0.50)1.00) 3230
3 208 |-87 173 2933 | |av 967 2A 0062431853

208|173 ar 2461|3989 |1977 |-286  |0.0B(243 5593
4 (208 |173 -2461 | &7 3933 | 256 1977 (0.50]17.00| 4771
_25 173 1852 [ &v 2933|423 B122 (050)1.00|6171
LT 168 92 393 4256 | 419 A052 (0.50)1.00| 5828

an 168 1042 393 4256|1593 2352 (060]1.00|5352
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The default view for forces and moments is in the local coordinate system. They can be
shown in the global coordinate system too by clicking on the Global forces button (or
selecting Global Forces command from the Results menu, hotkey: F7). When you select
Global forces, the forces and moments are shown in global coordinates and the button
changes in the same location (on the toolbar) to an “L” for Local forces. So, should you
want to return to pipe forces in local coordinates, simply click again at the same location on
the Local forces button.

mE= Caepipe : Pipe forces in global coordinates: Sustained [(w+P] - [compl... =] E3

File Results Wiew Options  Window Help

S EEE a®|isSec e HED L
B |Mode |F< Fr FZ bl kel el - k

(b}  [0b)  [0b)  |(eE) [(feE) [(fe)

10 a7 2674|173 (-BEFY (1396 |-4097
15 87 4100 1173 (8&F | -B17 [-11146

15 ar 4082 |73 (B (BT [1114E
208 |87 2333|173 (887 |-5 967

:
B
(3 |206 |87 |299 |73 |ee7 |25 |-%67
4|
5 |

208 |87 2461|173 (1977 | 256 |3389

20B |87 2461 |73 (1877 |-2BE |-3989
25 -7 1852 1173 [-B122 423 |35989

25 393 |82 168 |6052 |-419  [-425E
30 393 |1042 (168 |-3352 | 1598 |4256 -

The convention in CAEPIPE is to display the headings for global forces and moments in
uppercase (FX, FY, FZ, etc.) while display the headings for local forces in lower case (fx, fy,
fz, etc.).

Sorted FRP Stresses

I- Caepipe : Sorted FRP stresses: Sustained (wW+P] - [complex]_res [MCDV-VISIONMANAS haredF o [ll[=] E3

File Resulks Miew Opkions Window Help

S EEE a®

e | @ HEBE

Hoop b ax Long tin Long Torzion
B [Mode|Stress [Allaw |Stress! |Mode | Stress [Allow | Stressd | Mode | Stress | Allow | Stiess! | Mode | Stass | Allow | Stassd
[psi] [pzi] | Allow [psi] [pzi] | Allow [psi] [pzi] | Allow [psi] [pzi] | Allow

2208 | -5B3E (1500|380 (260 |-3236 (1500|216 | 2204 |-5935 (1600 |35 | 2208|158 2500 (0.08
2204 | -5636 (1500|380 (240 |-2833 (1500 |1.83 |20 |-4837 (1500|322 |240 |158 2500 (0.08
2208 |-5636 (1500 |3.80 (240 |-2833 (1500 |1.83 | 2204 |-4130 (1500|273 |230 |158 2500 (0.06
280 | -BE3E (1500|380 (230 |-2751 (1800 |1.82 | 280 |-4071 (1800|271 |240 |158 2500 (0.06
210 [-5E36 | 1500|280 |230 |-2751 (1500 (1.83 | 2208 |-4003 [1500 |267 |250 |153 2500 | 0.06
230 |-5636 (1500 |3.80 (2208 |-2663 (1500 |1.72 | 240 |-3647 (1500|243 |230 |158 2500 (0.06
240 |-5E36 (1500 |3.80 (2208 |-2140 (1500 |1.42 | 240 |-3647 (1500|243 | 2208|158 2500 (0.06
240 |-5636 (1500 |3.80 (2204 )-1506 (1500 |1.00 230 |-3564 (1500|233 210 |10 2500 (0.00
2208 | -BE36 (1500|380 (210 |-853 (1500|057 |230 |-3564 (1600|238 | 2204 |10 2500 (0.00
230 |-5B3E (1500|280 | 2204|239 1500 (016 [220B |-3481 (1500|232 2204 |10 2500 (0.00
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The various FRP stresses such as hoop, maximum and minimum longitudinal and torsional
are sorted here by descending order of stress ratios assuming you have input the material
allowables.

Displacements

Displacements for all load cases can be shown (operating load case shown here). Click on the
black left/right arrow to show displacements for other load cases. You can show the
deflected shape in the graphics window for any load case by clicking on the button to the left
of the “A” button.
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=E: Caepipe : Dizplacements: Operating (w+P1+T1] - [... =] E3

File Results Wiew Cptions Window Help

S EEER @@= E= S |EHE
B Dizplacements [global]

Made [# [inch] | [inch] £ [inch] [#&4 [deqg] | v [deg] | ££ [deqg)

1 |10 0ooo (0000|0000 00000 | 00000 | 00000

(2 |15 0203 (0000 |-0274 |-00BES (04128 |-0.0715
3 [20e |08 |00 |05 [0117e |D1s20 |-01E82
(4 (208 0202|0093 |0410 [02209 |08m17 |-01042
(5 |25 004 (0002 |-0323  )-02967 | -09392 |-0.0659
KD 0890 (0237 |-0186  |-0.4538 |-04421 | 00053
7]
& |
EB
0]

35 0.6EB (0559 (-0.043 (-05018 (00920 (031597
408 [-0617 (0¥06  [0.020 |-0.4067 (02051 [0.4337
408 (0357 (0706 (0109 (00913 (02151 (05604
&0 00og 0500 0000 00000 |00000 | 0.0000

1155 0463 (0115 (0.0 04610 |-0.2150 (-0.1881
12|60 0336 (0074 (0103 (-04621 (-0.0910 (00148
(13| 70 0246 (0082 (01383 |-04623 (-00771 (00143
El 0aooo  (00dd (0200 (0.0000 (0.0000 |0.0000
EEE: 0058 (0014 (0126 |-0.2930 (-0.9385 (-0.0720
[16|100 [-0388 |0564 |-0088 |-0.7964 |-0.0525 |0.0288
17|10 |04z |0857 0075|0798 |0.0515 |0.0377
(1g|120 [-0295 |0547 |-0062 |-0.800 |-0.0518 |0.0642
19|12z [-0249 |0527 |-0049 |08123 |-0.0674 01288
(20(123 |0.249 |0500 |0035 |08123 |-00674 01288
(21 |124 [-0203 |0467 |09 [-08216 |-0.0864 |0.2185
221125 |0.203 |-0467 |-0M3 |-0826 [-0.0884 |0.2185
231126 |-0158 |-0407 (0002 |-08308 (01174 |0.3447
241127 |-0158 |-0407 0002 |-0.8308 [-01174 | 03447
25128 |0M2 0325 0030 |-0.8400 [-01604 |0.4103
26(123 |-0068 |-0233 (0.084  |-0.8400 (-07604 | 04103
271130 (0075|0130 (0273 |-0.8387 [-0.1593 |0.4633
2813|0835 (0086 |0036 |00937 [-01805 |0.4400
239|132 |0583 0176 (0073 |00391 [-01810 |0.3730
30133 |-0543 (0240 (07112 00936 |-01826 |0.1836
A |180 |-0.497 (0280 (0150 |03000 |-01853 |-0.1420
32210 |07 0212|028 |-0507 [04673 | 0.3366
33| 2204 | 0964|0342 0369 |-04775 (032822 |0.8151
34| 2208 |-0.664 0435 |-0.345 |-04336 [0.2956 |0.9052
35230 |-0483 0327 |-0253 |-03883 (02634 |0.77E9
36240 0333 (0220 |-0183 |-03332 (02112 |0E4EE
37| 250 |0.000 0000 (0000 (00000 |0.0000 00000
28|70 |-0248 (0117|0700 | -0.8407 [-0.1E616 |0.4099
a3 (1000 |01 |-0037 (0098|0663 (01327 (01137
a0 1000 | -0.205 |-0037 (0074 |-0.8408 [-01616 |0.4033
411100 0185 0104 (0083 |-07359 01484 01822
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You can animate the same deflected shape by clicking on Show animated deflected shape
(last) button in the toolbar.

You have the option of showing the deformed state coordinates in the global coordinate
system along with the displacements at each node.

Yiew Oplions  Window  Help

shows deflected shape
Showe animated deflecked shape
IMaanificaticn. ..

Showw deformed state coordinates

Graphics Fz
Viewwpaoinkt, .. F4
Presviaus view =5
Zoorm Al CErl-iy
List. .. CErl+L
Find Mode. .. Ckr+F

Center of Gravity, .,
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ml= Caepipe : Dizplacements: Operating (w+P1+T1] - [complex]._res (ACDV-YVISIONMANASh... =] E3

File Results Yiew OCptions MWindow Help

S EEED ea® S @ EHaes | B2E

# Dizplacements [global] Deformed state coordinates
Mode |® (inch] [ (inch] |Z(inch]  |#x[deg] |7 [deqg) |22 ([deg] [=I[fin"] [ (R |2 [fn")
1 |10 0.000 0000 [0.000 00000 00000 [0.0000 1] 0 1]
2 |15 0.203 0,000 0,274 -0.0662 04128 0.0715 45169 0 -0.0228
ERETR k= -0.1Mm 0515 01176 01520 -0.1682 FOR17 -0.0034 -0.0429
FREEEE -0.099 0410 -0.2209 -0.8817 01048 90235 -0.00233 1.0439
5 |25 -0.104 0002 0323 -0.2967 -0.9392 -0.0659 8.9913 0.0001596 | 29731
K -0.530 0237 0186 -0.4533 044211 00083 8.9508 0.0193 5.9845
7 |5 -0.6E5 0.559 -0.045 -0.50148 0.0920 03197 8.944E 0.04EE 8.9959
5 |
ER
0]
W

404 | -06M 0.706 0.020 04067 | 0.2051 0.4337 8.34971 0.0583 10,5016
408 |-0.257 0.706 0109 00913 02151 0.5604 8.9703 14412 (12,0091
50 0.000 0.500 0.000 0.0000 0.0000 0.0000 30 A112" 120
55 -0.463 0115 0.0m 04610 |-0.2180 | -07183 11.9615 [ 0.0095 E'0"
12 |60 -0.336 0.074 07103 -0.4621 0.030 (00143 145720 [ 0.0062 £.0036
13|70 -0.246 0.0sz2 0133 04623 |-0.077 0.0143 16.9735 | 0.0063 B.0115
14|80 0.000 0.000 0.200 0.0000 0.0000 0.0000 230 -1t E.O1E7
15|30 -0.058 -0.014 0126 02330 [-0.8385 (00730 39952 0001162 | 2.9335
16100 |-0.334 -0.564 -0.022 07964 [-0.0626  [0.0233 109677 |-0.0470 | 29927
17 (110 |-0.342 -0.557 -0.075 07338 [-0.0815  [0.0377 11.9715 |-0.0465 | 23337
18120 |-0.295 -0.547 -0.062 -0.8031 0.0618 [ 0.0642 129754 [-0.0456 | 29348
19122 |-0.249 -0.527 -0.049 08123 [-0.0874 (071288 139792 [-0.0433 | 29989
200123 |-0.249 -0.500 -0.035 08123 [-0.0674 (01233 149732 | -001/2" | 29371
211124 |-0.203 -0.467 -0.019 08216 [-0.0864 (02185 159330 (00383 | 29934
22125 | -0.203 -0.467 00113 08216 [-0.0364  [0.2185 159830 (00383 | 23334
23|126 |-0.158 -0.407 0.002 08308 [-01174 (03447 163369 |-00333 | 30"
241127 |-0.158 -0.407 0.002 08308 (01174 (03447 16.9369 |-0.0333 30"
250128 |02 -0.325 0.030 -0.8400 [-0.1604 (04103 179307 | -0.0271 3.0025
261129 |-0.06E -0.233 0.0e4 08400  [-0.1604 (04103 189345 (00193 | 3.0083
271130 | 0.075 -0.130 0.273 08387 [-015893 (04633 200063 [1.0158 | 30228
28131 |-0EB35 0.036 0.036 0.0337 01805 [ 0.4400 133471 (058928 | 3.0030
29132 |-0589 0176 0.073 0.0991 01810 (03790 209510 | -09853 | 3.0061
300133 |-0.543 0.240 01z 0.0336 01826 (01336 219548 [-0.8800 |3.0033
3180 |-0.497 0.250 0150 01000 01863 [-01430 (2296368 | -011-3/4" | 20125
32210 |1.075 0212 -0.281 06017 | 04673 0.3366 9.9104 0.m77 8.97EE
33| 2204 |-0.964 0.342 -0.369 04775 |0.3822 0.8151 109136 [ 0.0285 8.9632
34| 2208 |-0.EE4 0.435 -0.245 04336 | 0.2956 0.9052 11.9447  [-059E38  |8.9712
35230 |-0.433 0.327 -0.259 03833 |0.2534 0.7753 119534 [1.5727  |8.9785
36240 |-0.339 0.220 -0.183 03332 02112 0.E4EE 119718 [-25817  |8.9248
37260 | 0.000 0.000 0.000 0.0000 0.0000 0.0000 120 -2 0
35|70 |-0.248 o1y 0100 08407 [-01616 [ 0.4033 16.9733 [ 0.0033 £.0033
39| 1000 |-0.211 -0.037 0.094 06633 (01327 (01137 17.2324 | -0.0031 5.0032
40 (1000 | -0.205 -0.037 0.074 08408 [-01616  [0.4033 17.2329 | -0.003 5.0062
4111010 |-0.185 -0.104 0.083 07383 (01484 (01822 174846 [-0.0085 | 4.5069
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Also, you can show Minimum/Maximum displacements, displacements at flexible joints (if
any) by clicking on the Other displacements button and selecting the item of interest (or by

clicking on the left/right white arrows).

=]

Other Displacements

Al
= Min / Max
" Balljoints

* Flex joints

o]

" Guides

" Hangers

" Limit stops

Cancel

Displacements in local coordinates for all flexible joints (bellows, ball, hinge, etc.) are shown

under Flex joints.

~i- Caepipe : Flex joint displacements in local coord: Opera... [ l[=] E3

File Resulks

View  Oplions

Window Help

S EBEE @

S | S EDt

# |From|To |Tepe |x(inch] [w(inch] |z [inch] | = [deqg] |y [deg] | zz [deg]
1 |90 |100 |Bellows|-0.330 |-0650 (0038 |-04974 (08723 (01068
2 122 |123 Slip 0ooo 0027 (0014 |0.0000 (00000 0.0000
3 124 |125 Hinge |0.000 {0000 (0000 (00000 |0.0000 (00000
(4 (125 [127 |Eal 0000 0000 (0000 |o0.0000 (00000 000000
(5 130 {171 |Elastic [0710 0276 |-0238 |0.9374 |-0.0206 [-0.0282

Minimum/Maximum displacements for each load case can be shown (Sustained load case
shown below). You can show minimum/maximum displacements for other load cases by
clicking on the black arrows.
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kE: Caepipe : Minimum & Maxzimum Dizplacements: Operatin... [l[=] B3
File Results Wiew Options Window Help

S EEE| a@( = @ |EHEeE
Direction | Type Walue Mode

it Minimum [ -1.075 210

[inch] b awimum | 0.358 204,

Ny Minimum [ -0.564 100

[inzh] M adiriurn | 0706 4084,

z Minimum [ -0.515 208,

[inzh] b asirum | 0273 130

e Minirmum | -0.8408 1010

[deq] b a&irurm | 01000 150

T Minirmum | -0.9392 2h

[deq) M awimum | 04573 210

i Minirmum | -0.7881 55

[d=q] M adiriurn | 09052 2208

Displacements at “Other supports” can be shown (limit stops shown here).

~i- Caepipe : Displacements at Limit stops in Local Coord: ... =] E3
File Resulks Yiew Opkions ‘Window Help

S EEE aQ(EE> | @ |[HED|t
# |Mode |=[inch]  [wlinch) zlinch] |®comp |Ycomp £ comp

1 |123 [-0.500 0.243 -0.035 0.000 1.000 0.000
2 1240 (0220 0.339 -0.183 0.000 1.000 0.000

Frequencies

A list of natural frequencies, periods, modal participation factors and modal mass fractions is
shown next. You can show each frequency’s mode shape graphically or animate it by clicking
on Show mode shape or Show animated mode shape button in the toolbar.
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eE: Caepipe : Frequenciez - [complex]_rez [\CDV-¥I510._. =] E3

File Results Wiew Options Window Help

S EEED a® == =28

# | Frequency | Perod Participation factars todal mazs A Taotal mass
[Hz] [zecond] | = N & s N £
1 |0.774 1.2912 21450 |0.0B12 |-0.2165 (0.0833 | 0.0007 | 0.0008
EBLEED 1.2082 |0.2265 |0.0064 [21547 (0.0007 | 0.0000 |0.0839
3 [2435 04107 |-2.0835)-0.0087 [ 0.0083 (0.0598 | 0.0000 | 0.0000
(4 | 2593 02783 [-41546 | -02973 (01726 (02376 | 0.0012 | 0.0004
5 | 3601 02777 |-0.2704 101900 (02373 (00010 | 0.0005 | 0.0016
5 [4.014 02491 [-0.9339|0.0473 [-4.5433 (0.0720 | 0.0000 | 0.2842
7 | Total | 0.3745 | 0.0018 | 0.3507

Each frequency’s mode shape detail is shown in the next window. As in the eatlier window,
you can show graphically the mode shape or animate it by clicking on the appropriate button.
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mE: Caepipe : Mode 1: 0.77 Hz - [complex1_rez [\... =] E4

File Results Wiew Cptions Window Help

S @E0 aR|(EED |« 20

B |Mode | ¥ [inch] | [inch] £ [inch] [#4 [deg) | v [deg] | ££ [deng)
1 |10 0ooo (0000|0000 00000 00000 | 00000

2 |15 0000 (0000 |0.000 )-000070 -0.0000 |-0.0000
'3 {206 {0000 |oooo |oooo [-ooo0z [-Do00m1 |-0.0001
(4 {208 |0000 [0000 [0000 {00002 |-0.0000 |-0.0004
BE: 0ooo (0000|0000 )-00007 )-0.0000 |-0.0005
5 |20 0ooo (0000|0000 ) -00000 00002 |-0.0003
7]
& |
ER
0]

35 0aod  (00od o (0000 (00001 (00004 (-0.0015
404 (0000 (0000 (0000 (00001 (00004 (-00012
408 (0000 (0000 (0000 (00001 (00003 (-0.0005
&0 0000|0000 0000 00000 00000 | 0.0000

1155 naod  (00od o (0000 |-0.0000 (00001 (-0.0000
(12| &0 naod (0000 (0000 (00000 (00000 (0000
13| 70 naod (0000 (0000 (00000 [-0.0000 (00007
14|20 naod (000 (0000 (00000 (0.0000 | 0.0000
15|30 0000|0000 0000 | -0.0001 | -0.0000 |-0.0005
16|100 |oooo |oooo o000 (00000 |0.0000 | 0.0007
(17|10 |oooo |oooo |oooo  |-00001 |00000 | 000001
18|120 |oooo |oooo o000 (00000 |0.0000 | 0.0007
19|12z |oooo |oooo o000 (00000 |0.0000 | 0.0007
(z0|123 |oooo |oooo |ooo0  |ooomt |o00000 {00001
(21|124 |ooo0 |oooo o000 [oooc |0.0000 | 0.0000
221125 |0.000 0000 0000 (00007 00001 |-0.0000
23(126 |0.000 |0.000 |0.000 @ |00001 (00001 (-0.0000
241127 |0.000 0000 (0000 (00007 |0.0000 |0.0000
251128 |0.000 0000 (0000 (00007 |0.0000 |0.0000
26123 |0.000 0000 (0000 (00007 (00000 |0.0000
271130 |0.000 (0000 (0000 (00007 |0.0000 |0.0000
28(131 |0.000 |0.000 |0.000 | 00000 (00000 |-0.0000
239|132 |0.000 0000 0000 (00000 |0.0000 |-0.0000
300133 |0.000 0000 0000 (00000 |0.0000 |-0.0000
31150 |0.000 0000 0000 (00000 |0.0000 |-0.0000
32210 |08s8 (0080 |-0091 00000 |-001312 |-0.0248
33| 2204|0558 (0043 |-0066 |-00076 |-0.1105 |-013595
34| 2208|0505 (0000 |-0.042 |-00184 |-0.08653 |-0.3083
35230 |0.432 (0000 |-003F |-0.0230 |-0.0744 |-0.3913
36240 |0.343 |0.000 |-0030 |-0.0362 |-0.0620 |-0.4441
37| 250 |0.000 0000 (0000 (00000 |0.0000 |0.0000
38|70 |0.000 0000 (0000 (00007 |0.0000 |0.0000
33|1000 |0.000 |0.000 0000 00000 |0.0000 00007
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Dynamic Susceptibility

Please see topic by this name in Reference and also Appendix E.

i= Caepipe : Dynamic Susceptibility - .. [l[=] E3
File Results ‘iew Opkions Window  Help

S EEE a®|=c= 20

# |Mode |Frequency | Maxima Modes | Susceptibility
[Hz] Welocity | Stresz | [pai £ ipz)
2593 130 70 2486

4014 100 128 |BE2

0774 2208 | 280|330

0,830 210 250 298

4781 240 240|282

2601 210 240 (&1

= R e R T e B S

i- Caepipe : Dynamic stresses for Mode 3: 3.5 [l=] E3

File Resulks ‘iew Opkions Window Help

S EED a@=ec | e =@
# | Susceptibility = 3486 -

Mode |Dizplacement | Stress
1 |10 0.0000E+00 | 1.6178E+02
(2 |18 1.6852E-03 [B.E157E+01
(3 (200 |40171E-03 | 4.1127E+01
(4 (208 |57152E-04 | 1.7636E+01
5 |25 4 5842E-03 | 4.3027E+02
BE! 47196E-03 | 26842E+02
EBE: 2E23BE-03  [1.3451E+02
BB
EB
0]
11]

404 | 2.0393E-03 | 1.3440E-+02
408 |3.2430E-03 |29311E+M
50 0.0000E+00 | 2.4517E+02
55 B.3282E-03 | 2.3733E+02
12|60 71366E-03 | 2E¥35E+03
13|70 1.4654E-02 | 22443E+04
14|80 0.0000E+00 |2 6337E+03
15|90 5.4405E-03  |1.2863E+02
16100 |1.2063E-01 | 1.E96EE+02
17110 |1.0341E-01 | 3.9453E+02
181120 |9.7162E-02 | 1.4852E+03
19(122 | 8.2150E-02 [1.7965E+03
200123 |B.5025E-02 | 1.7333E+03
211124 | 45876E-02 | 1.BE34E+03 -
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Time History

For time history results, you are shown the following dialog from which you need to select
an item.

Time History |

™ Element Forces

" Displacements

ak. I Cancel |

Then, you are shown a list of supports in the model from which you need to select one.

Suppott Loads Time H... [E3 |

Mode |Type 1=l

1 Anchor

15 ' restraint

25 Snubber

a0 Anchor

Ll Guide

70 Snubber —

an Anchor

123 [Limit ghop

150 |Mozzle

260 [Anchor

408 [ Skewed restr

40B | Skewed restr d
Ok I Cancel I

Once you select a support from the list, then you are shown the time history at that location.
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=i Caepipe : Loads on Anchor at Node 10 - [Allres (FiyUMan'Layout... [H=lEd
File Results Yiew Optons Window Help

S EEE ad=+E
# [Time (Sec) [X (ib) Y (b) Z(lb) XXl |YY (Rl |ZZ fely) A
1 ] ] 0 0 ] ] ]

2 0.1 0 0 0 ] ] ]

3 0.2 0 0 0 ] ] ]

4 0.3 ] 3 0 2 ] 10

5 0.4 0 12 0 =] ] 42

B 05 3 85 0 G2 2 304
7 0.6 32 843 -4 14 18 3007
g 0.7 g 203 -1 148 a 726
9 0.8 10 267 -1 194 4] 952
10 (0.9 10 2R3 -1 192 4] 939
11 [1 g 224 -1 163 5 793
12 1.1 g 224 -1 163 5 797
13 [1.2 g 224 -1 163 5 793
14 [1.3 g 224 -1 163 a 793
15 [1.4 g 224 -1 163 a 793
16 (1.5 g 224 -1 163 a 793
17 |16 g 224 -1 163 o] 7o8
18 (1.7 g 224 -1 163 5 793
19 (1.8 g 224 -1 163 5 793

While viewing these results, you can excport time history results to a comma separated values (.csv) file that can
be read by a spreadsheet program such as MS-Excel (see menu File > Export) for charting, ete.

Hotkeys You Can Use

For keyboard operations, the following list of hotkeys (in addition to MS-Windows keys for
open, print, exit, etc.) can make you more productive.

Tab Next results item

(Shift) Tab Previous results item

Right Arrow Key Next load case or mode shape

Left Arrow Key Previous load case or mode shape

Ctrl+Right Arrow Key Next item of same type (e.g., next support)
Ctrl+Left Arrow Key Previous item of same type (e.g., previous support)
Ctrl+F Find node

Ctrl+L List

Ctrl+U Units

Ctrl+A Graphics - Zoom all

F2 Move focus to Graphics window

F3 Move focus to Layout, List or Results window

(wherever the focus was before)

F4 Graphics - Set Viewpoint
F5 Graphics - Previous view
F6 Show list of Other supports, forces, displacements, etc.
F7 Show forces, displacements in global/local coordinates
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Open Other Windows

You can open the remaining text windows from here - List and Layout - to have all four
windows open at the same time to enhance your understanding of the model results. Use the
Window menu to open the other windows. They are displayed in non-editable mode.

Menus and Toolbar

These items are explained in detail under Menus. A summary is given here.

=I* Caepipe : Pipe forces in local coordinates: Expanszion [T1] -

File Results Wiew Options Sindow  Help < Menubar
S HEE @@ | = = @@= &gt < Toolbar

File menu

This menu contains commands for file operations including starting a new model, opening a
Results file, printing, etc.

Results menu

This is one of the menus that changes with the displayed result. At all times, it contains
commands for

e Display list of Results
e Move forward to Next Result (Tab key)
e Move backward to Previous Result (Shift+Tab key)

An example of the additions to the Results menu:

When Support Loads are displayed, the menu displays, in addition to the above, the
following commands:

e Other supports

Next Support

Previous Support

Load cases

Next Load case

Previous Load case

All of the above commands also appear on the (context-sensitive) toolbar.
View menu

Commands for graphics operations are available from here. This menu, like the Results
menu, changes with displayed results.

An example of the changes:

When Sorted Stresses are displayed, the menu displays, in addition to the above, the
following commands:
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e Show stresses in the Graphics window
e Show stress ratios in the Graphics window

e Set stress or stress ratio thresholds (to display stresses or stress ratios that are above a
specific threshold value).

You do not have to move focus to the Graphics window to execute these commands.
Options menu

You can change units or font from the options menu. Any change here in units or font will
affect all text windows. But the change in units is not saved when you close the Results
window (they will be saved when you change units in input mode and save the model).

Window menu

You can move focus to other windows. Use F2 to move between text and Graphics
windows, and F3 to move focus between open text windows. This is helpful to those who
work with maximized windows (perhaps, because of a lower monitor resolution).

Help menu

For on-line help and information pertaining to the remaining period of your yearly
Maintenance, Enhancement and Support (ME&S) agreement with SST.
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Rigid Element

Use this element to model any “stiff” (relative to pipe) inline component.

The stiffnesses of 1 x 1012(lb /inch) in translational directions (axial and sheat), and 1 x 10"
(inch-1b./rad.) in rotational directions (bending and totsional) are used.

€C 32

A rigid element is input by typing “ri” in the Type column or selecting “Rigid element” from
the Element Types dialog.

Element Types E |
" From " Slip joint £ Cut pipe

" PFipe " Hinge Joint " Beam

" Bend £~ Ball joint " Tie rod

" Miter bend ¥ ﬁlgldelement £ Lasation

" Yalve " Elastic element " Comment

i Beducer © Jacketedpipe 1 Hudiotest [oad
" Bellows " Jacketed bend

] I Cancel

The Rigid element dialog is shown.

Rigid element from 60 to 70
Wieight |1EIIZI [1s]]
Cancel |

Weight

The only required input is weight. It is applied as a distributed load along the length of the
rigid element. To this weight, the Additional weight from Load is added. Contents and
insulation weight are not used. Material density does not affect the weight of the rigid
element.

Thermal expansion of the rigid element is calculated using the coefficient of thermal
expansion from the material and temperatures from the load. Wind load is calculated using
the section properties.

Rigid, weightless Elements

These may be needed when you want to account for some hard-to-model element’s thermal
growth, or to connect the center line of a huge pipe to its outside surface, again to account
for its (radial) thermal growth/contraction (which impacts the branch line), or to model a
rigid link between two points (such as the arms around bellows, which can be tied using tie
rods. See the second modeling method under “Tied Bellows” example under Expansion
Joints topic).
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Rigid Element

To model any of these, input a rigid element, type zero for weight and ensure that the
corresponding Load (specified on the Layout window under the Load column) used for this
element does not have any Additional weight specified.
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Rod Hanger

A rod hanger is a rigid one-way vertical support. The rod hanger node is rigidly supported
against downward movement but able to move freely in the upward direction. That is, the
rod hanger is rigid in tension (downward movement) and has no stiffness in compression
(upward movement). A rod hanger always acts in the vertical direction.

A rod hanger is input by typing “ro” in the Data column or selecting “Rod Hanger” from the
Data Types dialog.

Data Types |

i~ Anchar " Hanger ™ Shubber

" Branch SIF " Hamonic Load € Spider

™ Cone. Mass " JacketEnd Cap © Threaded.Joint
" Constant Support € Limit Stop £ Tiime Yarying Load
™ Flange = Mozzle ™ User Hanger

" Foice " Restraint " User SIF

€ Eorce Sp. Load % ﬁ-:u:lHa er‘ " wield

" Guide " Skewed Restraint ¢ Generic Support
ITI Cancel

By default, one rod hanger without a connected node is input. The number of hangers and
the node to which it may be connect to may be specified in the Rod Hanger dialog.

Rod Hanger at node 30 |

Murnber of I
Connected to I

ak. I Cancel |

Number of Hangers

The number of hangers is the number of separate hangers connected in parallel at this node.

Connected to Node

By default the hanger is connected to a fixed ground point which is not a part of the piping
system. A hanger can be connected to another node in the piping system by entering the
node number in the “Connected to node” field. This node must be directly above the hanger
node.

A rod hanger in CAEPIPE functions as a limit stop, that is, it functions as a nonlinear one-
way restraint. It is rigid in -Y direction and fully flexible in +Y direction (in a Y-vertical
system). The rod hanger offers no resistance in +Y direction.

Rod hanger results are included in the hanger report, which reports results for the first
operating case (W+P1+T1). In the hanger report, a rod hanget’s spring rate may be shown
either as Rigid or zero, the latter potentially confusing to the user.
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Rod Hanger

It simply means that there is possibly liftoff at the hanger location for the first operating case.
You can confirm this by studying vertical displacement (Y or Z) at the support for the first
operating case (which will be 0 or positive). You can find reports for other operating load
cases under Support Loads > Other Supports > Rod Hangers.

Liftoff (i.e., zero spring rate and a zero or positive operating condition displacement)
indicates that the support may not be needed and hence could be removed. You will need to
study the effect on the system at other supports after removing the rod hanger.

i- Caepipe : Hanger Report - [hangers. mod.res [C:\Users\ShpO___ =] E3
File Resulks Miew Opkions Window Help
= @ & iE e e
Spring | %ert [Horz [Hot | Cold >

# |Mode [Mo| Type Figure | Size | rate travel [travel | load |load |%ar

of Mo (Ib/inch) | linch) [inck) [ 06) | (b) |2
1 9001 (1 |RodHanger Rigid
(2 9100 |1 |Rod Hanger Rigid
'3 |9020 |1 |Rod Hanger Rigid
(4 {9050 |1 |Rod Hanger Riigid
5_ 2 1 |RodHanger ]
(5 |2 |1 |RodHanger Fiigid
(7 127 |1 |RodHanger Riigid
'8 |43 |1 |RodHanger Rigid
(3 {50 |1 |RodHanger Riigid
[10{51 |1 |Pod Hanger Rigid
(11|54 |1 |RodHanger Rigid
[12]72 |1 |RodHanger Riigid
1382 |1 |RodHanger Rigid ~|

In dynamic analysis, the status of the rod hanger from the first operating case (W+P1+T1) is
used, i.e., if the rod hanger is in tension in the first operating case, a rigid vertical restraint is
used in dynamic analysis. If the rod hanger is in compression in the first operating case
(possible liftoff), no vertical restraint is used at that location in dynamic analysis.
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Section

A Section denotes the cross-sectional properties of a pipe used to build a piping model. You
may define as many sections as needed. To define each section, you will need properties such
as outside diameter (or Nominal Dia.), thickness of pipe, corrosion allowance, insulation,
inside lining, and a name that is used under the Section column on the Layout window while
building your model.

Click on “Sect” on the Header row or select Sections from the Misc menu.

=I* Caepipe : Layout [2] - [Untitled]

File Edit Wwiew Options Loads Misc Window Help

2 EE BEE a®

# |Node | Type | D3¢ (ftin")| D (ftin") | DZ (tin") | Matl| Sect |Load |Data [ [E (e[ 2 000,

'I_ Title = Abowe row is the clickable Header row
2 |10 From | | | | | | |.-5'-.n|:h|:|r
3

CAEPIPE presents a List window that lists all defined sections in the model (none defined
yet in the image below). Double click on an empty row to define a new one.

=I= Caepipe : Pipe Sectionz [0] - [Unttled]

File Edit Wew Options Misc SWindow  Help

EEE e @ @O

B |Mame [Mam | Sch|0D  [Thk |CorAl M. Tal| Ins.Dens | Ine. Thk | Lin.Dens | Lin.Thk | Sail
Dia [inch] | inch] | [inch] | (%] [BAE3] |linch] [ (IBAEE] | [inch]

]

The section dialog is shown.

Sechion # 1 |

Section name I'IEI & AMS O DIM IS 150

Mominal diameter I'ID" 'I Schedule ISTD TI
Outzide diameter I'II:I.?E [inch] Thickness IEI.SEE [inch]

Corrazion allowance (0125 [inch] kill tolerance |12.5 [%]
Inzulation : D'ensity I? [I6/1E3) Thickness |2.5 [inch)
Lining : Denszity I (b3 Thickness I [inch]

Cancel | 1nsulatil:un| S':"ll "I
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Section

Section name

Type an alpha-numeric name (up to five characters long) in this field. Example: If you have
three 8” sections with different schedules, you could name them thus: 8-STD, 8-80 and 8-
80S.

Nominal Dia, Schedule

Four databases of pipe sizes are built-into CAEPIPE — ANSI (American National
Standards Institute, default), DIN (Deutsche Industrie Norm), JIS (Japanese Industrial
Standard) and ISO (International Organization for Standardization).

When you click on the drop-down combo box for pipe sizes, CAEPIPE shows the list of
pipe sizes that pertains to the selected database (ANSI, DIN, JIS or ISO). ANSI pipe sizes
range from 1/8” to 48”, DIN from 15 to 1600, JIS from 8A to 1500A, and ISO from 15 to
1000. Select the required nominal pipe size and schedule (wall thickness). To change to a
different database (JIS, DIN or ISO), click on the appropriate radio button. On selection,
CAEPIPE populates the correct OD and Thickness.

For pipe sizes you do not see on the list, each database allows you a nonstandard definition
(“Non std” in the pipe sizes list) too. In other words, you are not restricted only to the
choices available in the databases. You may define any size and thickness as needed. You will
need to enter the Outside diameter and Thickness of such a nonstandard pipe, in addition to
the other parameters.

Corrosion Allowance

The corrosion allowance reduces the wall thickness of the pipe and used to calculate the
allowable pressure for the pipe section. Additionally, for some piping codes (B31.3, B31.4,
B31.5, B31.8, B31.1 (1967), CODETI, Canadian Z183 and Z184), corrosion allowance is
used for reducing the section modulus and axial area only for calculating sustained and
occasional stresses.

Mill Tolerance

The mill tolerance (in percent) is also used to reduce the wall thickness of the pipe while
calculating allowable pressure. For example, if the mill tolerance is input as 12.5 (%), the pipe
thickness (while calculating allowable pressure) is = 0.875 x nominal thickness.

Reduced thickness = (1 = Mill tolerance/100) X nominal thickness — Cotrosion allowance

If defined while modeling, corrosion allowance, mill tolerance, insulation and lining densities
are carried forward only for a new section definition.

401



Section

Insulation

Type the pipe insulation density and thickness here. Click on the Insulation button for the
insulation library, or enter your own.

Inzulation Densities |

Inzulation Denzity
b aterial (b k3]

Amosite Azbestos | 16

Calcium Silicate |15

Careptemp 10
Celular Glazs 9
Fiberglazs 7
High Temperature | 24
k.aylo 10 125
Mineral Wiool a5
Ferlite 13
Faly Urethane 2.2
Styra Foam 1.8
Super- 25

(] I Cancel |

Highlight the desired insulation material and press Enter. The insulation density is entered on
the section property dialog. CAEPIPE uses these values to calculate the insulation weight
which is added to the weight of the pipe.

Lining
Lining is used to prevent internal corrosion that might occur during transportation of a gas
or a fluid. CAEPIPE has the ability to model these protective coatings inside the pipe.

Lining

Insulation

Pipe

Lining is different from insulation. Insulation is around and outside of the pipe. Lining is on
the inside of the pipe. Both have respective thicknesses and densities. See previous figure.

While calculating the weight of the fluid/gas inside the pipe, CAEPIPE accounts for lining
thickness by reducing the pipe’s internal diameter by twice the lining thickness.
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Skewed Restraint

A Skewed Restraint is a two-way support that resists translation along or rotation about any
specified direction at a node. You have to use either a manufacturer-supplied stiffness or
calculate it for the support you want to model.

Use this restraint to model sway braces, sway struts and similar supports. You can also use
this to model vertical/hotizontal supports, though it is used more commonly to resist lateral
forces.

The figure below shows an application.

Rigid Sway Strut assembly

A skewed restraint is input by typing “sk” in the Data column or selecting “Skewed restraint”
from the Data Types dialog.

Data Types HE |

" Anchor £ Hanger " Snubber

™ Branch SIF " Harmonic Load  © Spider

" Conc. Mass " JacketEnd Cap " Threaded Joint
" Constant Support € Limit Stop £ Time Yaming Load
™ Flange " Mozzle ™ Uszer Hanger

" Foice £ Restraint " User 5IF

i Force Sp. Load € Bod Hanger i~ weld

¢ Guide & Skewed Restraink © Generic Suppor
ITI Cancel
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Skewed Restraint

The Skewed Restraint dialog is shown.

Skewed restraint at node 1252 Ed |

Type
[F Translational ' Fotational

Stiffnesz I [lbinch]

[hrechion
# comp Y comp £ comp

1 | |1
Connected bo I

Suial | Shear | Shear z |

| [F I Cancel |
Type

Translational: Use this type to restrain translation along the specified direction.
Rotational: Use this type to restrain rotation about the specified direction.
Stiffness

Type in the translational or rotational stiffness of the support. As an illustration, assume that
you had a rod (in tension only) which you were modeling as a skewed restraint. You can
calculate the stiffness (required to be input) in the following manner: Assume a 2.5 in. dia.
rod 2 feet long, modulus of elasticity of rod material = 30x10° psi.

The translational (axial) stiffness is AE/L:%(Z.S)2 x 30 x 10°/24=6,135,925 Ib./in.

E J . .
20 X L= 1,843,727 in.-Ib./rad., where G is the shear

modulus, V is the Poisson’s ration and Jis polar moment of inertia.

The rotational stiffness is GJ /L =

Direction

If you have no “connected to node,” the direction in which the skewed restraint is oriented
must be specified in terms of its global X, Y and Z components. See topic on specifying a
Direction.

Or use one of the preset buttons to orient the skewed restraint axis:
1. Axial: To set the axis along the local-x direction (pipe axis)
2. Sheary: To set the axis in the local-y direction
3. Shear z: To set the axis in the local-z direction

If you have connected the skewed restraint node to another node, then the direction must
not be input. It is calculated from the locations of the skewed restraint node and the
connected node, and it is oriented from the skewed restraint node towards the connected
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Skewed Restraint

node. In order for CAEPIPE to calculate the direction, the skewed restraint node and the
connected node must not be coincident.

Connected to node

If the skewed restraint node is connected to an externally fixed point (ground), leave the
“Connected to node” blank. You may connect a skewed restraint node to another node that
is not coincident with the skewed restraint node. Note that during skewed restraint force
calculations, the relative displacement of the skewed restraint node is calculated with respect
to the connected node.

Example: Modeling a Sway Brace

Assume that we need to model two sway braces in the same arrangement as shown in the
tigure at the beginning of this section. The translational stiffness of the sway braces is given
as 894 Ib./in. As can be surmised from the figure, the orientation of the sway braces (sway
struts in the figure) is at 45° from the X- and Y-axes. We shall model the support on the
right hand side first followed by the support on the left hand side.

The following steps describe the modeling procedure:

» Create node (on pipeline) where support is required. In this case, the node is 50.
Position highlight on this row.

» Tirst support (right): Type “sk” in the Data column to open the skewed restraint
dialog box.

Ensure that Type is set to Translational; if not, click on the Translational radio button.
Type 894 for Stiffness, type 1 for Y comp and —1 for Z comp, press Enter.

Skewed restraint at node 50 Eq |

Type
’V'F Translational € Faotational

Chffress (534 [Ibiizh)
Diirection
# Comp ' comp £ comp

I [1

Connected ko I
Bl | Shear | Shear z |

k. I Cancel |

405



Skewed Restraint

» Second support (left): type 50 for Node on an empty row, press Tab to move to next
field, press “I(I)”” for Location. This will open the Data types dialog.

Data Types E |

i~ Anchar i Hanger " Shubber

" Branch 5IF " Harmonic Load " Spider

" Conc. Mass " JacketEnd Cap ¢ Threaded Jaint

™ Constant Support © Limit Stop € Time Yamying Load
" Flange " Nozzle £ User Hanger

" Farce " Restraint " Lzer SIF

" Fomce Sp. Load  © Rod Hanger = wield

" Guide 5

ITI Cancel |

Select Skewed restraint by clicking on it to open the skewed restraint dialog. Enter the
skewed restraint dialog similar to the first skewed restraint except in this case type 1 for Z
comp, press Enter.

The Layout window is shown below:

# |Node | Type  [Dxgtiny [D¥ itin") | DZ (itin') [Matl [ Sect | Load | Data

1 | Title = Sway brace

'z |40 Fram

ERED B 1 a8 1 Skewed restr
l4 |50 Location Skewed restr
5

The graphics is shown below:
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40

407




Skewed Restraint

The rendered graphics is shown below:
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Slip Joint

A slip joint allows for axial (through telescopic action) and torsional movement between
adjacent pipes (due to thermal expansion or contraction). The joint itself can be fixed using
an anchor if so designed. Slip joints are susceptible to lateral buckling due to internal
pressure, and may become less effective when subjected to small bending loads. Proper
guiding to prevent buckling and keeping the two telescopic parts concentric are therefore
necessary.

Since the primary purpose of a slip joint is to absorb axial growth, the joint is ideal for
placing it towards the end of long pipe runs, while its growth is directed axially by the use of
one or more guides.

A Slip Joint is input by typing “s” under the Type column or by selecting “Slip joint” from
the Element types dialog.

Element Types E |
™ From Sl £ Cut pipe

" Pipe " Hinge Jaint " Beam

" Bend " Ball joint " Tie od

" Miterbend ¢ Rigid element Location

i~ Walve " Elastic element © Comment

" Reducer " Jacketed pipe " Hydrotest [oad
" Bellows " Jacketed bend

k. I Eancell

The Slip joint dialog is shown.

Slip joint from 30 to 60 B

Friction force I— [Ib]
Friction tarque I— [ft-Ib]
Preszsure thrust area I— [in2]
weight [ (1)

ak. I Cancel |

A slip joint manufacturer should be able to provide you the required data for a slip joint.

A slip joint will have axial deflection or rotation only when the external forces exceed the
friction force or friction torque respectively. If the pressure thrust area is input, CAEPIPE
imposes a thrust load of: Pressure x Thrust area on both nodes of the slip joint. The weight
is the empty weight of the joint. The contents, insulation and additional weight are added to
the empty weight. A slip joint is rigid in lateral directions.
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Slip Joint

Example:

Assume that we want to model a (telescoping action) slip joint that allows only axial
movement with no torsion. The outer sleeve of the joint is anchored to hold it in place while
the other end is free to translate axially. The axial (friction) force has to exceed 1,100 Ib. (you
will need to get this datum from a manufacturer’s catalog) to make the slip joint move and
the slip joint cannot rotate about the axial direction. So, the data would look similar to that

shown next between nodes 30 and 40.

Slip joint from 30 to 60 H|

Friction force |11I:IEI (6]
Friction targue I'I.EIEIE+EI12 [ft-Ib]
Prezsure thruzst area IEIEI.B [in2]

YWweight | 282 (1]

ak. I Cancel |

And, the modeling on the layout screen would look thus:

FI- Caepipe : Lapout [29] - [ShplointE xample.mod [(AMNACDV-VIS . [l=] E3

File Edit %jew Options Loads Misc Window Help

NEEHE BEE @&

# |Node|Tupe | (feetl| DY ifeet) | DZ (feet) | Matl | Sect | Load | Data

1 | Title = Support examples
E 10 | From | | | | | | |.-‘-‘-.n|:h|:|r

3 | A zhort rod hanger aszw. can be modelled az Bod hanger
BEN |2 | | |a53]10 [1  |Rod hanger
5 15ingle zlip joint with anchor base |
E |30 2 ARI (10 |1
(7 |40 Slip 1 ‘ ‘ a3 (10 1 Anchor

FY

-
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Slip Joint

== Caepipe : Graphics - [SlipJointExample.mod
Eile Miew Options ‘Window Help

S BE a@qQ v

See the topic on Nonlinearities for related information.
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Snubber

A snubber provides only translational restraint in a specified direction for seismic and
dynamic cases only. In other words, a snubber engages only during movements caused by a
dynamic load. It does not restrain against static loads such as weight and thermal.

A snubber is input by typing “sn” in the Data column or selecting “Snubber” from the Data
Types dialog.

Data Types |

= Anchor £ Hanger ;

" Branch SIF " Harmonic Load

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel

The Snubber dialog is shown.

Snubber at node 30 |
Stiffnesz IHigid [lbinc:h]

Direction
# comp Y comp £ comp

[1 | |
ok I Cancel |

The stiffness defaults to Rigid, however a stiffness may be input for flexible snubbers. See
section on specifying a Direction for information on X comp, Y comp, Z comp. A snubber
can be made active in any direction by using this combination of Direction Cosines (X comp,
Y comp, and Z comp).
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Spider

Use a spider (also called a spacer) to connect the coincident nodes of a jacketed pipe (i.e., the
node on the core pipe and the corresponding node on the jacket pipe). The spider acts as an
internal guide. At the spider location, the local x-axis is calculated along the pipe direction.
The spider connects the local y and z translations for the core and jacket nodes. It prevents
any radial movement but allows sliding, rotating and bending movement between core and
jacket pipes. No gap is allowed between the core pipe and the spider. See section on Jacketed
pipe for related information.

A spider is input at a jacketed pipe node by typing “sp” in the Data column or selecting
“Spider” from the Data Types dialog.

Data Types |

= Anchor £ Hanger ™ Snubber

" Branch SIF " Hammonic Load & Spid !

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger  wield

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel
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Supports

CAEPIPE provides many support types, which enable you to model available support
hardware. These support types are available under the Data types menu (See section on Data

Types).

Data Typesz |

™ Anchar " Hanger i~ Snhubber

" Branch 5IF " Hamonic Load ¢ Spider

™ Conc. Mass " JacketEnd Cap © Threaded Jaint

™ Constant Support © Limit Stop " Time Yarying Load

" Flange £ Nozzle " User Hanger

™ Force " Restraint ™ User 5IF

" Force Sp. Load  © Rod Hanger i+ wield

" Guide " Skewed Restraint © Generic 5upport
Cancel |

You can use one or more types of supports to simulate a real-world support. For example,
you could use two lateral limit stops with unequal gaps to simulate a pipe shoe (see example
under Limit Stop).

To input more than one support at a node, use the “Location” data type.
Anchor

An anchor can be modeled as a flexible or rigid support which by default restrains the three
global translations and rotations at the applied node (six degrees of freedom). Use this to
model all anchor blocks, and nodes where piping connects to equipment (pumps,
compressors, turbines, etc.).

Restraint

A restraint is a two-way rigid support which restrains the translations (negative and positive
directions) along the specified global directions. You can apply a restraint in all the three
directions at the same time.

Skewed Restraint

This is a flexible two-way support that can be oriented in any direction. Use this support to
resist either translational movement along or rotational movement about the specified
direction (as in a pipe sleeve which resists nonaxial rotation). Use this to model rigid or
flexible sway struts and sway braces.

Hanger, User hanger, Rod hanger, Constant support

These should be used as vertical supports only. Use a Hanger when you want to design a
variable spring hanger(s) for your piping system (there are 30+ hanger catalogs built-in to
CAEPIPE for your convenience). Use a User hanger when you want to analyze hangers in an
existing piping system. Use a Rod hanger for a rod hanger assembly. Use a Constant support
to design a constant support or a constant effort hanger.
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Supports

“Bottomed-out” Springs

To analyze this situation, use a spring hanger and a limit stop at this node. Type in the
maximum allowable hanger travel for one of the limits of the limit stop. Once the hanger
traverses the maximum distance allowed, the limit stop becomes active.

Guide

A Guide is a rigid or flexible restraint which resists lateral pipe movements (in directions
perpendicular to the axis of the pipe). You can specify an annular gap, if required, inside the
guide. A friction coefficient is optional. Use a Guide to model U-straps, U-Bolts, pipe guide
assemblies, pipe slides and similar supports.

Limit stop

A limit stop, a nonlinear restraint, can be oriented in any direction with a gap specified on
both sides of the pipe. A limit stop allows free movement for the distance of the gap and
then acts as a rigid or flexible restraint.

A Line Stop is a support that restricts axial movement of pipe. This support can be modeled
using a limit stop with its direction oriented along the pipe’s axis. Use this support to model
pipe slide assemblies, pipe skirts and similar arrangements. See topic on Limit Stop for an
example.

A limit stop can be used to model 1-way supports for pipe racks where vertical downward
movement is restrained while upward movement is not. See example for pipe rack modeling
in the Beam topic.

Refer to the respective CAEPIPE support term in Reference for a detailed explanation on it.
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mE: Caepipe : Layout [29] - [SlipJointEzample.mod MCDY-Y_ . =] E3

File Edit Wiew Options Loads Misc Window Help

FEHE EBEE &@&

Node|Type | D% ffest] | D (fest] | DZ (fest] | Matl | Sect | Load | Data
Title = Support examples

10 | From | | | | | | |.-'1'-.n|:h|:|r

& zhort rod hanger azsy. can be modelled as Fod hanger

20 | |2 | | |#53]10 |1 [Rod hanger
Single slip joint with anchor base

an 2 A3 (10 (1

a0 [Shp 1 ARI (10 |1 Anchor

D ouble slip joint with anchor baze

A0 2 A3 (10 (1

B0 [Shp 1 ARI (10 |1 Anchor

0 [Slip 1 a3 (10 (1

Pipe zlide baze madellad with 3 limit stops

First Iirﬁit shop iz iﬁ vertical d.irectil:un, Frée to lift bﬁt rot Ql:n l:h:w\;In

a0 | |2 | | |a53]10 1 [Limi stop
Second mit stop iz for lateral movement +4 3"

aa | Location | | | | | | | Limit stop
Third limit gtop iz for axial mowvement +3", -0

an | Location | | | | | | | Lirnit ghop
Pipe zlide guide modelled with restraint and a limit stop

The réstraints aré againzt v;arti-:al andllateral mn:n.femen.ts

The limit stap iz for arial movement +E=;', -0

MMI'\JI\JMI'\.‘IM—'-—‘—l—l—l—l—‘—l—l—‘mm'ﬂmmhmm—l:ﬂ:D
Ll (g I O O T  (Rrl e J  (E  C l fe

a0 3 AR 10 [ & restraint
a0 Location Lirnit ghop
Pipe spider guide is modelled az guide
100 | |3 | | |a53]10 1 |Guide
Roller zupport iz modelled az vertical imit stop and lateral restraint
27 (110 3 a3 (10 (1 Limit stop
[28]110 | Location ' restraint
25120 3 a53[10 |1 [Anchor

30
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Tees

Physical tees, even though integral components, are not modeled as such in CAEPIPE.
Instead, they are modeled as three pipes coming together at a common node.

=N Caepipe : Graphics - [Sample.mod {C:\CAEPIPE"641)]
File Wiew Options ‘window Help
QAR
vl
LLLbh z -—I
X
Azn
0500 K?D B
I ZLD
s
e
K| | 1Y

In this figure, you can see that three pipe elements (20-30, 30-40, and 30-60) come together
at node 30 to form a tee.
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Tees

Modeling

The method of modeling is as simple as its representation.
Step 1:

You could model the pipe run first from 20 to 30 (1% element), then from 30 to 40 (2™
element), and finally, from 30 to 60 (3" element). See example layout window below.

mE: Caepipe : Layout [11] - [Sample.mod [C:ACAEPIPEAG. .. =] E3
File Edit Wiew Options Loads Misc Window Help
NEEHS| & ®

# |Node | Type | DX (itin")| DY (ftin") | DZ [ftin") | Matl| Sect | Load | Data

1 |Title = E ample problem

2 (10 From Anichor
3_ 20 Bend | 90" AR3 (8 1

4_ a0 B0 ARI (8 1 Hanger
(5 |40 Bend B0 ARD |8 1

E_ a0 B0 AR3 (3 1 Anchor
(7 |6 std pipe

ERE! From

ERE Sig as3 s |1

ﬁ il Walve | 20" ARI (B 1

? an B0 ARI (B 1 Anchor
12

Alternately, you could model from 20 — 30 — 60, and then 30 — 40. Or from 60 — 30 — 20,
and then 30 — 40. Modeling order is immaterial to analysis (but sometimes complicate the
merge files process. See Merge under Layout window > Merge).

Step 2:

There is one final step remaining. You need to designate the type of tee connection it is. In
this example, the tee is a “Welding Tee”. So, on any row that contains node 30 (i.e., row #4
or #8), type “Br” (Branch SIF) and select “Welding Tee” from the drop down list.

Branch SIF at node 30

Type IWeIding tee j

Reinforced fabricated tee
IIrreinforced fabricated tee
Estruded welding tee

Sweepolet fwelded-in contour ingert]
“weldolet [Branch welded-on fitting)

=

The shown list is piping code-dependent. In other words, the list of tee types shown comes
from the selected piping code that dictates how an SIF for each of the listed tee types is
calculated. See Appendix D of B31 codes for more information (or see Appendix A in this
manual which contains the same information from the B31 codes).
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Based on a more rigorous analysis, if you have another more accurate SIF value for a joint
you want to insert (instead of the code’s), then skip this step (2) and use User-SIF data type
at the same node to input your own SIF.

45 degree Laterals
4 /

f\|, . ] f\|/ ]

Full Branch Reducing Branch

For 45° laterals, a piping code committee member opines: Use the SIF for an unreinforced
tabricated tee and evaluate the branch stress using the section modulus of the branch. The
connection footprint on the run pipe itself has a section modulus greater than the branch
section modulus and this will compensate for the unreinforced fabricated tee SIF which
should be lower than the unreinforced fabricated lateral SIF. Ignore the fact that a reduced
outlet branch connection requires an “effective section modulus” in accordance with B31.1
Para. 104.8.4(C) or B31.3 Para. 319.4.4(c) and just calculate the intensified stress as the
unreinforced fabricated tee SIF x the branch moment / branch section modulus (whether
you use the SIF times the resultant moment approach of B31.1 or the in-plane and out-plane
SIFs times the in-plane and out-plane moments, respectively, approach of B31.3, use the
same philosophy of ignoring the “effective modulus.”

Pay particular attention to the fabrication of the lateral making sure that the Code required
cover fillet dimensioned t(c) in B31.1 Fig. 127.4.8(D)(a) or B31.3 Fig. 328.5.4D(1) meets the
required size. If the cover fillet is larger than t(c), that improves the lateral SIF. The figures
and dimensions shown are a bit unfortunate, especially for a lateral because a strict reading of
the Code would seem to require a bigger weld on the obtuse side of the branch and a smaller
weld on the acute side of the branch when just the opposite is true. Having a constant cover
fillet weld leg length all around the branch would improve the requirement and the
committee has been working on that. Personally, I think the larger the run and branch pipes
are, the larger the cover fillet should be. Ask for or calculate whether area replacement
requirements B31.1 Para. 104.3.1(D) or B31.3 Para. 304.3.3 are met noticing that the required
reinforcement for a lateral is greater by the factor (2 - sin alpha).
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Tie Rod

Tie rod is a nonlinear element with different stiffnesses and gaps in tension and compression,
used to model tie rods in bellows, chains, etc. The force versus displacement relationship for
a tie rod is shown below. Around expansion joints, a tie rod continuously restrains the full
pressure thrust while allowing only lateral deflection, bending and torsional rotation.

Force

A

Tension
Compression stiffness
gap

’-—»

-
; - - Displacement
An;pressmn Tension
stiffness

gap

When the tie rod is in tension, and the displacement is greater than the tension gap, tension
stiffness is used. If the displacement is less than the tension gap, zero stiffness is used.
Similarly when the tie rod is in compression, and the displacement is greater than the
compression gap, compression stiffness is used. If the displacement is less than the
compression gap, zero stiffness is used. A Tie rod is input by typing “t” in the Type column
or selecting “Tie rod” from the Element Types dialog.

Element Types E |
” From " Slip joint £ Cut pipe

i” Pipe " Hinge Joint " Beam

" Bend " Balljoint  Tie rod

™ Miterbend © Rigid element 1 Location

= Walve " Elastic element © Comment

" Reducer " Jacketed pipe ¢ Hydrotest [oad
i~ Bellows ™ Jacketed bend

] I Cancel

The Tie Rod dialog is shown.

Tie rod from 30 to 40 |
Tensian Compressian
Stiffriess | | (Ibinch]
Gap | | finch]

k. I Eancell
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Tie Rod

A tie rod can be made “Tension only” by setting the compression stiffness to zero. Similarly
it can be made “Compression only” by setting the tension stiffness to zero. Both Tension
and Compression stiffnesses cannot be zero. If there is no tension or compression gap, leave
it blank or specify it as zero. See the earlier “Expansion Joints” topic for examples.
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Turbine

Pumps, compressors and turbines in CAEPIPE, referred to as rotating equipment, are each
governed by an industry publication — API (American Petroleum Institute) publishes an
API 610 for pumps and an API 617 for compressors while NEMA (National Electrical
Manufacturers Association) publishes the NEMA SM-23 for turbines. These publications
provide guidelines for evaluating nozzles connected to equipment among other technical
information including the items relevant to piping stress analysis — criteria for piping design
and a table of allowable loads.

Modeling the equipment is straightforward since it is assumed rigid (relative to connected
piping) and modeled only through its end points (connection nozzles).

1. In your model, anchor all of the nozzles (on the equipment) that need to be included in
the analysis.

2. Specify these anchored nodes during the respective equipment definition via Misc. menu
> Pumps/Compressors/Turbines in the Layout window.

CAEPIPE does not require you to model all of the nozzles nor their connected piping. For
example, you may model simply one inlet nozzle of a pump with its piping. Or, you may
model one pump with both nozzles (with no connected piping) and impose external forces
on them (if you have that data). Further, there is no need to connect the two anchors of the
equipment with a rigid massless element like required in some archaic methods. A flange and
an anchor may coexist.

A turbine (like a pump or a compressor) is input by selecting “Turbines” from the
Miscellaneous (Misc) menu in the Layout window. CAEPIPE, upon analysis, produces a
NEMA SM-23 turbine compliance report. See Appendix B (NEMA SM-23, for Turbines)
for related information.

Misc ‘Window Help

Coordinates Ckrl+Shifk+oC
Element bypes, ., Chrl+Shifk+T
Data bvpes. .. Ckrl+Shift+D
Check Bends

Check Connections

Materials Ctrl+Shift-+r
Sections Chrl+Shifk+5
Loads krl+Shifk+L

Bearn Materials
Eeam Sections
Beam Loads

Pumps
COmpressors

Once you see the Turbine List window, double click on an empty row for the Turbine dialog
and enter the required information.
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Turbine

kE: Caepipe : Turbinez [0] - [Sample.mod [C:ACAEPIPE... =] E3
File Edit Wiew Options Misc Window Help

HEE @& |

B Inlet | Exhast E straction Shaft axiz direction
Descrption | Mode |Mode  |Mode 1 [ Mode 2 | & comp | % comp | £ comp

1l

Turbine # 1 |

D ezcription ISteam Turbire 1

rlet node I'IEIEI E straction node 1 |11EI
Exhaust node IEEIEI E straction node 2 I

Shaft axiz direction
# comp Y comp £ comp

1 | |
Cancel |

A short description to identify the turbine may be entered for Description. The nozzle nodes
must be anchors and the shaft axis must be in the horizontal plane. Some of the nozzle
nodes may be left blank if they are not on the turbine (e.g., extraction nodes).

See under Pumps for related modeling tips and under Specifying a Direction for information
on how to specify X comp/Y comp/ Z comp for Shaft axis.
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Turbine

=I= Caepipe : Rotating Equipment Report - [complexl.res (C:\CAEPIPE", 700LM)]

File Resulks Yiew Options ‘Window Help
Heo Bean E o

AP E10[10kh ed.], Oct 2004 /150 13709 report for pump : pumpl
Load caze: Operating [W+P10+T10]

Shaft awiz: ¥oomp = 1.000, ¥oomp = 0.000, Zcomp = -2.500
Center location: = = 80" Y =-7'0".2=80" [ftin")

Sucton node: 50, Locatior: [Top), Size: 8.000 [inch)
Offzets from center: ds = -2.5397, dv = -4.2710, dz = 1'0" [ft'in")
Check of condition F.1.7 for suction node 50:

Calculated  Allowed Ratio Status
F (Ib] 1226 850 1.442
F' (Ih] 1292 700 1.845
FZ (Ih] -R47R 1100 4978 Failed
FR [Ib] 5758 1560 369 Failed
b, [Ft-1b) 447 2600 01wz 1] 4
b [Ft-1b) 179 1300 0137 1] 4
M [ft-Ib] B03 1900 037z 1] 4
R b 7l 3500 0,220 1] 4

Condition F.1.2.a for suction node 50 failed ==

Dizcharge node: 250, Location: (Side), Size: 4.000 [inch)
Offzetz from center: dx =1.2939, dv = -5.9423, dz = -1'0" [ft'in")
Check of condition F.1.1 for dizcharge node 250

Calculated  Allowed Ratio Status
Fx (Ih] 10 320 n.o3z2 ok
F' (Ih] -2R 400 0.064 ok
FZ (Ib] -4 260 0.0e (1] 4
FR [Ib] 28 570 0.049 (1] 4
b, [Ft-1b) 1] 980 [0.000 1] 4
b [Ft-1b) 1] 500 [0.000 1] 4
M2 [ft-1b] 1] 740 [0.000 1] 4
R b 1] 1330 [0.000 1] 4

Condition F.1.1 for discharge node 250 paszed
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Turbine

NEMA SM-23 Report

I Caepipe : Rotating Equipment Report - [Turbine NEMA ch... [ll[=] E3

File Results Wiew Options Window  Help

S EEE a® | i=es

MErA Sk 23 [1937] report far turbine : ST
Load caze: Operating [wW+P1+T1]
Shaft axiz: =comp = 1.000, Yoomp = 0,000, Zeomp = 0.000

----- Forcesz [b] - - Mamentz [ft-Ih] ----
Mode Type fr fy fz i iy Mz
210 [zt 108 107 436 5a B35 323
300 E=hauszt -168 2607 1] 1] 1] 2410
Size --- Resultant --- Al
Mode  Type [inizh) Filb) k[ftdb]  3F + b4 ahle Ratio
210 [rlet 10.000 462 E2a 23 4333 0465

300 Eshaust  36.000 2612 240 8077 BEEY 0932

Combined resultantz at Exhaust node 300

----- Forces [b] - - Mamentsz [ft-lb] ----
f i fz s iy mz
Calculated 273 -2439 436 1424 1221 874
Allowable 923 2307 1845 4614 2307 2307
Ratio 0.236 1.083 0237 0309 0529 0373
--- Resultant --- Al

Filk] MIfHbE]  2F + M able R atio
Commbined 2852 2083 73 4614 1.555

See Appendix B, NEMA SM-23 for more information on how to interpret the report.

Note: If you have input multiple temperatures and pressures, corresponding reports for
additional operating load cases will be shown. Use the black left/right arrow key to see them.
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User Hanger

Use the “User hanger” type for analyzing existing hangers different from hangers that need
“to be designed” (for which you use the “Hanger” data type). For a hanger already designed
and working, the spring rate and load are known and should be input here. If not, leave

them blank so that CAEPIPE can calculate them. A user hanger is input by typing “u” in
the Data column and pressing Enter or selecting “User Hanger” from the Data Types dialog.

Data Types HE |

" Anchor £ Hanger " Snubber

™ Branch SIF " Harmonic Load  © Spider

" Conc. Mass " JacketEnd Cap " Threaded Joint
" Constant Support € Limit Stop £ Time Yaming Load
" Flange " Mozzle 1]

" Foice £ Restraint " User 5IF

i Force Sp. Load € Bod Hanger i~ weld

" Guide £~ Skewed Restraint O Generic 5upport
ITI Cancel

The User Hanger dialog is shown.

User Hanger at node 30 KA
Spring rate I— [Ibdinch]
Mumber of I'I—
Hanger load I— 5]

Load type: & Hot ¢ Cold

Connected to I

[ Hanger below

k. I Eancell

Spring Rate

The spring rate is required. For a constant support user hanger, input the spring rate as zero.

Number of Hangers

Type in the number of separate hangers connected in parallel at this node. The stiffness and
load of each hanger are multiplied by the number of hangers to find the effective stiffness
and load of the hanger support at this node.

Hanger Load

Input the hanger load, if known. Otherwise, leave it blank and CAEPIPE will calculate the
load.

Hanger Load
The hanger load may be specified as hot or cold using the Load type radio buttons.
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User Hanger

Connected to Node

By default the hanger is connected to a fixed ground point which is not a part of the piping
system. A hanger can be connected to another node in the piping system by entering the
node number in the “Connected to node” field. This node must be directly above or below
the hanger node.
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User SIF

User SIF (Stress Intensification Factor) may be used to specify SIF at a node where there is
normally no SIF (i.e., non bend or non tee node) or to override calculated SIF at the node.

Use this for any component that needs an SIF value — nonright angle tees, nonstandard tee
or branch connection, flanges, etc. — for which the chosen piping code does not specify an
SIF, or you want to override the code’s SIF. For example, in case of a bend or a tee,
CAEPIPE calculates the SIF according to the selected piping code. To override the
calculated SIF, specify a User SIF. Note that a User SIF is applied to all elements that come together at
this node.

A User SIF is input by typing “user s” in the Data column or selecting “User SIF” from the
Data types dialog.

Data Types |

" Anchor " Hanger " Snubber

™ Branch SIF " Hammonic Load  © Spider

" Conc. Mass " JacketEnd Cap ¢ Threaded Jaint
™ Constant Suppart © Limit Stop = Tiime Vaming Load
" Flange " Nozzle " User Hanger

" Foice £~ Restraint i QserSIF‘

= Force 5p. Load € Bod Hanger i~ weld

" Guide " Skewed Restraint © Generic 5upport
ITI Cancel |

Depending on the piping code, either a single value (B31.1) or both in-plane and out-of-
plane values of SIF (B31.3) may be required. The corresponding dialog will be shown.

B31.1 code

Uszer SIF at node [ x|
SIF ||

ak. I Cancel |

B31.3 code

Uszer SIF at node |
In Plane ||
Cut of Plane I

ak. I Cancel |
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Valve

Use this element to model any type of valve. A valve is relatively more rigid than a pipe.

CAEPIPE uses the data input

cCc__2

A Valve is input by typing “v
Types dialog.

Element Types

{” From £ Slip joint

" Pipe " Hinge Joint

" Bend " Ball joint

" Miterbend  Bigid element
(¥ ialye "~ Elastic element

" Reducer " Jacketed pipe
i~ Bellows i Jacketed bend

k. I Eancell

to calculate the rigidity.

in the Type column or selecting “Valve” from the Element

HEE|
£ Cut pipe
" Beam
" Tie od
£~ Location
" Comment

' Hydratest load

The Valve dialog is shown.

Yalve from 80 to 90 HE

Weight | 200 ]

Length I [inch]

Thickness = IT

Inzulation weight = IT
Addiional weight [50 (b)
Walve Type Im

(ffzetz of addiional weight from center of

D finch] DY finch] D2 [inch)
[0 18 [0

k. I Eancell I__iI:urar_l,ll

Weight

The weight is the empty weight (without contents, insulation, etc.). CAEPIPE applies this
weight as a uniformly distributed load along the length of the valve. Additional weight, if
specified, is treated as a concentrated weight offset from the center of the valve.

Length

If the valve length is input, the DX, DY, DZ in Layout is adjusted to match the valve length.
If the valve length is left blank, the valve length is calculated from DX, DY, DZ input in

Layout.
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Valve

Thickness X

The thickness multiplier (Thickness X) is used for stiffness calculation (i.e., the thickness of
the pipe section is multiplied by Thickness multiplier in the calculation of the valve stiffness).
Typical value for Thickness multiplier is 3 which is the default value if left blank.

Insulation weight X

The insulation weight multiplier (Insulation weight X) is used if the valve has additional
insulation compared to adjacent pipe (i.e., weight of insulation calculated from the insulation
thickness of the pipe section is multiplied by Insulation weight X multiplier). Typical value
for insulation weight multiplier is 1.75 which is the default value if left blank.

Additional weight

The additional weight is a concentrated weight which may be specified at an offset from the
center of the valve, such as for a valve operator.

Valve Library

Cast Iron, Steel and Alloy valve (Flanged and Butt Welding ends) libraries are provided. The
Type of Valve, Connection Type and Rating are indicative in the filenames listed in the
libraries. You need to input only the weight of a valve. If necessary, you may create your own
user-definable valve library. A new valve library can be created from menu File > New >
Valve Library in the main opening CAEPIPE window.

Cast Iron, Steel and Alloy valve (Flanged and Butt Welding ends) libraries are provided. The
Type of Valve, Connection Type and Rating are indicative in the filenames listed in the
libraries. Valve weights are included for different categories of valves. If necessary, you may
create your own user-definable valve library. A new valve library can be created from menu
File > New > Valve Library in the main opening CAEPIPE window.
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Valve

=I= Caepipe =]

File Help

Mew

" Model [.mod)

£~ Material Library [.mat]
" Spectum Library [.zpe]
% Walve Librar [ vall

" Beam Section Library [.bli]
" Flange Modsl [flg]

| k. I Cancel

The valve library may be accessed by clicking on the Library button of the Valve dialog.

Navigate to the folder called “Valve_Library” or similar under your CAEPIPE program files
folder.

=i Open |
Look in: | |, 81LM ~| = & e E-
Name > | +| Date | =] Type
LiiMaterial_Library 2/14/2013 2:58 PM File
| Walve_Library 2/14/2013 2:58 PM File £

1] | I
File name: | Open I
Files of type: IUaIve Library filez [*.wal] j Cancel |
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Valve

= Open |
Laok _in:l Yalve_Library j i £k B~
Mame = | | Date [«] T
Extended_Walve_library 2/14/2013 2:58 PM F

| |AMSI_CI_Acheck_FL.val

| |AMSI_CI_Butterfly FL_L.val
|| ANSI_CI_Butterfly _FL_2.wal

|| AMSI_CI_Gate_Flwal
|| AMNSI_CI_clobe_FL.wal

1]

11/2/2005 5:13 AM
11/2/2005 5:13 &M
11/2/2005 5:13 &M
11/2/2005 5:13 &M
11/2/2005 5:13 AM

File name: |

Files of type: I"-.r"alve Library files [*.vwal)

=~

Open

Cancel

i

Selecting one of these valve types will display a list of valves for you to select from.

mE= Caepipe : Yalve Library [125] - [AMS]_Steel Gate FL.val [C:... =] E3
File Edit ©ptions Help
0= E
# | Descrption Mam |00 | Rating | Connection | Length | Weight
Dia [inch) Tvpe [ft'in"] | (k)
5 |Gate Sol. Wed. & DouwDigk |1 1.315(180  |FL s J
B |Gate Sol. Wed & DouDigk (1-1/4"11.66 |180 [FL 04593
¥ |Gate Sol. Wed. & DouwDigk (11727119 |180  [FL 05413
8 |Gate Sol. Wed. & DouwDigk | 2" 2375(180  |FL o7
9 |Gate Sol. Wed & DouDigk [ 2-1/2" 28751180 [FL 06234
10 | Gate Sol. Wed. & DouwDigk | 3" 35 (180 |FL [.EEED
11 | Gate Sol. Wed. & DouwDigk | 4" 45 (180 |FL 07513
12 | Gate Sol. Wed. & DouwDigk | 5" BEE3[180 |FL oo
13 |Gate Sol. Wed. & DouwDigk | 6" EE25(180 |FL 08760
14 | Gate Sol. Wed. & DouDigk | 8" 8E25(180 |FL 0.9580
15 |Gate Sol. Wed. & DowDigk (10" (1075180 [FL 1.0827
16 |Gate Sol. Wed. & DouDigk (12" (12751680  [FL 1.1E80 LI

Select one from the displayed list. The weights of the valves (in the Extended Library) are
provided. If a valve is flanged, the flanges at the two ends must be separately input using the
Flange data type and their weight accounted for. If you however import a flanged valve from
the library, it may already have that weight built-in. Please confirm the data with your valve
manufacturer’s catalog, and input the correct weight.
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Valve

=" Open Yalve Library |
Laak, jr: I | Extended Walve_libramy j ] |'j€ Eq~
Marme =
. FLANGED 2/14/2013 2:53 PM File f
=1 2/14/2013 2:53 PM File f
. THREADED 2114)2013 2:58 PM File:
Jd | i

File name: | Open I
Filez of type: I"-.r"alve Library files [* val) j Cancel |

=1= Open Yalve Library %] |

Look in: | | B/ ~| & @& et E-

Mame = |~r| Date |~r| Twpe
J BALL 20142013 2:58 PM File f
| GATE 20142013 2:58 PM File f
| GLOBE 2/14/2013 2:58 PM File f
J SWIMG CHECK 2/14/2013 2:58 PM File £

1 |

File name: | Open

i
Filez af ype: I‘v"alve Library files [*.wal] j Cancel |

=I* Open Yalve Library

Laok jr: | | BALL

|| AMSI_Ball_Long_300#_BW.val

12/20/2012 11:38 &M

|| ANST_Ball_Long_600#_EW. val 12/20/2012 11:40 AM
|| ANST_Ball_Long_o00#_Ew. val 12/20/2012 11:42 AM
|| AMSI_Eall_Long_15004_EW,val 12/20/2012 11:44 AM
|| AMSI_Eall_Long_Z5004 W, val 12/20/2012 12:15 PM

1 |

i
Filz name: |.&NSI_BaII_LDng_15EIﬂ_EW Open |

Filez af type: I‘Jalve Library files [*.wal] j Cancel
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Valve

Calculation of Moment of Inertia:

The inside diameter of the valve is calculated from the section O.D. (outside dia.) and the
section thickness.

I.D. = O.D. = 2 X Thickness
Then a new O.D. is calculated as:
New O.D. = LD. (inside dia.) + 2 X Thickness X Multiplier

The moment of inertia is based on the new O.D. and Thickness x Multiplier. For a thin-
walled pipe, Thickness and Inertia multipliers are approximately the same. The weight of the
contents of the valve is based on the I.D. as calculated above. The weight of the insulation is
the weight calculated from the section O.D. and insulation thickness and density (from
section properties) multiplied by the insulation weight multiplier.

Angle/Relief Valve

Angle and relief valves which have the outlet pipe at some angle (typically 90°) from the inlet
pipe may be modeled by two valves one after the other and at that angle. The total weight of
the actual valve must be divided between these two modeled valves.

Analysis note: For a relief valve, you need to calculate the relief valve force and input it at
the valve node as a Force (CAEPIPE treats it as a sustained load). Then, input a dummy g-
load (e.g., 0.01g) and select Static Seismic for analysis. In results, review the occasional
stresses which will include the effects of Sustained and Occasional loads. You will have to
ignore the excessive Sustained stress at the node where the relief valve load (via a Force) was
input. Examine the occasional stress with respect to the occasional allowable (1.2S,), not the
Sustained allowable (S,).

Performing the above analyses in two separate runs will help.

Also, see discussion towards end of the “Force Spectrum Analysis” topic.
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Weld

Use this data type to input a Weld at a node. Type “w” in the Data column or select “Weld”
from the Data types dialog.

Data Types |

= Anchor £ Hanger ™ Snubber

" Branch SIF " Hamonic Load  © Spider

™ Conc. Mass " JacketEnd Cap © Threaded Joint
" Constant Support € Limit Stop ) Time Yaming Load
™ Flange i Mozzle ™ Uszer Hanger

" Foice £~ Restraint ™ User 5IF

" Force Sp. Load € Bod Hanger i MEE

i~ Guide " Skewed Restraint ¢ Generic Support
ITI Cancel |

The Weld dialog is shown. Four types of welds are available: Butt, Fillet, Concave Fillet, and
a Tapered transition. The type of the weld should be selected from the “Type” drop-down

combo box.

Weld at node 90 |
Tepe |Butt weld =]
Butt weld
Mizmatch
Concave fillet weld
T apered transition

ak. I Cancel

Butt weld and Tapered transition require the input of weld mismatch. Mismatch is the
difference in the mean radii across the weld.

Yeld at node 90 |

Type IFiIIet weld j

flizmatzh I [irzh]
Cancel |

The SIF for a weld is calculated according to the selected piping code (see Appendix A for
details). If you have an unlisted weld type, you could specify the SIF for it using the User SIF
data type.
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B31.1 (2012)

Allowable Pressure

At this time, there is no provision in CAEPIPE to specify the type of pipe construction, i.e.,
whether the pipe is a seamless or longitudinal welded or spiral welded. Accordingly,
irrespective of the type of pipe construction, CAEPIPE calculates allowable pressure as
follows.

For straight pipes and bends with seamless construction or designed for sustained operation
below the creep range, Eq. (9) of para.104.1.2 is used as given below to compute allowable
pressure.

_ 2SEt,
¢ D, -2Yt,

For straight pipes and bends designed for sustained operation within the creep range, Eq.

(11) of para.104.1.4 is used as given below to calculate allowable pressure.

2SEWt,
@ =D, —2rt,
where
P, = allowable pressure
SE = allowable stress as given in Appendix A of B31.1 (2012) Code, where
E = weld joint efficiency factor or casting quality factor as given in Table 102.4.3
t, = available thickness for pressure design = t,% (1 - mill tolerance/100) - corrosion

allowance
(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be
included in corrosion allowance in CAEPIPE)
t, = nominal pipe thickness
D, = outside diameter of pipe
d = inside diameter of pipe
The Pressure coefficient Y is implemented as per Table 104.1.2 (A). In addition,
Y = 0.0, for cast iton and non-ferrous materials.

_ _d
v o= Y_d+Do

900°F (480°C) and below
W = weld strength reduction factor as per Table 102.4.7. Refer to Annexure B for details
on Weld strength reduction factor implemented in CAEPIPE.

JAf DJt.<6, for ferritic and austenitic steels designed for temperatures of

For closely spaced miter bends, the allowable pressure is calculated from Eq. (C.3.1) of
para.104.3.3.

_ SEt,(R—71)
7 r(R-r1/2)
where
r = mean radius of pipe = (Dy —t,)/2
R = equivalent bend radius of the miter

For widely spaced miter bends, the allowable pressure is calculated from Eq. (C.3.2) of para.
104.3.3.

SEt?

P =
¢ r(ta +1.25 tan@,/rta)
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B31.1 (2012)

Where, 6 = miter half angle
Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical loads)
is calculated from Eq. 15 of para.104.8.1

PD, , 0751M, _

=g vz =%

where

P = maximum of CAEPIPE pressures P1 through P10

D, = outside diameter

t, = nominal wall thickness

i = stress intensification factor. The product 0.751 shall not be less than 1.0.

M, = resultant bending moment due to weight and other sustained loads

Z = uncorroded section modulus; for reduced outlets, effective section modulus as per
para. 104.8.4

S, = hot allowable stress at maximum CAEPIPE temperature [i.e., at max (Tref, T1
through T10)]

Occasional Stress

The stress (S;,) due to occasional loads is calculated from Eq. 16 of para.104.8.2 as the sum
of stress due to sustained loads (S;) and stress due to occasional loads (S,) such as
earthquake or wind. Wind and earthquake are not considered concurrently.

Pyear D,  0.75iM, 0.75iM,
_ 'peak o_l_ A+ B

St =4 > S <125,
where
Mpg = resultant bending moment on the cross-section due to occasional loads such
as thrusts from relief / safety valve loads, from pressure and flow transients,
earthquake, wind etc.
Pyeak = peak pressure = (peak pressure factor in CAEPIPE) x P

Expansion Stress Range(i.e., Stress due to Displacement LLoad Range)

The stress (Sg;) due to thermal expansion is calculated from Eq. 17 of para.104.8.3.
SE = S SA

where

M; = resultant moment due to thermal expansion

Si = f(1.255; + 0.25S},), from Eq. (1A) of para. 102.3.2 (B)

f = cyclic stress range reduction factor from Eq.(1C) of para. 102.3.2(B),
f

= % <1.0andf > 0.15 with N being the total number of equivalent reference

displacement stress range cycles expected during the service life of the piping

S¢ = basic allowable stress as minimum metal temperature expected during the
displacement cycle under analysis
S, = basic allowable stress as maximum metal temperature expected during the

displacement cycle under analysis
When S, is greater than S, the allowable stress range may be calculated as
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Sy = fI1.25(S¢ + S,) — S.], from Eq. (1B) of para. 102.3.2 (B)

This is specified as an analysis option: “Use liberal allowable stresses”, in the menu Options-
> Analysis on the Code tab of CAEPIPE.

Note:

Refer to Thickness and Section Modulus towards the end of this appendix.
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MANDATORY APPENDIX D

Table D-1 Flexibility and Stress Intensification Factors

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Sketch
l tﬂ
r
Welding elbow or pipe bend R 1.65 0.9 —
[Notes (1), (2), (3), (), (5)] =l = pEy ] i
Closely spaced miter bend
[Notes (1), (2), (3), (5)]
s<r(1+tan 6) st, cot @ 1.52 09
Bz6t, 2r? h*/e h¥?
a< 22 deg
A s
Widely spaced miter bend r T
[Notes (1), (2), (5), (6)] t, (1 + cot 6) 1.52 0.9 T fn
s=r(1+tan 6 a2 3 Y
h h
1
8< 22, deg R rl1+coté)
B 2
Welding tee per r T
ASME B16.9 [Notes (1), 3.1t 1 0.9 T t,
@, @) ; 2
rx
— f—
572
Reinforced fabricated tee (r" +£] 1 0.9 T tn
[Notes (1), (2), (), ©) "' e L S .
rit) ] fi,
Pad Saddle
r i
Unreinforced fabricated tee t
ty 1 Q T n
[Notes (1), (2), 9)] 7 PE%
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Flexibility Stress
Characteristic, Factor, Intensification Factor,
Description h k i Sketch

Branch welded-on fitting

(integrally reinforced) per 3.3t, 1 0.9

MSS SP-97 [Notes (1), (2)] r h
Extruded outlet meeting the

requirements of para. b 1 0.9

.‘
=

104.3.1(G) [Notes (1), (2)]

Welded-in contour insert . 1 0.9
[Notes (1), (2), (7)] 31

w
>

Flexibility
Factor, Stress Intensification Factor,
Description k i Sketch
For checking branch end
Branch connection Ra\¥? (r 0\t [ 'm .
1 1.5|— —|— See Fig. D-1
[Notes (1), (10)] w7 G ¢
Butt weld [Note (1))
t=20.237 in., 1 1.0 [Note (11)]
Bnax < 1/16 in.,
and 8,,,/t <0.13 -
Butt weld [Note (1)] ¢ l t
t=0.237 in,, 1 -
Omax < 1/?3 in., T 8
and 8,,/t = any value 1.9 max. or [0.9 + 2.7(8ag /0],
but not less than 1.0
Butt weld [Note (1)] [Note (11)]
t<0.237 in., 1
Omax = 1/16 in.,
and Saft = 0.33
. See Figs. 127.4.4(A), 127.4.4(B), and
Fillet welds 1 1.3 [Note (12)] 127.4.4(0)

Tapered transition per para. 1.9 max. or

127.4.2(8) and
ASME B16.25 [Note (1)] 13+ 0.0036& v3.62
t

n n D,

H

N

L\
\
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Flexibility Stress Intensification Factor,
Description Factor, k i Sketch
I
2.0 max. or . —l ltz
T o
Concentric reducer per 1 Y
ASME B16.9 [Note (13)] (D12 T D,
05 + 0.0l (—2] D
fa r
Threaded pipe joint or 1 2.3
threaded flange )
Corrugated straight pipe, or
corrugated or creased bend 5 2.5
[Note (14)]
NOTES:
(&)}

3
(4)

)

(®)
@
®
©)

The following nomenclature applies to Table D-1:
B length of miter segment at crotch, in. (mm)

D, = outside diameter, in. (mm)
D,, = outside diameter of branch, in. (mm)
R = bend radius of elbow or pipe bend, in. (mm)
r = mean radius of pipe, in. (mm) (matching pipe for tees)
r. = extemal crotch radius of welded-in contour inserts and welding tees, in. (mm)
s = miter spacing at centerline, in. (mm)
T. = crotch thickness of welded-in contour inserts and welding tees, in. (mm)
t, = nominal wall thickness of pipe, in. (mm) (matching pipe for tees)
t. = reinforcement pad or saddle thickness, in. (mm
a = reducer cone angle, deg
& = mismatch, in. (mm)
¢ = one-half angle between adjacent miter axes, deg

The flexibility factors k and stress intensification factors i in Table D-1 apply to bending in any plane for fittings and shall in no case
be taken less than unity. Both factors apply over the effective arc length (shown by heavy centerlines in the sketches) for curved and
miter elbows, and to the intersection point for tees. The values of k and i can be read directly from Chart D-1 by entering with the
characteristic h computed from the formulas given.
Where flanges are attached to one or both ends, the values of k and i in Table D-1 shall be multiplied by the factor ¢ given below,
which can be read directly from Chart D-2, entering with the computed h: one end flanged, ¢ = h“ﬁ: both ends flanged, ¢ = hYs,
The designer is cautioned that cast butt welding elbows may have considerably heavier walls than those of the pipe with which they
are used. Large errors may be introduced unless the effect of these greater thicknesses is considered.
In large diameter thin-wall elbows and bends, pressure can significantly affect magnitudes of k and i. Values from the Table may be
corrected by dividing k by
ip\ [ '.7;3 {

1+6 (E] L

\Eef b))

11/3

and dividing i by

TSWRLLIPREE
1+3.25 EJ [;-ﬂ) —

\ Joor

Also includes single miter joints.

If ry = Dop/8 and T, = 1.5, a flexibility characteristic, h, of 4.4t,/r may be used.

When t, > 1.5t,, h = 4.05t, [r.

The stress intensification factors in the Table were obtained from tests on full size outlet connections. For less than full size outlets,
the full size values should be used until more applicable values are developed.
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

NOTES (Cont'd):

(10)

(11)

(12)

(13)

(14)

The equation applies only if the following conditions are met:

(a) The reinforcement area requirements of para. 104.3 are met.

(b) The axis of the branch pipe is normal to the surface of run pipe wall.

(c) For branch connections in a pipe, the arc distance measured between the centers of adjacent branches along the surface of the
run pipe is not less than three times the sum of their inside radii in the longitudinal direction or is not less than two times the sum
of their radii along the circumference of the run pipe.

(d@) The inside corner radius ry (see Fig. D-1) is between 10% and 50% of t,.

(e) The outer radius r, (see Fig. D-1) is not less than the larger of T, /2, (T + ¥)/2 [shown in Fig. D-1 sketch (c}], or t,n /2.

(f) The outer radius r3 (see Fig. D-1) is not less than the larger of:

(1) 0.0026d,;
(2) 2(sin 6)® times the offset for the configurations shown in Fig. D-1 sketches (a) and (b).

(Q) an /frm <50andr ’m /Rm =0.5.

The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875f and
1.10t for an axial distance of \D—Uf D, and t are nominal outside diameter and nominal wall thickness, respectively. §, is the aver-
age mismatch or offset.

For welds to socket welded fittings, the stress intensification factor is based on the assumption that the pipe and fitting are matched
in accordance with ASME B16.11 and a full weld is made between the pipe and fitting as shown in Fig. 127.4.4(Q). For welds to
socket welding flanges, the stress intensification factor is based on the weld geometry shown in Fig. 127.4.4(B) and has been shown
to envelop the results of the pipe to socket welded fitting tests. Blending the toe of the fillet weld, with no undercut, smoothly into
the pipe wall, as shown in the concave fillet welds in Fig. 127.4.4(A) sketches (b) and (d), has been shown to improve the fatigue
performance of the weld.

The equation applies only if the following conditions are met:

(a) Cone angle a does not exceed 60 deg, and the reducer is concentric.

(b) The larger of D,/t; and D,/t; does not exceed 100.

(¢} The wall thickness is not less than t; throughout the body of the reducer, except in and immediately adjacent to the cylindrical
portion on the small end, where the thickness shall not be less than t,.

Factors shown apply to bending; flexibility factor for torsion equals 0.9.
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Stress Intensification Factor, i, and Flexibility Factor, k

100

70
60
50

40

30

25

20

Chart D-1 Flexibility Factor, k, and Stress Intensification Factor, i

s Flexibility factor for elbows
k=1.65h

Flexibility factor for miters
k=1.52/h%®

Stress intensification factor
i=0.9/p23

0.01

Correction Factor, ¢

1.00
0.90
0.80

0.70

0.60

0.50

0.30

0.25

0.03 0.04 0.05 0.06 0.08 0.10 0.14 0.2 0.3 04 05 06 0.8 1.0 1.4 2.0
Characteristic, h

Chart D-2 Correction Factor, ¢

One end flanged ¢ = h1®

Both ends flanged c= h1/3

0.01 0.03 0.04 005 0.06 008 010 0.14 0.20 0.30 040 050 0.60 0.80

Characteristic, h

445



B31.1 (2012)

Weld Strength Reduction Factors applied for calculating the Allowable Design
Pressure of components (extracted from Table 102.4.7 of ASME B31.1-2012).

Weld Strength Reduction Factor for Temperature, °F (°C)

700 | 750 | 800 |850 |900 |950 | 1000 | 1050 | 1100 | 1150 | 1200

No. | Steel Group | (371) | (399) | @27) | (454) | 482) | (510) | (538) | (366) | (393) | (621) | (649)

Carbon 1.00 1095 {091 |[NP |NP |NP |[NP |NP |NP |NP |NP
Steel  (CS)
with  Max.
Temp in
CAEPIPE
1s <= 800
[see note 1
below]

Carbon - - 1.00 [ 0.95 [ 091 |0.86 |0.82 |0.77 |0.73 |0.68 |0.04
Steel  (CS)
with  Max.
Temp in
CAEPIPE
> 800

Ferritic 1.00 |1.00 |1.00 |1.00 |1.00 |1.00 [0.95 [0.91 |0.86 |0.82 |0.77
Steels (FS)

Austenitic | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 0.95 [091 |0.86 | 0.82 | 0.77
Steel  (AS)
[contd. in
note 2
below]

Materials 1.00 |1.00 | 1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 |1.00 | 1.00
other than
those stated
from SL

Nos. 1 to 4

Notes:

1. NP = Not permitted
2. For Austenitic Steels (including 800H and 800 HT) the values up to 1500°F are as

follows:
Temperature, °F Temperature, °C Weld Strength Reduction Factor
1250 677 0.73
1300 704 0.68
1350 732 0.64
1400 760 0.59
1450 788 0.55
1500 816 0.50
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Allowable Internal Pressure

For straight pipes and bends, the allowable pressure is calculated using Eq. (3a) for straight
pipes and Eq. (3c) with I = 1.0 for bends from paras. 304.1.2. and 304.2.1. respectively.

_ 2SEWt,

P - -
@~ p—2ve,

P, = allowable pressure

S = allowable stress as provided in para. 302.3.1 (a) and as per Table A-1

E = joint factor (input as material property) from Table A-1A or A-1B from para. 302.3.3.
and para. 302.3.4.

Weld Joint Strength Reduction Factor from para. 302.3.5 (e) and as per Table 302.3.5
is implemented in CAEPIPE as follows. T,z below denotes maximum operating
temperature (i.e., max of T; through Ty and T.ef in CAEPIPE).

S
I

With Material Type in CAEPIPE = CS [CrMo]

W = 1.0 with T < 800°F (or 427°°

W = 0.64 with Ty, > 1200°F (or 649° C) and

For Tpax > 800" F (or 427° C) and < 1200° F (or 649" C), the values of W are taken
from Table 302.3.5.

W for intermediate temperatures are linearly interpolated.

With Material Type in CAEPIPE = FS [CSEF (Subcritical)]

W = 1.0 with Ty < 900" F (or 482° C)

W = 0.5 with T > 900" F (or 482" C)

With Material Type in CAEPIPE = AS or NA

W = 1.0 with Ty, < 950°F (or 510° C)

For Tpax > 950° F (or 510" C), the values of W' are taken as per Table 302.3.5.

W for intermediate temperatures are linearly interpolated.

With Material Type in CAEPIPE = SS

W = 1.0 with T, < 1500"F (or 816" C)

For Other Material Types in CAEPIPE

W = 1.0 with T < 800°F (or 427° C)

W = 1-0.000909 (Tpax — Ter) for Tpax > 800" F (or 427° C) and< 1500°F (or
810°C)

where, T, is taken as 800’ F

t, = available thickness for pressure design

[Pl

= t, X (1 - mill tolerance/100) - corrosion allowance “c
(Any additional thickness required for threading, grooving, erosion, corrosion, etc. should be
included in corrosion allowance in CAEPIPE)
= nominal pipe thickness
= outside diameter
inside diameter
= Pressure coefficient from Table 304.1.1, valid for t, < D /6, and

d+2c
= — i >
Didtoe ,valid fort, = D/6

~ <aggs
I
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For closely spaced miter bends, the allowable pressure is calculated using Eq. (4b) from para.
304.2.3.

SEWt,(R—1)
fo = r(R—1/2)
where
r = mean radius of pipe = (D- tn)/2
R = effective bend radius of the miter (see para. 304.2.3 of code for definition)

For widely spaced miter bends, the allowable pressure is calculated using Eq. (4c) from para.
304.2.3 as
SEWt?

P, =
¢ r(ta + 1.25 tanH,/rta)

where
0 = miter half angle

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated using Eq. (23a) and (23b) from para. 320.2 and para. 302.3.5 (c).

S, =S +S)2+ (25)2 < Sy,

where
Ch e
P lsustained 4t Plsustained

Sb — [\/(IiMi)z + (101\/10)2

Zm Sustained

M,
=2z ]
m-Sustained
P = maximum of CAEPIPE input pressures P1 through P10
D = outside diameter
ts = wall thickness used for sustained stress calculation after deducting corrosion
allowance from the nominal thickness
ts = nominal thickness — corrosion allowance in CAEPIPE, as per para. 320.1
A, = corroded cross-sectional area of the pipe computed using t, as per para. 320.1.
I, = longitudinal force index = 1.0
F, = longitudinal force due to sustained loads (pressure and weight)
R = axial force due to weight
I; = in-plane stress intensification factor; the product 0f0.75i;shall not be less than 1.0
I, = out-of-plane stress intensification factor; the product of 0.75i,shall not be less than
1.0

I, = torsional moment index = 1.0
M; = in-plane bending moment due to sustained loads e.g., pressure and weight
M, = out-of-plane bending moment due to sustained loads e.g., pressure and weight
M, = torsional moment due to sustained loads e.g., pressure and weight
Z, = corroded section modulus as per para. 320.1; for reduced outlets / branch

connections, effective section modulus
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Z, = hotallowable stress at maximum temperature [i.e., at Max(Tref, T1 through T10)]
Sustained plus Occasional Stress

The stress (Sy,) due to sustained and occasional loads is calculated as the sum of stress due
to sustained loads such as due to pressure and weight (S;) and stress due to occasional loads
(S,) such as due to earthquake or wind. Wind and earthquake are not considered
concurrently (see para. 302.3.6(a)).

For temp < 427° C or 800° F
S0 < 1.33S,
For temp > 427° C or 800° F
S0 < 0.9WS

where
S0 =S8, + Sy, where §; is computed as above, and

SO = \/(lsaol + Sbo)2 + (ZSto)Z

_ -IaFa ( peak P)D
Sao =, x
P loccasional Ploccasional

-\/(IiMi)z + (IoMo)z

SbO = Z
mn Occasional

1M

Sto = _ztz t]

m-=0ccasional

Ppeak = peak pressure = (peak pressure factor in CAEPIPE) x P
= axial force due to occasional loads such as earthquake or wind

in-plane bending moment due to occasional loads such as earthquake or wind
= out-of-plane bending moment due to occasional loads such as earthquake or wind

R

M,

M,

M, = torsional moment due to occasional loads such as earthquake or wind
Sy = yield strength at maximum temperature, i.e., max (T, T, through T,
w

= 1.0 for Austenetic stainless steel and 0.8 for all other materials as per para.
302.3.6(a)

Expansion Stress

The stress (Sg) due to thermal expansion is calculated using Eq. 17 from para. 319.4.4

Sp = /(S| +5,)2 + (25,)2

where

I.F,
Sa:[jl“

p lEx)oansion
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Sp

St=

Sh

~ [JuiMi)z + (10M0>2]
B VA

Expansion

[ItMt

2Z ]Expansion

= un-corroded cross-sectional area of the pipe/fitting computed using nominal
thickness t,, and outer diameter D, as per para. 319.3.5.

= axial stress intensification factor = 1.0 for elbows, pipe bends and miter bends and
I, = I,for other components as listed in Appendix D of B31.3 (2012)

= range of axial forces due to displacement strains between any two thermal conditions
being evaluated

= in-plane stress intensification factor; the product of 0.75i; shall not be less than 1.0

= out-of-plane stress intensification factor; the product of 0.75i, shall not be less than
1.0

= torsional stress intensification factor = 1.0

in-plane bending moment

out-of-plane bending moment

torsional moment

= uncorroded section modulus as per para. 319.3.5; for reduced outlets/branch
connections, effective section modulus as per para. 319.4.4 (c)

= S4 = f(1.255; + 0.25S}), Eq. (12) of para. 302.3.5(d)

= stress range reduction factor from Eq. (1c) of para. 302.3.5 (d) = 6N
where f 2 0.15 and f = 1.0 (see Note 1 below)

= basic allowable stress as minimum metal temperature expected during the
displacement cycle under analysis

= basic allowable stress as maximum metal temperature expected during the

displacement cycle under analysis

When S, is greater than §;, the allowable stress range may be calculated as

Sa

= f11.25(S; + S,) — S, 1. Eq. (1b) of para. 302.3.5(d).

This is specified as an analysis option “Use liberal allowable stresses”, in the menu Layout >
Options > Analysis > Code tab.

Notes:

1.

As per para. 302.3.5 (d), f = maximum value of stress range factor; 1.2 for ferrous
materials with specified minimum tensile strengths < 517 MPa (75 ksi) and at Metal
temperatures < 3710°C (7000°F). This criterion is not implemented in CAEPIPE as the
provision for entering the minimum tensile strength in material property is not available
at this time. Hence f < 1.0 for all materials including Ferrous materials.

Refer end of this appendix for the details of “Thickness and Section Modulus used for
weight, pressure and stress calculations”.
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APPENDIX D

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table D300?

Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Factor [Notes (2], (311

Flexibility Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description k iy iy h Sketch
Welding elbow or pipe bend 1.65 0.75 0.9 TR,
[Notes (2), (4)-(71] h PER ItE e
Closely spaced miter bend 1.52 0.9 0.3 cot 8 (sT
5<#y (1 +tan @) IES ez [ 2 l-.r;z |
[Notes (2), (4], (), (7)1 o
Single miter bend or widely 1.52 0.9 0.9 1+ cot # I |
spaced miter bend IES ez I 2 l-. # ..l
s=ra 0l +tan g o
[Notes (2), (4), (7)1
J_T
Welding tee in accordance with 1 0.9 AR A a1 L -""-
ASME Bie.g P # W ) 2
[Notes (2), (4), (&), (8), (911 A ; I
C X
Reinforced fabricated tee 1 0.9 Valot M (T4y, T, 0°
with pad or saddle ez T

[Notes (2), (4), (9), (10], {1111

Tt h
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Table D300? Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d) (1
Stress Intensification
Flexibility Factor [Notes (2), (3)] Flexibility
Factor, Out-of-Plane, In-Plane, Characteristic,
Description & o iy f Sketch
Unreinforced fabricated tee 1 0.9 AR T
[Notes (2], (4), (9}, (11)] e a
4T
Extruded welding tee with 1 0.9 b+ Yy (BT T ¥
Fr=0.05 D, PEE [1+ AR +5t—

1 r
T.<157T ' ° I r2
[Notes (2], (4), (9] Tx

Welded-in contour insert 1 0.9 Yl + Y 31
[Notes (2], (4), (), (9)] red "
Branch welded-on fitting 1 0.9 0.9 33 7
(integrally reinforced) Pz s f
[Notes (2), (4), (11}, (12)]
Stress
Flexibility Intensification
Description Factor, & Factor, 7 [Note (111
Butt welded joint, reducer, or weld neck flange 1 10
Double-welded slip-on flange 1 1.2
Fillet or socket weld 1 1.3 [Note {(13)]
Lap joint flange (with ASME Bie.9 lap joint 1 16
stub)
Threaded pipe joint or threaded Aange 1 23
Corrugated straight pipe, or corrugated or 5 25

creased bend [Note (14)]
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Stress intensification factor §

Carr factor ¢y

and flexibility factor &

Table D300?

100

20

B0

a0

30

L
:/

Flexibility Factor, k, and Stress Intensification Factor, 7 {(Cont'd)

Flexibility factor for
elbows k = 1,65/h

Flexibility factor for

/ miters k = 1.52/4 75

Stress intensification
factor / = 0.9/h

Stress intensification
factor / = 0.75/h "3

/AN N

//
y

N

1

AN

N

Y
N\

1)
06 0810 1.6

0.02 003 0.04 0.06 0,10 045 0.2 03 04
Characteristic h
Chart A
1.00
-l
0.75
e
_—
0.50
,f\ \
0.375 /,-— BN 1 End flanged €9 = h '6
/ ™ 2 Ends flanged ¢4 = Bl

0,25

Chart B
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Table D300 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES:

(1) Stress intensification and flexibility factor data in Table D300 are for use in the absence of more directly applicable data (see para.
319.3.6). Their validity has been demonstrated for 0/ T = 100.

(2) The flexibility factor, k, in the Table applies to bending in any plane. The flexibility factors, k& and stress intensification factors, i
shall not be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy
centedines in the sketches) for curved and miter bends, and to the intersection point for tees.

(3) A single intensification factor equal to 0.9/h*? may be used for both j; and i, if desired.

(4) The values of k and i can be read directly from Chart A by entering with the characteristic b computed from the formulas given
above. Nomenclature is as follows:

0, = outside diameter of branch

Ry = bend radius of welding elbow or pipe bend

re = see definition in para. 304.3.4(c)

r; = mean radius of matching pipe

5 = miter spacing at centerline

T = for elbows and miter bends, the nominal wall thickness of the fitting

= for tees, the nominal wall thickness of the matching pipe

T. = crotch thickness of branch connections measured at the center of the crotch where shown in the sketches
T. = pad or saddle thickness

# = onehalf angle between adjacent miter axes

i5) Where flanges are attached to one or both ends, the values of k and 7 in the Table shall be corected by the factors Cy, which can be
read directly from Chart B, entering with the computed h.

(6) The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are
used. Large errors may be introduced unless the effect of these greater thicknesses is considered.

(7) Inlarge diameter thin-wall elbows and bends, pressure can significantly affect the magnitudes of k and /. To correct values from the
Table, divide k by
divide i by
For consistency, use kPa and mm for SI metric, and psi and in. for U.S. customary notation.

8 Ifr,= 1/9 Dy and T, = 157, a flexibility characterstic of 4.4 ?,I'I’) may be used.

(9) Stress intensification factors for branch connections are based on tests with at least two diameters of straight run pipe on each side
of the branch centerline. More closely loaded branches may reguire special consideration.

(10) When T, is = 1% T, use h = 4 T/r..

(11) The out-of-plane stress intensification factor (SIF) for a reducing branch connection with branch-to-run diameter mtio of
0.5 <d /0= 1.0 may be nonconservative. A smooth concave weld contour has been shown to reduce the SIF. Selection of the
appropriate SIF is the designer's responsibility.

(12) The designer must be satisfied that this fabrcation has a pressure rating equivalent to straight pipe.

(13) For welds to socket welded fittings, the stress intensification factor is based on the assumption that the pipe and fitting are matched
in accordance with ASME B16.11 and a fillet weld is made between the pipe and fitting as shown in Fig. 328.5.2C. For welds to
socket welded flanges, the stress intensification factor is based on the weld geometry shown in Fig. 328.5.28 sketch (3) and has
been shown to envelope the results of the pipe to socket welded fitting tests. Blending the toe of the fillet weld smoothly into the
pipe wall, as shown in the concave fillet welds in Fig. 328.5.2A, has been shown to improve the fatigue performance of the weld.

(14) Factors shown apply to bending. Flexibility factor for torsion equals 0.9.
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from 104.1.2.

2SEt,
D -2Yt,
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property)
t,, = minimum required thickness, including mechanical, corrosion, and erosion
allowances
= t X(1 — mill tolerance/100) — corrosion allowance
t = nominal pipe thickness
D = outside diameter
d = inside diameter
Y = pressure coefficient from Table 104.1.2(a)2

Sustained Stress

The stressS; due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from 102.3.2(d)

_ PD + \/(llMl.)z + (iolwo)2

Sy i, Z < S
where
P = maximum pressure
D = outside diameter
t,, = minimum wall thickness
I[; = in-plane stress intensification factor
i, = outof plane stress intensification factor
M; = in-plane bending moment
M, = out of plane bending moment
Z = section modulus
S, = hot allowable stress

Occasional Stress

The stress Sy is calculated as the sum of stress due to sustained loads S; and stress due to

occasional loads Sy such as earthquake or wind. Wind and earthquake are not considered
concurrently (102.3.1).

\/(iiMi)z + (io]‘/lo)2
Z

SLO = SL + < 125h
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from (119.6.4).

Sg = /sg +4S2<s,

S, = resultant bending stress = /(i;M;)? + (i,M,)%/Z

S; = torsional stress = M, /27

Z = uncorroded section modulus, for a branch, effective section modulus
Sy = f(1.255, + 0.25S;)

S. = allowable stress at cold temperature

f = stress range reduction factor from Table 102.3.2(c).

When S, is greater than S, the allowable stress range may be calculated as
Sq = fI1.25(S; + Sp) — S,

This is specified as an option (Use liberal allowable stresses) in the menu Options > Analysis
on the Code tab.
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Allowable Pressure

For straight pipes and bends (including closely spaced and widely spaced miter bends), the
allowable pressure is calculated from para. 403.2.1.

2SEt,
Pi =
D
where
P; = allowable pressure
S = allowable stress = 0.72 S,
Sy = specified minimum yield strength of pipe
E = weld joint factor as defined in Table 403.2.1-1
t, = available thickness for pressure design
= t, X(1 — mill tolerance/100) — sum of allowances, as per para. 403.2.1, for
corrosion, threading, grooving and erosion.
D = outside diameter

Stress due to Sustained Loads (Unrestrained Piping)

For Pipes (as per para. 402.6.2)

\/(iiMi)z + (ioMo)z + (Mt)z

PD F,
= +
Sustained Z

S, =|—+
L7 4at, 4

<0758,

Sustained

as per Table 403.3.1-1

where

i in-plane stress intensification factor = 1.0 for pipes
[, = out-of-plane stress intensification factor = 1.0 for pipes

For Fittings & Components.(as per para. 402.6.2)

_|PD F, J(0.75i;M;)% + (0.75i,M,)? + (M,)?
60 = o, Y ¥ Z
n Sustained Sustained
<0.75S,

as per Table 403.3.1-1

where
P = maximum operating pressure = max of CAEPIPE input pressures (P1 through P10).
Due considerations shall be given as per para. 401.2.2.2 while inputting pressure

values in CAEPIPE.
D = outside diameter
t, = nominal thickness as per para. 402.1
I[; = in-plane stress intensification factor; the product 0.75i;shall not be less than 1.0
I, = out-of-plane stress intensification factor; the product 0.75i,shall not be less than 1.0
M; = in-plane bending moment

M, = out-of-plane bending moment
M, = torsional moment
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= uncorroded section modulus; for reduced outlets, effective section modulus

axial force component for external loads
nominal cross-section area

e N
I

= specified minimum yield strength of pipe
Stress due to Sustained Loads + Occasional Loads (Unrestrained Piping)

For Pipes (as per para. 402.6.2)

( veak — P)D +F

VM) + (i,M,)? + (M,)?
4t, +

Z

occasional ]occasional

SLO =SL+

<0.8S,

as per Table 403.3.1-1
For Fittings & Components (as per para. 402.6.2)

J(0.75i;M)% + (0.75i,M,)2 + (M,)?
Z

occasional joccasiunal

( veak —P)D F,
4t, ta

SLo = SLfey + <0.8S,

as per Table 403.3.1-1

where

Pear = peak pressure = (peak pressure factor x P) where P = maximum operating

pressure, as defined above with 1.0 < peak pressure factor = 1.1 as per para.
403.3.4

Expansion Stress (Unrestrained Piping)

The stress (Sg) due to thermal expansion is calculated from para.402.5.2

Sp = /Sg + 4S? < Spas per Table 403.3.1-1 and para. 403.3.2

where

Sp = resultant bending stress

_ VEGM)Z (i Mo)?
- z

. M
St = torsional stress = —

M; = torsional moment
Z = uncorroded section modulus; for reduced outlets, effective section modulus

Please note, “Liberal allowable” option is always turned ON for ANSI B31.4

Sy = fl1.25(5. + S,) — S,
f = stress range reduction factor = 6/N°2, where N = number of equivalent full range
cycles

where f < 1.2 (from para. 403.3.2).

Sc = 0.675,, at the lower of the installed temperature or minimum operating temperature
= 0.675,at the higher of the installed temperature or maximum operating temperature

where

S, = specified minimum yield strength of pipe
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Stress due to Sustained, Thermal and Occasional Loads (Restrained Piping)

The Net longitudinal stress (S;) due to sustained, thermal expansion and occasional loads for
restrained piping is calculated from para. 402.6.1

S = max(|Sp +S, + SB|, |Sp +S, — SBD
max(|SP + Sx + SB|’ |SP + Sx — Sp Occasional

max(lslearmest ’ |ST|coldest) < 0-9Sy
where

sustained

PD . ..

Pressure stress = §,, = U= where v = 0.3 as per para. 402.2.3 and can be either positive or
n

negative

Fq

Stress due to axial loading (other than temperature and pressure)= S, = —

and can be positive or negative.

Nominal bending stress Sg from Weight and / or other External loads for

For Pipes

JEGM)Z+(3ioMy)2+(M,)?
VA

SB:

For Fittings & Components

_ J0.758;M )2 +(0.75i, My )2 +(M, )2
Sp = B

Thermal expansion stress Sy = Ea(T; — T, ), which can either be positive or negative

where

P = maximum operating pressure = max (P, through P,)
D = outside diameter

t, = nominal thickness

.
=
|

in-plane stress intensification factor; the product 0.75i; shall not be less than 1.0

i, = out-of-plane stress intensification factor; the product 0.75i, shall not be less than 1.0
M; = in-plane bending moment

M, = out-of-plane bending moment

M; = torsional moment

F, = axial force component for external loads

A = nominal cross-section area

Z = uncorroded section modulus; for reduced outlets, effective section modulus
Sy = specified minimum yield strength of pipe

T; = installation temperature = T, ;in CAEPIPE

T, = warmest or coldest operating temperature

a = coefficient of thermal expansion at T, defined above

E = young’s modulus at ambient (reference) temperature
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Note:

1.

Para. 402.6.2 of B31.4 (2012) states that “Longitudinal stress from pressure in an
unrestrained line should include consideration of bending stress or axial stress that may
be caused by elongation of the pipe due to internal pressure and result in stress at bends
and at connections and produce additional loads on equipment and on supports”.

The above statement seems to imply that “elongation of pipe and opening of bends due
to Bourdon effect” are to be included in the Sustained load case (and hence in Operating
case and Sustained plus Occasional load case).

On the other hand, since the deformation due to Bourdon effect is being constrained by
piping supports, CAEPIPE includes the Bourdon effect as part of the results for
Thermal Expansion (when “Solve Thermal Case” is opted) or as part of the Operating
Case (when “Thermal = Operating — Sustained is opted).

Young’s modulus of elasticity corresponding to reference temperature (T,.) is used to
form the stiffness matrix in accordance with para. 402.2.2.

Refer Annexure B for the details of “Thickness” and the “Section Modulus” used for
weight, pressure and stress calculations.
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Table 402.1-1

Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification

Factor
Flexibility i ig Flexibility
Description Factor, k [Note (1)] [Note (2)] Characteristic, h Sketch
Welding elbow, 1.65 0.9 0.75 R
or pipe bend - =5 -5 =
[Notes (3)-(7)] ™ h= r
Closely spaced
miter bend, 1.52 0.9 0.75 coté ts
[Motes (3)—(5), and (7)) hsle [IE Q203 2 2
s <r(1+tan @)
Widely spaced
miter bend, 1.52 0.9 0.75 1+coté t
[NOtE§ (3),(4), (7), and (8)] hl6 R23 p2i3 2 r
szr(1+1an 6 _rl1+cotd)
2
=
Welding tee 0.9 _ [)
[Notes (3) and (4)] 1 0.75i, + 0.25 2'” 4.4 7 1 r
per ASME B16.9 h™
) 3
Reinforced tee A
f/
Notes (3),(4), and (9)] 1 0.75i, + 0.25 02 (e+1/2 7 + ! t
with pad or saddle h~ 32, ; lT
Pad Saddle
7 i r
Unreinforced n I
fabricated tee 1 0.75i + 0.25 0.9 t J*r
[Notes (3) and (4)] e ' r [)
£
. 0.9 [ n\t )
Extruded welding tee 1 0750 + 0.25 h2i3 ( 1+ Tl ,..._._....--l- — L
[Notes (3),(4), and (10)]
r, = 0.05d
t. < 1.5t
Butt welded joint, reducer, 1 1.0
or welding neck flange
Double welded slip-on flange 1 1.2
Fillet welded joint (single 1 1.3

welded), or single welded
slip-on flange
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Table 402.1-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor
Flexibility iy iy Flexibility
Description Factor, k [Note (1)] [Note (2)] Characteristic, h Sketch

Lapped flange (with ANSI B16.9 1 1.6

lap-joint stub)
Threaded pipe joint, or 1 2.3

threaded flange
Corugated straight pipe, or 5 2.5

corrugated or creased bend

[Note (11)]
NOTES:
(1) In-plane.

(2) Qut-of-plane.

(3) For fittings and miter bends, the flexibility factors, k, and stress intensification factors, i, in the Table apply to bending in any plane
and shall not be less than unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy center
lines in the sketches) for curved and miter elbows, and to the intersection point for tees.

(4) The values of kand i can be read directly from Chart A by entering with the characteristic, h, computed from the equations given,
where

o
|

= outside diameter of branch

bend radius of welding elbow or pipe bend, in. (mm)

r = mean radius of matching pipe, in. (mm)

r, = see Note (10)

s = miter spacing at center line

T = pad or saddle thickness, in. (mm)

t = nominal wall thickness of: part itself, for elbows and curved or mited bends; matching pipe, for welding tees; run or
header, for fabricated tees (provided that if thickness is greater than that of matching pipe, increased thickness must
be maintained for at least one run 0.D. to each side of the branch 0.D.)

t. = the crotch thickness of tees

# = one-half angle between adjacent miter axes, deg

el
Il

(5) Where flanges are attached to one or both ends, the values of k and i in this Table shall be corrected by the factors C, given below,
which can be read directly from Chart B, entering with the computed h: one end flanged, h'/¢ > 1; both ends flanged, h'/3 > 1.

(6) The engineer is cautioned that cast butt welding elbows may have considerably heavier walls than that of the pipe with which they are
used. Large errors may be introduced unless the effect of these greater thicknesses is considered.

(7) In large diameter thin wall elbows and bends, pressure can significantly affect the magnitude of flexibility and stress intensification fac-
tors. To correct values obtained from this Table for the pressure effect, divide

pir EE P BYE]
Flexibility factor, &, by 1+6 EH (?]
P sf2 y- 2/
Stress intensification factor, 7, by 1+3.25— [—] (—]
£\t \r

where
E, = cold modulus of elasticity
P = gage pressure

(8) Also includes single miter joint.
(9) When T > 1Y%t, use h = 4.05 t/r.
(10) Radius of curvature of external contoured portion of outlet measured in the plane containing the axes of the run and branch. This is
subject to the following limitations:
(a) minimum radius, ry: the lesser of 0.05d or 38 mm (1.5 in.)
(b) maximum radius, r, shall not exceed
(1) for branches DN 200 (NPS 8) and larger, 0.10d + 13 mm (0.50 in.)
(2) for branches less than DN 200 (NPS 8), 32 mm (1.25 in.)
(c) when the external contour contains more than one radius, the radius on any arc sector of approximately 45 deg shall meet
the requirements of (a) and (b) above
(d) machining shall not be employed in order to meet the above requirements
(11) Factors shown apply to bending; flexibility factor for torsion equals 0.9.
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Stress intensification factar /

Carr factor €

and flexibility factor k

Table 402.1-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont'd)

100
8o Flexikility facter for
|~ elbows k = 1.85/h
&0 /
N /
] Flexibility factor for
40 / |~ miters k = 1.52/h%
\ _)/'/
TN N s
\ |~ Stress intensification
20 N |~ factor i = 0.9/h*
15 K
10 \ -t
Ty
B \\< o
B \ =
4 "
.
2 - \
Ny
1.5 , '\\ N
1 \l
Doz  0.03 004 008 010 015 0.2 0.3 04 06 0B1D0 15
Characteristic i
Chart A
1.00 —3 ?'f
-
Qs e —
-.‘
-
os0f——0o-
”.—-"“ﬂ\‘
— /ﬂ_,.—-‘ ™ 1End flanged C, = A'®
/ \”‘2End§llangEd Cy=h""
0.25

Chart B

464



B31.5 (2013)

Allowable Pressure

For straight pipes and bends (including closely spaced and widely spaced miter bends), the
allowable pressure is calculated from para. 504.1.2.

2SEt,
- D —2Yt,
where
P = allowable pressure
S = basic allowable stress at maximum of CAEPIPE input temperatures T, through T,
E = longitudinal or spiral joint factor (input as material property) from para. 502.3.1 and

Table 502.3.1
Table 502.3.1 provides maximum allowable hoop stress values (SE) as a function of metal
temperature and includes Longitudinal or Spiral Joint Factor (E) for various materials.
Divide SE value by E value provided in Table 502.3.1 to obtain basic allowable stress S. For
materials where E is not given explicitly in Table 502.3.1, use E = 1.0.

Hence, SE in the above formula for allowable pressure P is the allowable hoop stress per
para. 502.3.1 and Table 502.3.1.
t, = available thickness for pressure design (as per para. 504.1.1)

= t, % (1 - mill tolerance/100) - corrosion allowance
(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be

included in corrosion allowance)

t, = nominal pipe thickness
D = outside diameter
d = inside diameter

Y = pressure coefficient
For ductile non-ferrous materials and ferritic and austenitic steels,

Y =04 forD/t, 2 6andY == for 4 <D/t; < 6

For Cast Iron, Y = 0.0
Sustained Stress (in corroded condition)

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from para. 502.3.2(d). Also, refer to Note 1 below.

_PD_ J@M)® + (M,)? _

St 4t, Z, < Sh
where
P = maximum of CAEPIPE input pressures P, through P,
D = outside diameter
t. = nominal thickness — corrosion allowance, as per para. 502.3.2 (d)
[; = in-plane stress intensification factor
[, = out-of-plane stress intensification factor
M; = in-plane bending moment
M, = out-of-plane bending moment
Z, = corroded section modulus as per para. 502.3.2 (d)
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Sp = basic allowable stress at maximum of CAEPIPE input temperatures T, through T,
Occasional Stress (in corroded condition)

The stress (S;,) due to occasional loads is calculated as the sum of stress due to sustained
loads (S;) and stress due to occasional loads (S,) such as earthquake or wind. Wind and
earthquake are not considered concurrently (see para. 502.3.3 (a)). Also, refer to Note 1
below.

P, D
Spo = pf;k +
c

< 1.33S,

\/(iiMi)z + (ioMo)z + \/(iiMi)z + (ioMo)z

Z Z
sustained occasional
where

Ppeai = peak pressure = (peak pressure factor) x P, where P is defined above
Expansion Stress (in uncorroded condition)

The stress (Sg) due to thermal expansion is calculated from para. 519.4.5 and para. 519.3.5.

Sp = /sg + 452 < S,

where

Sy = resultant bending stress = M

S; = torsional stress :I;—Zt

M, = torsional moment

Z = uncorroded section modulus; for reduced outlets, effective section modulus

Sa = f(1.258.1q + 1.258},; )(see para. 502.3.2 (c))

f = stress range reduction factor from Figure 502.3.2

Scoid = basic allowable stress as minimum metal temperature expected during the
displacement cycle under analysis

Shot = basic allowable stress as maximum metal temperature expected during the

displacement cycle under analysis

When S, is greater than S, the allowable stress range may be calculated as
Sa = Sa+f(Sh—51)

where, Sj, = basic allowable stress at maximum of CAEPIPE input temperatures T,, T, and
T,

This is specified as an analysis option: “Use liberal allowable stresses”, in the CAEPIPE
menu Options->Analysis on the Code tab.

Notes:

1. As per para. 502.3.2 (d), the pressure stress should be calculated using the formula
Pd?/(D? — d?), where d is the internal diameter = D — 2t,. This can be selected
through Options > Analysis > Pressure

2. Refer Annexure B for the details of “Thickness” and the “Section Modulus” used for
weight, pressure and stress calculations.
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Table 519.3.6 lllustration

Chart B

467

100
80 Flexibility factor
|~ elbows, k = 1.65/h
&0
N /
Fiexibility factor for
40 ] /‘ miters, k = 1.52/h™8
30 \ /’/
N ™
\ L] Stress intensification
= 20 ™ factor, i = 0.91'?1'2"‘-"
g P
% s 9
: | X
2 3
g% , o\ "< \
3= .
a
E ® 8 \
eg e \
g2 i NG
£5 6 ~
@ \ NN
4
: \ ‘Q
2 NG
N
1.5 \ \
! N
002 003 004 006 010 015 0.2 0.3 0.4 06 B0 -t
Characteristic, i
Chart A
1.00
e
-
G 0,75 ]
ot I
‘g __..l..-—"" "—/
050 F——— S S — -
'é .-'"f/\
g 0a7s .--"""'——" ™ 1 End flanged, 4 = #'15
S / 2 Ends flanged Cq = A2
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Table 519.3.6 Flexibility Factor, k,

and Stress Intensification Factor, i

Stress Intensification

Flexibility Flexibility Factar
Characteristic, Factor, i iy
Description h k [Note (1)] [Note (2)] lllustration
s
Welding e(lbow jor pipe bend R 1.65 0.9 0.75 L&
Notes (3)-(7 — e — _—
[ )=(7)] 2 h e n% R = bend radius
Closely spaced miter bend —
[Notes (3), (4), (5), and (7)], Isjeot o) L2 99 0.75
s<r(l+tan () rtt 2 h% h h%
Widely spaced miter bend - )
[Notes (3), (4), (7), and (8)], Tilrcoti 1.52 ) 075
szr(l+tan t) ryo 2 ) W% h% h%
Welding tee ASME B16.9 T . 0.9
[Notes (3) and (4)] 4.4— ! 0.750p + 0.25 -
r h A
Reinforced fabricated _ \
tee with pad or saddle (T +'/,7)% 1 0.750, + 0.25 09
[Notes (3), (4), and (9)] hr x4
Unreinforced fabricated tee T . 0.9
T 1 0.75ip + 0.25 0.3
[Notes (3) and (4)] p .
Butt wglded joint, reducer, or 1 10 10
welding neck flange
Double-welded slip-on flange 1 1.2 1.2
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Table 519.3.6 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Flexibility Flexibility Factor
Characteristic, Factor, i iy
Description h k [Note (1)] [Note (2)] Illustration
Fillet welded joint (single- s 1 1.3 1.3

welded), socket welded flange,
or single-welded slip-on flange

Lap flange (with ASME B16.9 . 1 1.6 1.6
lap-joint stub)

Threaded pipe joint or o 1 2.3 2.3
threaded flange

Corrugated straight pipe, or . 5 2.5 2.5
corrugated or creased bend
[Note (10)]

GENERAL NOTE: For reference, see Table 519.3.6 Illustration on page 41.

NOTES:

(1) In-plane.

(2) Out-plane.

(3) For fittings and miter bends the flexibility factors, k, and stress intensification factors, i, in the Table apply to bending in any plane
and shall not be less than unity; factors for torsion equal unity.

(4) Both factors apply over the effective arc length (shown by heavy centerlines in the sketches) for curved and miter elbows and to the
intersection point for tees. The values of k and i can be read directly from Chart A by entering with the characteristic, h, computed
from the equations given where

R = bend radius of welding elbow or pipe bend, in. (mm)

r = mean radius of matching pipe, in. (mm)

s = miter spacing at centerline, in. (mm)

T = pad or saddle thickness, in. (mm)

T = nominal wall thickness, in. (mm), of: part itself for elbows and curved or miter bends; matching pipe for weld-
ing tees; run or header for fabricated tees (provided that if thickness is greater than that of matching pipe,
increased thickness must be maintained for at least one run outside diameter to each side of the branch out-
side diameter).

! = one-half angle between adjacent miter axes, deg

(5)  Where flanges are attached to one or both ends, the values of k and T in the Table shall be corrected by the factors ¢, given
below, which can be read directly from Chart B; entering with the computed h: one end flanged, h%z 1; both ends flanged, h% 2 1.

(6) The engineer is cautioned that cast butt welding elbows may have considerably heavier walls than that of the pipe with which they
are used. Large errors may be introduced unless the effect of these greater thicknesses is considered.

(7)  In large-diameter thin-wall elbows and bends, pressure can significantly affect the magnitude of flexibility and stress intensification
factors. To correct values obtained from the Table for the pressure effect, divide
(a) flexibility factor, k, by

DGR
E\T! \rf
(b) stress intensification factor, i, by
5 2
P iri2{R"
1+ 3.25 f_c ‘=‘| 'Flll
where

E. = cold modulus of elasticity, ksi (MPa)

P = internal design pressure, psi (kPa)

(8) Also includes single-miter joint.

(9) When T=>1.57,use h = 4.05T /r.

(10) Factors shown apply to bending; flexibility factor for torsion equals 0.9.
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Allowable Pressure

For straight pipes and bends (including closely spaced and widely spaced miter bends), the

allowable pressure is calculated from para. 841.1.1.

t

S

D
F
T

_ 2SEt,FT
D

allowable pressure

specified minimum yield strength from para. 817.1.3 (h) and para. 841.1.4 (a)
longitudinal joint factor (input as material property), obtained from Table 841.1.7-1
and para. 817.1.3 (d)

nominal pipe thickness

nominal outside diameter

construction type design factor, obtained from Table 841.1.6-1

temperature derating factor, obtained from Table 841.1.8-1 and para. 841.1.8

Stress due to Sustained and Occasional Loads (Unrestrained Piping)

The sum of longitudinal pressure stress and the bending stress due to external loads, such as
weight of the pipe and contents, seismic or wind, etc. is calculated according to paras. 833.6

(a) and 833.6 (b) along with paras. 805.2.3, 833.2 (b), 833.2 (d), 833.2 (¢) and 833.2 (£).

Please note, the “include axial force in stress calculations” option is turned ON by default for
ANSI B31.8.

Sustained Stress S; (required to compute Expansion Stress Allowable Sy):

For Pipes and 1 ong Radius Bends

Sy =

PD R
4t

PD R N [\/(iiMi)Z + (ioMo)Zj
A Sustained Z Sustained

For other Fittings or Components.

PD R J(0.75;M;)% + (0.75i,M,)2 + (M,)?
SLirey = |4 Y 7
n Sustained Sustained

Sustained + Occasional Stress S;q:

For Pipes and 1 ong Radjus Bends

P)D R iM)Z + (i,M,)?|
Sio = i+ (Py e“: ) - +[‘/(' ‘)Z(° °)j < 0.75ST
t occasional occasional

For Fittings or Components

S0 = Sy +

where

P
P
D

p

eak

J(0.75i;M)% + (0.75i,M,)? + (M,)?

( ek —P)D R
*ta A

< 0.758T
at, < 0.75§

occasional [ ]occasional

= maximum operating pressure = max (P, through P,)
= Peak pressure factor x P

nominal outside diameter
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t, = nominal thickness

; = in-plane stress intensification factor; the product 0.75i; shall not be less than 1.0

i, = out-of-plane stress intensification factor; the product 0.75i,shall not be less than
1.0

M; = in-plane bending moment

M, = out-of-plane bending moment

M, = torsional moment

Z = uncorroded section modulus; for reduced outlets, effective section modulus

R = axial force component for external loads (other than thermal expansion and
pressure)

A = corroded cross-section area (i.e., after deducting for corrosion)

S = specified minimum yield strength from para. 841.1.1(a)

T = temperature derating factor, obtained from para. 841.1.8 and Table 841.1.8-1

Note:

Young’s modulus of elasticity corresponding to the lowest operating temperature [=min (T
through T, T,.p] is used to form the stiffness matrix for Sustained and Occasional load
calculations.

Expansion Stress (Unrestrained Piping)

The stress (Sg) due to thermal expansion is calculated from para.833.8.

Sp = /sg + 452 < S,

where
. VEM)DZ 43, M, )?
Sp = resultant bending stress = ”foo
. M
S, = torsional stress = —
2Z
M; = torsional moment
Z = uncorroded section modulus; for reduced outlets, effective section modulus

Please note, “Liberal allowable” option is alhways turned ON for ANSIT B31.8.
Sy, = f[1.25(S¢ + Sp) —S.]

f = stress range reduction factor = 6/NO0.2, where N = number of equivalent full range
cycles

where f < 1.0 (from para. 833.8 (b)).

f = 0.33SuT at the minimum installed or operating temperature

S, = 0.33SuT at the maximum installed or operating temperature

where

Sy = specified minimum ultimate tensile strength = 1.5 S, (assumed), and

Sy = specified minimum yield strength as per para. 841.1.1(a)

T = temperature derating factor, obtained from para. 841.1.8 and Table 841.1.8-1
Note:

Young’s modulus of elasticity corresponding to the lowest operating temperature [=min(T,
through T, T, )] is used to form the stiffness matrix for Expansion load calculations.
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Stress due to Sustained, Thermal and Occasional Loads (Restrained Piping)

The Net longitudinal stress (S;) due to sustained, thermal expansion and occasional loads

for restrained piping is calculated from paras. 833.3 (a), 833.3 (b) along with paras. 805.2.3,

833.2 (a), 833.2 (¢), 833.2 (d), 833.2 (e) and 833.2 (f)

S, = max(|S, + Sy, + S|, |S, + Sx — Ss)
maX(|SP + 5y + S5 |’ |SP +5: —Sp Doccasional
max(lslearmest ’ |ST|coldest) < 0.98T

sustained

where

PD
Internal pressure stress =S, = 0.3 oY
n

Stress due to axial loading (other than thermal expansion and pressure) =S, = %, and may be

positive or negative
Nominal bending stress SB from Weight and / or other External loads for
For Pipes and 1.ong Radins Bends
_ \/(iiMi)z + (ioMo)z
Z

For other Fittings or Components.

Sp

J(0.75i;M)? + (0.75i,M,)? + (M,)?
B = 7
Thermal expansion stress = S¢ = Ea(T; — T,) , and may be positive or negative

Where

P = maximum operating pressure = max(P1 through P10)
D = nominal outside diameter

t, = nominal thickness

o~
o~

= in-plane stress intensification factor; the product 0.75]; shall not be less than 1.0
= out-of-plane stress intensification factor; the product 0.75i,shall not be less than 1.0

o~

in-plane bending moment

out-of-plane bending moment

o

torsional moment

o~

axial force component for external loads (other than thermal expansion and pressure)

corroded cross-sectional area (i.e., after deducting for corrosion)
uncorroded section modulus; for reduced outlets, effective section modulus
Specified Minimum Yield Strength (SMYS) from para. 841.1.1 (a)
Temperature derating factor from para. 841.1.8 and Table 841.1.8-1
Young’s modulus at ambient (reference) temperature

installation temperature = T, ;in CAEPIPE

warmest or coldest operating temperature

RNNmNLUNET T TS
I

coefficient of thermal expansion at T, defined above
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, /

Stress Intensification

Factor, i [Notes (1) and {2)]

Flexibility Flexibility
Factor, Out-plane, In-plane, Characteristic,
Description k iy i h Sketch
7
- L
Welding elhow or pipe bend 1.65 0.75 e TR, -+ )
[Motes (1)-(5)] h B I ry’
: o Rq = bend
radius
(".lr)f\nt',f.spncnd miter r_mnd [Notes 1.52 0.9 0.9 ot Ts
(20, (2), (3), and (5)] - — — -
s<r(l=tan #) h* e e r
Single miter bend or widely _
spaced miter bend 1,52 0.9 0.9 lscotoT
szrl-tzn i) oo o RE i n
[Notes (1), (2, and (5)]
1 h0_9 AREA 4.4 ==
[Motes (1), (2), and (6)]
Reinforced fabricated tee with 0.9
pad or saddle [Notes (1], {2}, 1 —_ VAR
GRE) e
Unreinforced fabricated tee . L0z AR, z
[Notes (1), (2), and ()] - ISE 74 to + 14 rs
Extruded outlet -
- L . f r
? < Og)_? - ;?_9 Tula + s ‘.1 N r_ﬂlr_r
[Notes [1), (2, and (6)]
Welded-in contour insert
o dy i -
KA 1 25 oot . 44t
c2 1.5 R i
[Motes (1), (2), and (10)]
Branch welded-on fitting (inte =
grally reinforced} [Motes 1), 1 Q Q 3.3 —T
I=E [SIE r

(20, 19), and (11]]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Flexibility Stress Intensification
Factar, Factar,
Description k i Sketch
Buttweld Motes (1) and {12)]
720237 in. 6.02 mr), ! Lo
B, = Vg 10 (1.59 mn),
and &,/ T=0.13
Buttweld [Motes (1) and (12)] -
- . . T ﬁ | T
720,237 1n. 16.02 mm, —
G = Yo 0. (3,18 mm), 1.9 max, or_ [5
and &, T = any value 1 [0.9 + 2.7 (A0 T)]

Buttweld [Motes (1) and {12)]

T=0.237 10 (6.02 mm),
S, = A in. (1,59 mm),
and d.,/T =033

but not less thar
1.0

Tapered transition per
ASME B16.25
[Note (1)]

1.% max. or

Dy s
1.3 +00036=+36=
T T

!

Concentric reducer per
ASME B16.9 [Notes (1] and
(13]]

2.0 max. or

0.5 + 0.01n |

Double-welded slip-on flange
[Hote (14)]

1.2

Socket welding flange or fit-
ting [Notes (14) ard (15)]

2.1 max or 2.1 T’,.-‘(', but
rot less than 1.3

Lap joint flange (with 1.6
ASME B16.9 lap joint stub)
[Mote {14)]

Threaded pipe joint or 1 23
threaded flange [Note (14)]

Corrugated straight pipe, or ) 2.5

corrugated or creased bend
[Hote {16)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, 7 (Cont’d)
100
80 Flexibility factor for
elbows, & = 1.65/h
60}— /J,./
Flexibility factor forb
10 miters, k = 152/ 16
\ A
30 \ \ /f
Stress intensification
: 20 factor, ¢ = 0.9/h 2
g x L~
5 15 <] ) P
c B Stress intensification
-g 2 & factor, / = 0.75/h /3
m
2 10
Z .0 L A
5 X BK /
£s N g
- D
E8 4 \
3 \< N N
4 \\\\ - -
3 i N
NN N
2 N, N
\ N
1.5 N N
\Q
4 E &k
0.02 0.03 0.04 0.06 0.10 0.15 0.2 0.3 04 06 0810 1.5
Characteristic, A
Chart A
1.00 7\7
s
- 075
o e
. g
§ -_-__,-d //
‘g o_sog’ N
e | \
=z " ~
O 0,375 / ™. \ =pl
375 /’— ~ 1 End flanged ¢1 =/ 76
/ ™ 2 Ends flanged ¢q = n'a
0.25

Chart B
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOT

(1)

i2)

(&)

(7)
(8
9

(10)
(11}

(12

13

4

115)
(16)

ES:
The nomenclature is as follows:
d = oulside diameter of branch, in. (mm}
R: = bend radius of welding elbow or pipe bend, in. [mm}
re =radius of curvature of external contoured portion of outlet, measured in the plane contairing the axes of the header and
branch, in. (mm}
ry =mean radius of matching pipe, in. {mm)
5 = miter spacing at centerline, in. (mm}
T =nomiral wall thickness of piping comporent, in. (mm}
= for elbows and miter bends, the rominal wall thickress of the fitting, in. (mm)
= for welding tees, the nomiral wall thickness of the matching pipe, in. (mm)
= for fabricated tees, the romiral wall thickress of the run or header (provided that if thickness is greater than that of matching
pipe, increased thickness must be mairtained for at least one run outside diameter to each side of the branch outside diame
ter}, in. (mm)
T. =the crotch thickness of tees, in. (mm)
t, = pad or saddle thickness, in. (mm)
o = reducer cone angle, deg
# =one-half angle between adjacert miter axes, deg
The flexibility factor, k. applies to bending in any plare. The flexibility factors, k ard stress intensification factors, f, shall not be less

than unity: factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines in the
sketches) for curved and miter bends and to the intersection point for tees.

The values of k and i can be read directly from Chart A by entering with the characteristic, b, computed from the formulas given.
Where flanges are attached 1o one or both ends, the values of k ard 7 shall be corrected by the factors, C,, which can be read
directly from Chart B, ertering with the computed h.

The designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they are
used. large errors may be introduced urless the effect of these greater thicknesses is considered.

I large diameter thin-wall elbows and bends, pressure can significantly affect the magnitudes of k and /. To correct values from the
table, divide k by

divide 7 by
where
E. cold modulus of elasticity, psi (M Pal

P = gage pressure, psi (MPa)
If the number of displacement cycles is less thar 200, the radius and thickness limits specitied need rot be met. When the radius
and thickness limits are not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensification fac-
tors shall be calculated as 112707 and (0.67/h77) + Y, respectively.
When t, > 1% use h = 4.05T/r..
The minimum value of the stress intensification facter shall be 1.2,
When the branch to run diameter ratio exceeds 0.5, hut is less than 1.0, and the number of design displacement cycles exceeds
200, the out-plane and in-plane stress intensification factars shall be calculated as 1.8/h”" and (0.67/h77) + ', respectively,
unless the trapsition weld between the brarch and run is blerded to a smooth concave contour. If the transition weld is blended to
a smoolh concave contour, the stress intensification factors i the table still apply.
If the number of displacement cycles is less than 700, the radius ard thickness limits specified need rot be met. When the radius
and thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress inten-
sification factors shall be calculated as 1.8/h"7 and (0.67/877%) « %, respectively.
The desigrer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.
The stress intensification factors apply to gith butt welds between two items for which the wall thicknesses are between 0.875T and
1.10T for an axial distarce of \ Dy T- Dy and Tare rominal outside diameter and nominal wall thickness, respectively. & is the
average mismatch or offset.
The equation applies only if the followirg corditions are met.
(@) Cone angle o does not exceed 60 deg, and the reducer is concentric,
(b) The larger of D,y /T and D,/T does rot exceed 100.
(¢) The wall thickness is rot less than Ty throughout the body of the reducer, except in and immediately adjacert to the cylindrical
portion or the small end, where the thickness shall rot be less than T’z.
For seme flanged joinls, leakage may occur at expansion stresses otherwise permitted herein. The mement to produce leakage of a
flanged joint with a gasket havirg no self-sealing characteristics can be estimated by the following equation:

My = (C/4) (Sp Ay = PAS)

A, = total area of flange bolts, in.” (mm?)

A, = area to outside of gasket contact, in.” (mm?)
C = bolt circle, in. (mm})

M, = moment to produce flange leakage, in.-lb (mm-N)
P = internal pressure, psi (MPa)

Sy = boll stress, psi (MPa)

Cy 15 the fillet weld length. For unequal lengths, use the smaller leg for C,.
Factors shown apply to bending. Flexihility factor for torsion equals 0.9,
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Allowable Pressure

For straight pipes and bends, the calculation of allowable pressure is based on Eq. 2 of para.
904.1 and 904.2.1.

p_ 25ECtn — A)

D

where
P = allowable pressure
SE = allowable hoop stress, given in Appendix I of B31.9 (2008) Code, where
E = longitudinal or spiral weld joint efficiency factor or casting quality factor
t,, = minimum required pipe thickness as per para. 904.1.1(a)

= t, X (1 — mill tolerance/100)
t, = nominal pipe thickness
A = corrosion allowance

(Any additional thickness required for threading, grooving, erosion, corrosion, etc., should be
included in “corrosion allowance” in CAEPIPE)

D = outside diameter

For closely and widely spaced miter bends, the allowable pressure shall be the lower positive
value calculated from Eqs. (3A) and (3B) of para. 904.2.2(a)

SET T

P== (T+0.64 tan e\/ﬁ) Eq. 3A)
SET R—r

P== (R—r/Z) Eq. OB)

where

r = mean radius of pipe = (D — t,)/2

T = t, — A, wheret,, and A are defined above

R = effective bend radius of the miter

0 = miter half angle

Sustained Stress (in uncorroded condition)

The longitudinal stress (S;) due to sustained loads (pressure, weight and other sustained
mechanical loads) is calculated as mentioned in para. 902.3.2(d)

PD, , 0.751M,

S1= 4t, Z =
where
P = maximum of CAEPIPE pressures P;, P, and P,
D, = outside diameter
t, = nominal wall thickness
[ = stress intensification factor. The product 0.75i shall not be less than 1.0.
M, = resultant bending moment due to weight and other sustained loads
Z = uncorroded section modulus; for reduced outlets, effective section modulus
Sp = hotallowable stress at maximum of CAEPIPE input temperatures T}, T, and T,
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Occasional Stress (in uncorroded condition)

The longitudinal stress (S;p)due to occasional loads is calculated as mentioned in
para.902.3.3 (a) as the sum of stresses due to pressure, live and dead loads and stress due to

occasional loads(Sy) such as earthquake or wind. Wind and earthquake are not considered
to occur concurrently.

Proar Dy 0.75iM, 0.75iMp
S =222 4 +
Lo 4t, Z Z

< 1.33S,

where
Mg
Pyear = peak pressure = (peak pressure factor) x P

resultant bending moment due to occasional loads

Expansion Stress (in uncorroded condition)

The stress (Sg) due to thermal expansion is calculated from para. 902.3.2(c), para. 919.2.1
and para. 914.4.1(b)

S % <S
E — 7 = A
where
M, = resultant moment due to thermal expansion
Sy = f(1.255; + 0.25S;,)
f = stress range reduction factor 6/N %2, where N being the total number of equivalent

reference displacement stress range cycles expected during the service life of the
piping. Also 0.15 < f < 1.0

S¢ = allowable stress at cold temperature, i.e. at minimum of CAEPIPE input
temperatures T,, T,, T; and T,

When Sy, is greater than S, the allowable stress range may be calculated as per para. 902.3.2

(d).
Sa = fI1.25(S¢ + Sp) — Si]

This is specified as an analysis option: “Use liberal allowable stresses”, in the CAEPIPE
menu Options>Analysis on the “Code” tab.

Note:

Refer to the topic towards the end of this appendix for the details of “Thickness” and the
“Section Modulus” used for weight, pressure and stress calculations.
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 5 of NC-
3641.1.

_ 2SEt,
- D-2Tt,
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property)
t,, = minimum required thickness, including mechanical and corrosion allowances
= t X (1 — mill tolerance/100) — cotrosion allowance
t = nominal pipe thickness
D = outside diameter
d = inside diameter
Y = pressure coefficient

= 04fort < D/6
= d/(D+d)fort<D/6

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from Equation 9 of NC-3652.

PD 0.75iM,

SL = E + 7 < Sh
where
P = maximum pressure
D = outside diameter
t = nominal wall thickness
[ = stress intensification factor. The product 0.75 shall not be less than 1.0
M, = resultant bending moment due to sustained loads = \/ M + Mg + M2
Z = section modulus, for reduced outlets, effective section modulus
Sy, = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained loads (§;) and stress due
to occasional loads (Sp) such as earthquake or wind from Equation 10 of NC-3652.2. Wind
and earthquake are not considered concurrently.

0.75iMp
SLO = SL + T < 125h
where
Mp = resultant moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 11 of NC-3652.3.

Sg = % <S§,
E= "7 =9
where
M = resultant moment due to thermal expansion
Sy = f(1.255. + 0.255y)
S, = allowable stress at cold temperature
f = stress range reduction factor from Table NC-3611.2(e)-1

The stress due to pressure, weight, other sustained loads and thermal expansion is calculated
from Equation 13 of NC-3652.2.

STE :SL+SESS}1 +SA
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NC-3000 — DESIGN

Fig. NC-3673.2(b)-1

Flexibility Flexibility Stress Intensi-
Description Charactaristic & Factor & fieation Factor/ Sketch
Welding elbow or LA 1.65 0.9
pipe bend [Notes [1), (2), (3)] rE h B

Closely spaced miter st cotd 162 08

bend [Notes (1), (2), (3] Tt ) T

s<r(t+tan®) 2r b &
Widely spaced miter .01+ cotd - 1.52 0.9

bend [Notes {1), (2}, {4)] -—Zr— b e E

5 =r(1+tan8)
Welding tee per 441, ] 08 0 | NS

ANSI B16.9 [Notes (1), (2)] r B .?

H
(r,, . Es) 12 . r Tfn

Reinforced fabricated 2 3 08 i ﬁ

tee [Notes (1), 12}, (6)) rlt )" Hi 7

L F xR
Pad ; Saddle
: 0 r ) t

Unreinfarced fabricated i 1 L9

tee [Notes (1], {2}] r Hh Y I

FI1G. NC-3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (D, /#, = 100)
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Fig. NC-3673.2(b)-1

SECTION IiI, DIVISION 1 — SUBSECTION NC

bend |Note (8)]

Flexibility Strass tntensificatian
Description Factor k Factor 7 Sketch
For checking branch end’
Z=airalT,
. AN N
= 1s() () )
( T R,,,] r. [.r,,.
Branch cannection {Note [5]] 1 Far checking run ends Fig. NC-3673.2(h}-2
Z = m R, )3T,
A\ or
=04(=2) [=
! (T) (R,,,)
but not less than 1.5
Butt weld [Note {1}]
t. > g and lﬁs 0.1 1 0
B sl [N(;;e a 1 1.0 for flush weld
t, = Yy 00 r_> 041 1.8 for as-welded
Fillet welded joint, socket Fig. NC-3673.2(b)-3
waelded flange, or single 1 21 sketches (a), {b}, {cl,
welded slip-on flange (e}, and {f}
Brazed joint 1 21 Fig. NC-4511-7
Full fillet weld 1 1.3 Fig. NC-3673.2(b)-3 sketch (d)
30 deg. max
. 1.9 max, or \ *
30 deg. tapered transition \ ;
; 1 1 =
ANSLE S22} Note 1 13+ 000362 4 36 2 :
I t, Yy |
0,
. _¥
t
2.0 max. or o
Concentric reducer [Note (71] .
ANS| B16.9 or (D
¢ ! D‘5+D.01a[—2) — TD
M55 EP48) i 5 2
L A
Threaded pipe joint
or threaded flange 1 &g
Corrugated straight pipe
or corrugated or creased [} 25

{See notes on next page)

FIG, NC-3673.2(h)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (D, /t, = 100) {CONT'D)
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NC-3000 — DESIGN Fig. NC-3673.2(b)-1

NOTES TO FIG. NC-3573.2(b)-1:
{1} The following nomenclature applies.
r = mean radius of pipe, in. [matching pipe for tees and e!bows}
t, = nominal wall thickness of pipe, in. [matching pipe for tees and elbows, ses Note (9)]
R = bend radius of elbow or pipe bend, in.
f = one-half angle between adjacent miter axes
5 = miter spacing at center line, in.
t, = reinforced thickness, in.
§ = mismatch, in.

D, = outside diameter, in.

(2) The flexibility factors & and stress intensification factors / apply to bending in any piane for fittings and shall in no case be
taken less than unity. Both factors apply over the effective arc length {shown by heavy center lines in the sketches) for curved
and miter elbows, and to the intersection point for tees. The values of k and 7 can be read directly by entering with the
characteristic # computed from the equations given.

{3) Where flanges are attached to one or both ends, the values of ¥ and ¢ shall be correctad by the factor ¢ given below, which
can be read directly from Fig. NC-3673.2({h)-5, entering with the computed A.

{a} One end flanged, ¢ = A’ :

(b} Both ends flanged, ¢ = A

{4} Also includes single miter joints.

{5} When t, > 1.5t,, h= 4.05¢,/r

(6) The equation applies only if the following conditicns are met:

{a} The reinforcement area requirements of NC-3643 are met.

{b} The axis of the branch pipe is normal to the surface of run pipe wall.

(c) Forbranch connections in a pipe, the arc distance measured between the centers of adjacent branches along tha surface
of the run pipe is not less than three times the sum of their inside radii in the |ongitudinal direction or is not less than
two times the sum of their radii along the circumference of the run pipa.

(d} The inside corner radius r, [Fig. NC-3673.2(b}-2] is between 10% and 50% of T,.

(e) The outer radius r; is not less than the larger of 7,/2, {7, + Y}/2 {Fig. NC-3673-2(b}-2 sketch (¢)] or T, /2.

{f) The outer radius r, is not less than the larger of
(1) 0.002¢ 4,

{2} 2 {sin 6 times the offset for the configurations shown in Figs, NC-3673.2{b}-2 sketches {a) and (b}.

(gl A, T, =50 and r',, iR, = 0.5.

{7) The equation applies only if the following conditions are met:

{a) Cone angle « does not exceed 60 dag., and the reducer is concentric.

(b) The larger of D,{¢, and 0,jt, dees not exceed 100.

{e) The wall thickness is not less than ¢, throughout the body of the reducer, except in and immediately adjacent to the
cylindrical partion on the small end, where the thickness shall not be less than ¢,

{8} Factors shown apply to bending; flexibility factor for torsion equals 0.9.

{9) The designer is cautioned that cast butt welding elbows may have considerably heavier walls than that of the pipe with which
they are used. Large errors may be introduced unless the effect of these greater thicknesses is considered.

f
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ASME Section lll, Class 2 NC (1986)

Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 5 of NC-
3641.1.

_ 2SEt,
- D-2Yt,
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property)
t,, = minimum required thickness, including mechanical and corrosion allowance
= t X(1 — mill tolerance/100) — corrosion allowance
t = nominal pipe thickness
D = outside diameter
d = inside diameter
Y = pressure coefficient

= 04fort <D/6
= d/(D+d)fort > D/6

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from Equation 8 of NC-3652.

PD M,
S, =Bl + B2 < 155,

2t
where
B1, B2 = primary stress indices from NB-3680
P = maximum pressure
D = outside diameter
t = nominal wall thickness
My = resultant bending moment due to sustained loads = \/ MZ + MZ + M2
Z = section modulus, for reduced outlets, effective section modulus
Sy = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained loads (S;) and stress due
to occasional loads (Sp) such as earthquake or wind from Equation 9 of NC-3653.1. Wind
and earthquake are not considered concurrently.

Mg
SLO = SL + 327 S 185h

where
Mp = resultant moment due to occasional loads
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ASME Section Ill, Class 2 NC (1986)

Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 10 of NC-3653.2.

Sg = % <S§
E= "7 =9
where
[ = stress intensification factor
M, = resultant moment due to thermal expansion
Sy = f(1.255, + 0.25S;)
S. = allowable stress at cold temperature

f = stress range reduction factor from Table NC-3611.2(e)-1

The stress due to pressure, weight, other sustained loads and thermal expansion is calculated
from Equation 11 of NC-3653.2(c).

o _PD O7SIM; iMoo
TE_4t 7 7 = h A

0.757 shall not be less than 1.0.
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ASME Section Ill, Class 2 NC (1986)

1986 Edition NC-3000 — DESIGN Fig. NC-3673.2(b)-1
Flexibility Flexibitity Stress Intensi.
Dascription Characteristic Factor & fication Factor / Sketch
R
Welding stbow or t,A 1.85 [X] : —*-
pipe bend [Naotes (1), (2), {3)] r2 h s ?
Closely spaced miter si coi 1.52 0.9 £ r
bend [Notes (1}, {2), (3)] e o ot T "
s<r{l+tan8)
S cotd
2
) * i
Widely spacad miter (1 + cot 8) 162 03 2 d T,ﬂ
bend [Notes (1}, {2), (41 e hoe i T
sxr(l+tan o)
Rim r{l + cot g}
2
Welding tea per 441, ; 0.3 l 5 ‘ " Ta,
ANSI B16.9 [Notes (1), (2)] r #h W ‘T
5
i (t,, +t—') : 1] 4 Tr,.
Reinforced fabricated 2 1 og j-*
tae [Notes {1), (5), (10)) rie ) hh _*_
[} 2
Pad | Saddie
- . X,
Unreinforced fabricated i 1 0.9
tea [Notes (1), {10)] r wh

FIG. NC-3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (D, /¢, = 100)
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ASME Section Ill, Class 2 NC (1986)

Fig. NC-3673.2(b)-1

SECTION 111, DIVISION 1 — SUBSECTION NC

1986 Edition

bend [Note {B}]

Flexibility Stress Intensification
Deacription Factor & Factor i Sketch
For checking branch end
Z=alr'n® T,y
) RN fr N TN (P
! 1'5(7,) (R,,,) (r,)(r,)
Branch connection [Mote (6)] 1 For checking run ands Fig. NC-3673.2{b)-2
Z=mlR )T,
= 0.4 (B} (Zn
Ll ( r,) (A,,,)
but not less than 1.5
Girth butt weld [Note (1)) 1 1.0
t, = 0.237 in.
1.9 max. or
Girth butt weld [Note (1)] 1 0.901 + 38/t.)
t, < 0.237 in. but not less than 1.0 .
i ial i Fig. NC-4427-1
C';?::,Li';n:::;m:::: - 1 2AIC, L) Sketches fc-1), c-2),
less than 1.3
[Note (131] but not less than and (c-3)
Brazed joint 1 21 Fig. NC-4511-1
1.9 max. or
30 deg. taperad transition
(ANSI B16.25) [Nota (1)) 1 13 + 0.0036 % . 3.6;
i
2.0 max. or I
Concentric and eccentric y n
reducers [Nota (7)] 1 05 + 0.0V (9_,) : T a
(ANSI B16.9) t _‘
0. o,
Threaded pipe joint : 55
of threaded flange ’
Corrugated straight pipe
or carrugated or creased ) 2.5

{Ses notes on next page}

FIG. NC-3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (D, /¢, = 100) (CONT'D)
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ASME Section Ill, Class 2 NC (1986)

1986 Editian NC-3000 — DESIGNM Fig, NC-3673.1b)-1

FIG. NC-3673.2(b}-1 (CONT'D):
NOTES:

{1} The following nomenclature applies:

r = maan radiug of pipe, in. {matching pipe for tess and albows)

t, = nominal wall thickness of pipe. in. [matching pipe for teas and elbows, sea Note {91}

A = bend radius of elbow ar pipa bend, in.

¢ = one-half angle between adjacent miter axes, dag.

& = miter spacing at centar lina, in.

1, = reinforced thickness, in.

§ = average permissible mismatch at girth butt walds as shown in Fig. NG-4233-1. A velue of & less than %, in. may
be used provided the smaller mismatch is specitied for fabrication, Far “flush” we!ds, as defined in Fig. NB-
3883.1(c}1, & may be taken as zero, / = 1.0, and flush welds need not be ground.

0, = putside diameler, in.

{2) The flexibility factors k and stress intensification factors i apply to bending in any plana for fittings 2nd shall in no
case be taken less than unity, Both factors epply over the effective arc langth {shown by heavy center lines in the
skerches) for curved and mitar #ibows, and to the intersection point for tees. The values of k end / can ba read girectly
by entering with the characteristic h computad from the rquations given,

{3} Whare flanpaes are attached to one or both gnds, the values of k and i shall be corrected by the factor ¢ given below,
which zan be read directly fILum Fig. NC-3673.2{b}-5, entaring with the computed h.

{a) One end flanged, ¢ = h

(b) Both ends flanged, ¢ = b

{4] Also includes single mitar joints,

{B) When t, > 1.5¢, h = 4.05¢./r

(€] The equaticn applies only if tha following conditions are met,

{a}y Tha reinfarcement area requirements af NC-3643 are met.

() The axis of the branch pipe is normal to the surface of run pipe wall,

(e} For branch connectians in a pipse, the arc distance measured batwaen the centers of adjacent branches along the
surface of tha run pipe is not less than threa times the sum of thelr Insids radii in tha longitudinal direstion or not
lass than two times the sum of their inside radii along the circumference of the run pips.

(d) The inside corner radius r, [Fig. NC-3873.2{b}2] for nomlnal branth pipe size greatar than 4 in. shall be between
10% and 50% T.. The radius r, i3 not required for nominal branch pipe size smailer than 4 in.

(e} The outer radius r; ie not less than the larger of 7,/ 2, (T, + Y1/2 [Fig. NC-3673-2{b}2 sketch (c}] or 7.7 2.

{f) The outer radius ry is not lass than the targer of
{1) 0.002¢ d,

{2) 2 {sin #)" times the offzet for the configurations shown in Fig. NC-23673.2(b}2 sketches (a) and [b).

{g) R./T, c 80 and r' /A < QB5.

{h) Tha cuter radius r, Is not required provided an addittonal multiplier of 2.0 is included in the sgquations fer branch
end and run end siress intensification factors. In this case, the calculatad valua of i for the branch or run shall not
ba |ess than 2.1.

(7) The equation applies onby if the following conditions are met.

(8} Cone angle o does not exceed 50 deg.

(b) Tha lerger of D, /1, and D;/¢; does not excesd 100,

{c) The wall thickness is not less than t, throughout the body of the reducer, except in and immediately adjacent to
the cylindrical portion on the small end, wheve the thickness shall not be less than ¢;.

{d) For eccentric reducars, « is the maximum cons angle.

{B) Factors shown apply to bending: flexbility factor for torsion equals 0.9.

{9) Tha designer is cautioned that cast butt welding elbows may heve considerably heavinr walls than that of the pipe
with which they are used. Large errors may be introduced unless the effect of these greater thicknesses is considered.

{1Q) Tha stress intensification factor f shall in ho case be taken as less than 2.1.
{11) C, is tha fillat weld length. Far unequal lag lengths, use the smaller lag langth for C,.
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ASME Section lll, Class 2 NC (1992)

Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 5 of NC-
3641.1.

_ 2SEt,
- D-2Yt,
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property)
t,, = minimum required thickness, including mechanical and corrosion allowance
= t X(1 — mill tolerance/100) — corrosion allowance
t = nominal pipe thickness
D = outside diameter
d = inside diameter
Y = pressure coefficient

= 04fort <D/6
= d/(D+d)fort > D/6

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from Equation 8 of NC-3652.

PD M,
S, =Bl + B2 < 155,

2t
where
B1, B2 = primary stress indices from NB-3680
P = maximum pressure
D = outside diameter
t = nominal wall thickness
My = resultant bending moment due to sustained loads = \/ MZ + MZ + M2
Z = section modulus, for reduced outlets, effective section modulus
Sy = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained loads (S;) and stress due
to occasional loads (Sp) such as earthquake or wind from Equation 9 of NC-3653.1. Wind
and earthquake are not considered concurrently.

Mg
SLO = SL + 327 S 185h

where
Mg = resultant moment due to occasional loads
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ASME Section Ill, Class 2 NC (1992)

Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 10 of NC-3653.2.

Sg = % <S§
E= "7 =9
where
[ = stress intensification factor
M, = resultant moment due to thermal expansion
Sy = f(1.255, + 0.25S;)
S. = allowable stress at cold temperature

f = stress range reduction factor from Table NC-3611.2(e)-1

The stress due to pressure, weight, other sustained loads and thermal expansion is calculated
from Equation 11 of NC-3653.2(c).

o _PD O7SIM; iMoo
TE_4t 7 7 = h A

0.757 shall not be less than 1.0.
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ASME Section Ill, Class 2 NC (1992)

Fig. NC-3673.2(b)-1

1992 SECTION III, DIVISION | — NC

Flaxibility Flexibility Stress Intensi-
Description Charactaristic Factor k fication Factor / Sketch
1 I
Wolding eibow or A 1865 L SO .._r_—t
pipe bend [Nates {1), 2). 3)) ra A 4
; o Y
N . ]
Ciosaly spaced miter 5t cot 8 1.62 0.9 L L
bend (Natas (1), (2), (3] i o n' ? [N
5 <ri{l + tan 8}
S cot#
==L
2
N 8 1
: F 9 r
Widely spaced miter {1 + cot 8} 1.52 0.9 a
bend [Notes {t. (2), (4]] T w ™ hh T
g 2¢{1+ tan 8}
A= r(1 + cotd)
2
Welding tee per 441 1 LR o — . -ﬁ"
ANSI 316.9 [Notes (1}, (2)] r h'ts T
sj- r
| (arf)” o ¥
Reinforced fabricsted 2 i 038 _ﬂ
tee [Notes {1, {5, {101 i ' -*-
LT
Pad ' Saddie
- K,
Unreinforced fabricetod s i a4
tee iNotes (1), (10]) r ht

FIG. NC-3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (Dy/t,= 100
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ASME Section Ill, Class 2 NC (1992)

Fig. NC-3673.2(b)-1 SECTION 111, DIVISION 1 — SUBSECTION NC 1986 Edition
Flexibility Stress Intensification
Description Factor k Factor / Sketch
For checking branch end
Z=m(r,P T,
. RN fr N (TN (1,
! "s(r,) (R,,) (r,)(r,)
Branch connection [Note (6)] 1 For checking run ends Fig. NC-3673.2(b)-2
Z=ulR,)T,
0.4 (f=)" (C=
i=o04 ( r,) (R,,)
but not less than 1.5
Girth butt weld [Note (1)) 1 1.0
t, > 0.237 in.
1.9 max. or
Girth butt weld [Note (1)] 1 0.9(1 + 35/t,)
t, < 0.237 in. but not less than 1.0 .
Circumferential fillet welded 211G, 1t,) FiuékNCMZ‘;'-i
or socket welded joints 1 e etches (c-1), {c-2),
(Note (1)) but not less than 1.3 and (c-3)
Brazed joint 1 21 Fig. NC-4511-1
1.9 max. or
30 deg. tapered transition
{ANSI B16.25) [Note {1)] 1 1.3 + 0.0036 o, +38 8
2,0 max. or " |
Concentric and eccentric , t
reducers [Note (7)) 1 0.5+ 0.01a (&) 12 'f' o
{ANSI B16.9) t T
D, D,
Threaded pipe joint .
or threaded flange 23
Corrugated straight pipe
or corrugated or creased 5 2.5

bend [Note {8)]

(See notes on next page}

FIG. NC-3673.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (D,/t, =< 100) (CONT'D)
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ASME Section Ill, Class 2 NC (1992)

Fig. NC-371.2{h}-1 1992 SECTION {Il, DIVIZION | — NC

NOTES: 5

{1} Tha following namenciatura appliea: '

r = imedn radius 41 plgd, o (matehing plpe for teee and slbowe}
¢, = nominal wail thicknass of pipa, in, [malching pipae for taes and elbows, see Note (3]

A~ bend radive of alt-ow ar pipa bend, in.

¥ = one-hilf engis belween adiagcent miter anas, deg.

5 = miter Epacing At cenler [ing, in.

f, = rainforcad thicknasd, if.
[, = putside diamatar, in.

(21 The flexibilty factom & and slrass tensificetion factors § apply to bending in eny plang for fittinpa and shall in no
cage ba taken lass than unity. Bath factors agply over 1he effective arc length [shown by Reavy center linae in tha
sketchas) for curved and mitar glbows, and 0 the Interascthon point for tees,

{3} Wharg fanges are atachad te one o both endz, the values of k and | shall be comectad by the factor ¢ given balow.

fal Ong gnd fanged, ¢ = k™
tb} Both ands fianged, & = b

{4} Also includes singla rmiter joinds,

{E} Whan t, > | Ef. h = 4051L./r

{B} The equalion apphes only if tha fellowing condilions arm medt,

{8} The rginforcemant arca raquirements of NC-3843 ars met.

by The axis of the branch pipe |3 normal bo tha surface of run pips wall,

{c} Fo¢ branch Sonnections in 4 pipe, the arc distance messurad batwesn the centers of adjacant branches mlong the
murfage ol thi Tun pipe & not less then thras Gmes the surm of thalr insida madil in the longitudinal diraction or not
logs Then bwo times 1he gum of their Intide radii plong the circundarence of the run pipe.

{d} The Insida corner radws r, (Fig. NC-3673 2iby-21 for naminal branch pipe Size grealer than 4 0. ahal| be betwesn
10% and 50% T.. Tha radlug ry is nat required for nomined branch pipa #lee smeller than 4 in.

ti] The Outwr radius £; i Aot 1gas than the lerger of T/ 2, (T, + ¥1/2 [Fig. NC-3E7 22002 skeleh (=] er T.F2.

) Tha outer fadiug ry i8 not (665 than the largar of
{4 Q0028 o,

{7} 2 isin &F Limes the offset Tor the canfigucalions shown in Fig. NC-3673.2/h)-2 sketchas jat and (bh

ol AT < EQand r, /A, 5 0.6

{k} The puter radius ry J& Mot required previded an sdditignal mukipllar of 2.0 is included inn e agur tions for branch
and BRd run Bnd Hress [nersificetion actors. In Inis case, tha calculaled valua of § for the branch or ruh shall not
be losd Ihan 2. 1.

(7] Tha aguatidn @pplied only if the fallowlng conditions ara met,

{a] Cona mngle a doas nat excasd 60 dag.

(b Tha larger of &, /1, and 0o/t doeas no1 saceed 100,

() Tha wall thickness is not |93 than +, throughout the body of the reducer, sxsepr in and immadistaly adjgcent 10
e cylindrical portion on th gmell end, whare the thickness shell not be lass thah #;.

(d} For sccendirls reducars, o i1 the maximom cone Bngla.

(8] Factors shawn apply to bending; flaxibitmy factor for inmion aquels 0.8,
(9] The deslgner is cautiorad That cast butt welding elbows may have considersbly hiavier walla than that of the plpa
wilh which Whoy ara used, Large errary mey ba introduced unless tha effacl of theds greater thicknesass iz contidered,
(13 Thi aerags intensification facter f ghall in no case be fdhen @3 e tham 2._1. .
[11] in Fig. NC-&427-1jc-1] and je-2, C, shalf ba taken & X, and €, = 1.25 1. In Fig. NC-4423-1 (¢-3), &, > 0.75 1, For
unequat Ieg lengihe usa the smaller leg length for C.. :

FIG. NC-3473.2(b)-1 FLEXIBILITY AND STRESS INTENSIFICATION FACTORS {Dg/t,= 100) (CONT'D]
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BS 806 (1986)

Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from 4.2(4).

p= 2 f e tf
D — 2t
where
P = allowable pressure
f = allowable stress
e = joint factor (input as material property)
tr = minimum required thickness, including mechanical and corrosion allowances

= nominal pipe thickness X (1 — mill tolerance/100) — corrosion allowance
D = outside diameter

P = fe
X(1+ 0.6427 tan aVX)
where
a = miter angle
X = (D-2t)/2t
Stresses

Stresses are calculated according to 4.11.

Sustained stresses are due to pressure, weight and other sustained mechanical loads.
Maximum value is 0.8 X proof stress value or rupture stress value in hot condition.

Expansion stresses are due to thermal (including specified displacements) and pressure
loadings. Maximum value is lower of

1) 0.9 X proof stress at room temperature plus 0.9 X proof stress at design temperature.
2) 0.9 x proof stress at room temperature plus rupture stress at design temperature.

Hot stresses are due to pressure, deadweight, other sustained mechanical loads, thermal and
cold pull loadings. Maximum value is the rupture stress at design temperature.

Occasional stresses (which are due to seismic, dynamic or wind loadings) are not calculated.
If these are to be evaluated, ASME B31.1 code should be used according to Inquiry Case
806/2 : November 1986 to BS 806 : 1986.
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BS 806 (1986)

Stresses on Straight Pipes and Bends (4.11.4)

The combined stress fc on straight pipes and bends including miter bends is calculated from
(28).

Fo = F* + 4f¢
where
F = greater of fr or f
fr = transverse stress (4.11.4.2)

= transverse pressure stress + transverse bending stress
f. = longitudinal stress (4.11.4.3)

= longitudinal pressure stress + longitudinal bending stress
fs = torsional stress (4.11.4.4)

Transverse Stress fr (4.11.4.2)

The transverse pressure stress on both straight pipes and bends excluding miter
bends is calculated from (29).

pd
o + 0.5p

The transverse pressure stress on miter bends is calculated from (30)

(pd+05) 1+ 0.6427¢t d+t
5p T 0-5p . ana |—-

The transverse bending stress on straight pipe is zero.

The transverse bending stress on bends including miter bends is calculated from (31)

r 2 2
7 (M;Fr;)* + (M, Fr,)

where

d = inside diameter

t = thickness

p = pressure

M; = in-plane bending moment

M, = out-of-plane bending moment

Fr; = in-plane transverse stress intensification factor
Fr, = out-of-plane transverse stress intensification factor
r = mean radius of pipe

I = moment of inertia

D = outside diameter

Q@ = miter angle
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BS 806 (1986)

Longitudinal Stress f; (4.11.4.3)

The longitudinal pressure stress on both straight pipes and bends including miter bends is
calculated form (32)

pd?
4t(d +t)

The longitudinal bending stress on straight pipe is calculated from (33).

d+ 2t 2 2
ST M+ M

The longitudinal bending stress on bends including miter bends is calculated from (34).

r
7\/(MiFLi)2 + (M,Fy,)?

where
F;; = in-plane longitudinal stress intensification factor
F;, = out-of-plane longitudinal stress intensification factor

Torsional Stressfs (4.11.4.4)

The torsional stress for both straight pipes and bends including miter bends is
calculated from (35).

d+2t
4]

fs = M,

where
M, = torsional moment

Stress at Branch Junction (4.11.5)

The combined stress at a branch junction is calculated from (306)

fep = fE + 4153

where
fg = transverse pressure stress at the junction plus nondirectional bending stress
fsp = torsional stress at the junction
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BS 806 (1986)

Transverse Pressure Stress at Branch Junction (4.11.5.2)

The transverse pressure stress at branch junction is calculated from (37)

dy +t,
pm ( 2t, )
where
d; = mean radius of main pipe
t, = minimum thickness of main pipe
p = design pressure
m = stress multiplier, or equal to:

(a) for branch junctions where both t2/r1 and 2/t1 ate less than or equal to 0.3

m= 1.8+2'8—r2\/E
1 t1

(b) for branch junctions where either r2/r1 and t2/t1 are greater than 0.3

m =2.5202%2 for d, /dy < 0.7
m = 2.5202415 for dy/dy > 0.7
Z = (n/t2)’ty /1y

n = mean radius of main pipe

1) = mean radius of branch pipe
ty = thickness of main pipe

ty = thickness of branch pipe

Nondirectional Bending Stress at Branch Junction (4.11.5.3)

For the main pipe, the bending stress is calculated from (40)

r,—lJ (M;B)? + (M,B,)?

where

1 = mean radius of pipe

I = moment of inertia of main pipe

M; = in-plane bending moment

M, = out-of-plane bending moment

B; = in-plane branch stress intensification factor (Fig.4.11.1(6))

B, = out-of-plane branch stress intensification factor (Fig.4.11.1(6))

For the branch pipe, the bending stress is calculated from

2 B+ (M,5,)

where
T, = mean radius of branch pipe
I = calculated from 7735 B, t, or mrst; whichever gives the lower value
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EN-13480 (2012)

Allowable Pressure

The allowable pressure for straight pipes is calculated from equation 6.1-1 or 6.1-3
depending on the ratio between inner and outer diameter.

For D,/D; < 1.7

2fze
P = !
D,—e
For D,/D; > 1.7
(1-a%)
P=fz——~
s
where
P = allowable pressure
f = allowable stress
Z = joint factor (input as material property in CAEPIPE)
e = nominal pipe thickness X (1 — mill tolerance %/100 — corrosion allowance)“c”

(Any additional thickness required for threading, grooving, erosion, corrosion, etc. should be
included in corrosion allowance in CAEPIPE)

D, = outer diameter
D; = inner diameter
2e
a =1——
Do

For pipe bends the maximum allowable pressure is calculated using the equivalent pipe wall thickness

eequi—
e
Cequi =t_
where
N (R/D—O.ZS)
7 \R/D-050
R = radius on bend

For closely spaced miter bends, the allowable pressure is calculated from equations 6.3.4-1
and 60.3.4-2.

fze? fze(Ry — 1)
(e +0.643 tan 8 vre) r(Rs —1/2)

P =min

] with 6 < 22.5

For widely spaced miter bends, the allowable pressure is calculated from equations 6.3.4-1,
6.3.4-2 and 6.3.5-1

fze? fze(Ry — 1)
r(e +0.643 tan 8 re) r(Rs —1/2)

p = fze?
B r(e + 1.25tan 6 Vre)
498
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where
r = mean radius of pipe = (D —t)/2
Rg = effective bend radius of the miter

0 = miter half angle
Sustained Stress

The stress (01) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from equation (12.3.2-1)

PD, 0.75iM,

01 = 4en + 7 < h
where
P = maximum of CAEPIPE input pressures P1, P2 and P3
D, = outside diameter
e, = nominal pipe wall thickness
I = stress intensification factor. The product 0.751, shall not be less than 1.0
M, = resulting bending moment due to sustained loads
Z = uncorroded section modulus; for reduced outlets / branch connections, effective
section modulus
fn = hotallowable stress

Sustained plus Occasional Stress

The stress (0;) due to sustained and occasional loads is calculated from equation (12.3.3-1)
as the sum of stress due to sustained loads such as due to pressure, weight and other
sustained mechanical loads and stress due to occasional loads such as earthquake or wind.
Wind and earthquake are not considered concurrently

PD, 0.75iM, 0.75iMg

Oy = 4en + 7 + 7 < kfh
where
Mp = resultant bending moment due to occasional load
Z = 1.2 1if the occasional load is acting less than 1% in any 24 hour operating period. In
CAEPIPE
k = 1.2; user can change this input in Layout window > Options > Analysis > Code >
EN13480.

Expansion Stress

The stress (03) due to thermal expansion is calculated from equation (12.3.4-1)

_ M, <
03 = 7 = f a
where
M = resultant moment due to thermal expansion and alternating loads
Z = uncorroded section modulus; for reduced outlets / branch connections, effective

section modulus

E
f, = U(L.25f; + 0.25f,) +E—h

c
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U = cyclic stress range reduction factor taken from table 12.1.3-1
fn = allowable stress at hot temperature

E. = elastic modulus at cold temperature

Ep, = elastic modulus at hot temperature

If the above condition in equation (12.3.4-1) is not met, equation (12.3.4-2) may be used.

PD, 0.75iM, iM
+

C
<
4e, 7 ' Z < fu+ Ja

Oy =

Additional Conditions for the Creep Range

For piping operating within the creep range, the stress, (05) , due to sustained, thermal and
alternating loadings shall satisfy the equation (12.3.5-1) below.
PD, 0.75iM, 0.75iM,
+ + < fer
4e Z Z

05 =

where
for = allowable creep stress value
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Table H.1 — Flexibility characteristics, flexibility and stress intensification factors and section moduli

for general cases

N° Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification modulus
h kg? factori V4
1 straight pipe mc 1 1 1
A B
A=
i 4 4
2 plain bend 1 - 4R§n 165 0293 oo 7 dg —dj
© dn h h®/ 32 d,
3 | Closely spaced N 4Re, 152 09 .
i I / c
mitre bend dr%] h5/6 h2/3
I<r(1+tan6) 9
° with
(=2 Rtan#)
Icot@
R —
2

(to be continued)
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Table H.1 (continued)

N° Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification modulus
h kg ? factor i Zz
4 b&"ir::‘gle m_i(l!reI ® n, 4Re,, 152 09
end or widely > =73
spaced mitre /\ dm hS/6 h 3
bend \ 1 )
= _; with
12r(1+tané)
N dem(l+cot9
4
R
5 [forged welded-in| - Shape conditions : 1 1/2
reducer L — 05+ [ d_o
o) =g 100 | e,
w en 2 do/100 max. 2,0
e >eq (ain deg.)®
T
6 |tee with welded- d,, 2e, 1 09 Header :
on, welded-in or = e 2/3 e
extruded nozzle e, I @ m h m di-d
32 d,
o O oo AP 1| LIS e
o o
7 as above, diz \5/2 1 Nozzle
however, with F 2len + 056p) : 02—;% be V4 -
additional |l g d. g2 h “dte
: - € b L m€n nbSx
reinforcing ring : | ) 4
with ep| < en
1
with ex as
8 |forged welded-in 8,8en, 1 09 smaller value
tee with e and e —m P9 of
d. 2/3
én b as i h
n.b exq1 =epand
connecting wall ‘
thickness ex2=ienp
resp.
9 butt weld en < 5mm 1 1,0f
E / and 6<0,1ep '
G en < 5mm and 1 18f
8>01epn |
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N* Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification factor modulus
h kB i z
4 Single mitre ? = 4Rey, 152 09
. & .
bend orW@Ier \ dr% p3/8 h2/8
spaced mitre
bend \
X 1+ T’EI with
[zr(1 +tang) N
N dem(l+c0t6’)
4
R
5 |forged welded-in| - Shape conditions : 1 d 12
reducer = 05+ Q[OJ
Q‘/ J o< B0° 100 \ e,
& « max. 2,0
én = do” 00
o[ (ain deg.)
- o eo = eq
6 |tee with welded- g,y 2en i 09 Header :
on, wslciied-ln <|3r | : den K23
extruded nozzle B i ! Ea a8 ot
. - 32 d,
w| T T o
7 as above,. d.p 2(9n +05ep )5/2 1 09 Nozzle
however, with m' - h2/3 T 2
additional . | i, A 4 Tmp Ex
reinforcing ring | _ ;l with épl < én
S| +—FTLH=
I
8 |forged welded-in 8,8e, 1 09 with ey as
tee with en and dr 203 smaller value
€n,b as of
connecting wall
thickness éx1 = ep and
ex2=iéenb
resp.
9 butt weld én<5mm i 1,0
/ ol e and §<0,1ep
— R~
b en <5mmand
1 1,8

5>0,1%
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Table H.1 (concluded)

N° Designation Sketch Flexibility Flexibility Stress Section
characteristic factor intensification modulus
h kg @ factor i V4
10 N ) a< 30° 1‘3; x dt-d
] p<15° 00036—2+ |32 d,
wall thickness | @ B (without ®n
transitions circumferential weld 1 3.6 o
w at transitions &= 0) e
"
max 1,9 f
11 concave shape with smaller value
continuous of
transition to pipe
& 4 4
fillet welds at v 1 1.3 o dy -4
set-in e 32 d
connections B 9
and
12
d idga
4
1 21
©

The flexibility factor kB applies to bending in all planes. The factor related to torsion is equal to 1 in all cases.

The factors kg and i apply over the whole effective length of the elbows and bends and at the intersection of the axes in

case of lees and nozzles.
If these components are fitted with :
- flange at one extremity, kg and i are multiplied by ht'e;

- flange at each of the extremities, kg and i are multiplied by B,

The wall thickness of the reducer is not less than ¢, except in the vicinity of the small end where however the thickness is

not less than ¢, .

Other values may be used subject to justification.

The factor applies if the fabrication tolerances are met. Otherwise the determination of the factors is the responsibility of
the designer.

The factors only apply to nozzles with convergent axes.
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Table H.3 — Flexibility characteristics and stress intensification factors for out-of-plane and in-plane bendin

Component Out-of-plane In-plane Flexibility Sketch
description io i characteristic
@
Welding elbow or pipe 0,75 09 exR
bend h2,."3 abc ."!2"13 abc r?
Closely spaced mitre
bend 09 09 coté e,l
I<r(1+tan6) h2,|"3 abe h2;3 abe 2 g2
(I=2 Rtan#)
Single mitre bend or
widely spaced mitre 09 09 € ((1+cotd
bend h2,i’3 abc .\‘12‘;3 abc r 2
lzr(1+tang
Forged tee to be
welded, designed with .
a bUrSt pressure 0.9 0,75-‘0 + 0.25 4.48,-,
greater than or equal 23 L. tgl aefgi r
o the burst pressure
of the connected pipes
, , 9 ‘ (e, +05e, )*/2 1
Reinforced fabricated 0, 075i, +025 | (en +05e;) S N i
tee with pad or saddle h2,’3 adah adei r ena,’z | IJF ol
@
Unreinforced 09 075/, + 0,25 e,
fabricated tee MR adei adel r - _i'_ <l

(to be continued)
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Takle H.3 {concluded)

Coorm panent Cut-af-plana In-plare Flesityliky Sketch
description i i characteristic
a4 Q75 + 025 [ r ]nr“ 1
Exrucled walding lee 1+#— |— :|
wr walding hzl.-a_ i - r r L — _|__ .
o
Welded in eanlaur 09 075ig, + 0,25 448, ' I;.
e A sergi aafgl r —— ot |5 N
.
Bramch welded on 08 0750, + 025 13e ! '
fitiing (integrally =5 : = _ i
reinforced) ] adfh adFh r <

The factars iy and i apply over the whole effective length of the albows and Bands and at fa Intersection of
Lhe axes in case of lees and nozzles.

IT these comgsa nents ane Tbed wilh

- flange at one extremity, iy 8nd § are multiplied by &',

- flange ai aach of the exremities, iy and § are mudtiplied by R

If the pressure is likely to comect ovality (larpe diameler, small thickness), the Bclors j; and §j shal be
. ) g
AT - [ R .
divided by | + 3,23 Tl = L_ . where /|5 the operating presswre and £ the modulus of
", } i tr & r:l
elasticty al 20 °C.

Fara morzle wilts a rati of braeeh d Bmetar to pipe dameber excseding 0.5, the cul-af-plane shees
inlersilicalion fachor may be ror-canserative. Inaddifon a smoath ransilion by a soncawe shaped wald is
provad fo red uce B ova e of (his Bolor, Consaquenly tha salaclion of an appropriake value for this Facdar
remsineg tha respansbility of the designer,

The stress inke nsiication factors regarding (he Branch commeclions are based on esis carmed oul with al
laast two damaters of siraight pips on sither side of the branch azls. Tha casa of closer branches reguiras a
particular attention.

The lorgimgs shall be saitable wilh regard 1o the operaing condilians.
When the Emilations with respect io radius and fickness are not med and reliabla data are nol availabla, the
£
Nexibiily characleristic is taken as ——
v
The designaer shal chack thak the design against pressureis & least equivalant fo thet for & straight pips.
Tha factors only spply io nozzles with comvargant sxes,
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 6.3.

_ 2fnTesy
Dy — eff

where
p = allowable pressure
f = allowable stress
z;, = joint efficiency of longitudinal weld (input as material property)
Terr= nominal pipe thickness X (1 —mill tolerance/100) — corrosion allowance
D = outside diameter
d = inside diameter
m = pressure coefficient

= 1.0 for D/d<1.6
= 0.25(D/d)+0.6 for 1.6 < D /d<2.0

Sustained Stress

Stress (S;,) due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from Equation 9.32.

D 0.75k:M
p 1Ma

SL N 4TeffZC + W =2
where
p = maximum pressure
Z¢ = joint efficiency of circumferential weld (input as material property)
ki = stress intensification factor. The product 0.75k; shall not be less than 1.0
M, = resultant bending moment due to sustained loads
W = section modulus, for reduced outlets, effective section modulus
f2 = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of the stress due to sustained loads (S;) and the
stress (Sp) due to occasional loads such as earthquake or wind from Equation 9.33. Wind
and earthquake are not considered concurrently.

4TeffZC W

SLO = < 12f2

where
Mp = resultant bending moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 9.34.

kM
Sp =~y <5

Alternatively, Equation 9.35 may be used.

S, +Sg<fo+5,

where

M = resultant bending moment due to thermal expansion.
S, = f,(1.17R; + 0.17R;)

fr = stress range reduction factor taken from Table 9.1.

R; = smaller of f; and 0.267R,
R, = smaller of f, and 0.367R,,

fi = allowable stress at cold condition
f> = allowable stress at hot condition
R,, = tensile strength at room temperature

At moderate temperatures (up to 370° C) for carbon steel, low alloy steel and chromium steel
(specified as CS material type) and up to 425° C for austenitic stainless steel (specified as AS
material type), the limits 0.267R,;, and 0.367R,,, are disregarded and S, is selected as smaller
of S, and S,

where

’

S, = 1.17f; + 0.20f,

!

S, = 290f. — f,
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Item Type of component Flexibility coefficient k Stress coefficient k
!
Threaded joint or con-
15 nection to threaded i
flange 2.3

Symbols (items 13 - 14)

Dmin' D““.aI see clause 6.5

T, = specified wall thickness of the smaller pipe (mm)
T « specified wall thickness of the larger pipe (mm)

de = difference in mean radius at each side of the welding groove (mm)

Notes relating to illustrations shown in table 9.2

A1l dimensions are nominal

1. The coefficients k and k apply to bending in any plane and shall never
be given a value less thln 1. For plain bends and bends made of welded
segments, the coefficients shall be applied to the effective length of
the arc (shown by a heavy centreline in the illustrations). For
branches and tees, they shall be applied up to the intersection
point between the main pipe and the branch, see fig. 9.3.
k and k, as functions of h ¢an be taken from fig. 9.4.

2. If a flange is joined to one end or both, the coefficients k and kl
<hall be multiplied by the factor F as shown below.

f = hll& {f one end has a flange
F= h”‘3 if both ends have flanges

f as function of h can be taken from fig. 9.5.

3. An inclined circumferential weld at the angle t, degrees so that
T
t, § 9 .\, LA
h o
may be considered as @ perpendicular circumferential weld.
. 1.-‘
4, wWhen Tp 22,5 Th is set to h = 4,05 ;;
5. The formula for kl-applies only when the following conditions are

satisfied:
. the reducer is concentric
- the angle a, does not exceed 60°

- neither D.‘lIT nor Dminle exceeds 100.
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 6.3.

_ 2fnTesy
Dy — eff

where
p = allowable pressure
f = allowable stress
z;, = joint efficiency of longitudinal weld (input as material property)
Terr= nominal pipe thickness X (1 —mill tolerance/100) — corrosion allowance
D = outside diameter
d = inside diameter
m = pressure coefficient

= 1.0 for D/d<1.6
= 0.25(D/d)+0.6 for 1.6 < D /d<2.0

Sustained Stress

Stress (S;,) due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from Equation 10.7.

D 0.75k:M
p 1Ma

SL N 4TeffZC + W =2
where
p = maximum pressure
Z¢ = joint efficiency of circumferential weld (input as material property)
ki = stress intensification factor. The product 0.75k; shall not be less than 1.0
M, = resultant bending moment due to sustained loads
W = section modulus, for reduced outlets, effective section modulus
f2 = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of the stress due to sustained loads (S;) and the
stress (Sp) due to occasional loads such as earthquake or wind from Equation 10.8. Wind
and earthquake are not considered concurrently.

4TeffZC W

SLO = < 12f2

where
Mp = resultant bending moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 10.9.

kM
Sp =~y <5

Alternatively, Equation 10.10 may be used.
S.+Sg<f +S,

where

M = resultant bending moment due to thermal expansion.
S, = smaller of S, and S,.

S, 1.25f; + 0.25f,

f;"Rs - f 2

stress range reduction factor

SRR
TR

allowable stress at cold condition

=h
[

allowable stress at hot condition
Ry = permissible extent of stress for 7000 load cycles for different materials

o
I

R is determined by material type as follows:

Material Type R;

Carbon and low alloy steel CS 290
Austenitic stainless steel AS 400
Copper alloys, annealed CA 150
Copper alloys, cold worked CC 100
Aluminum AL 130
Titanium TI 200

The stress range reduction factor f, depends on the number of thermal cycles (NE). For
moderate high temperatures (< 370° C for carbon, low alloy and chromium steel and = 425°

C for austenitic stainless steel), f, is calculated from
f. = (7000/Ng)°2N; > 100 (i.e., f. < 2.34)

At higher temperatures, S, shall not be greater than f,(1.25R; + 0.25R;) and f; shall not
be greater than 1.0.

where
R; = smaller of f; and 0.25R,,
R, = smaller of f, and 0.25R,,

tensile strength at room temperature

=
3
I
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Tabell 10.1 Spennings- og fleksibilitets-
koeffisient for rgr og rgrdeler

Betegnelser (detalj 4 - 8)

r = hulkilradius (mm)

Ty = grenens middelradius = (d - Tg)/2
(mm)

Th = hovedrgrets middelradius =

(d - Th)/2 (mm)

Re = 1+ (mm)

Te = 0,5x (Tr + Ts) (mm)

T = veggtykkelse i lokalt tykkere
hovedrgr (mm)

Tg = grenens nominelle veggtykkelse
(mm)

Th = hovedrgretsnominelle veggtykkelse
(mm)

Tp = tykkelsen av plateforsterkning (mm)

Ty = veggtykkelse ved hulkilradien (se
detalj 6) (mm)

Ty = veggtykkelse i hovedrgrets side rett

ovenfor grenen (se detalj 6) (mm)

Betegnelser (detalj 13 -14)
Dmin 0g Diaks, se punkt 7.5

de

forskjell i middelradius pd hver side
av sveisefuge (mm)

—
l

nominell veggtykkelse i det stgrste
rgret (mm)

o
[

nominell veggtykkelse i det minste
rgret (mm)

o = vinkel, i grader

Table 10.1Stress and flexibility coefficients for
pipe and pipe components (fittings)

Is (item 4-

T = fillet radius (mm)

Iy = mean radius of branch = (d - Tg)/2
(mm)

T = mean radius of main pipe =
(d - Ty))/2 (mm)

R, = r+1, (mm)

T, = 0,5x (T, + T,) (mm)

T¢ = wall thickness of locally thickened
main pipe

Tg = nominal wall thickness of branch
(mm)

T, = nominal wall thickness of main pipe
(mm)

T, = thickness of plate reinforcement
(mm)

T, = wall thickness at fillet radius (see
item 6) (mm)

T, = wall thickness of pipe at a point
located diametrically opposite of the
branch (see item 6) (mm)

Symbols (item 13-14)

Dpyin 20d Doy o0 s€€ clause 7.5.

de = difference in mean radius on each
side of the welding grove (mm)

T = nominal wall thickness of the larger
pipe (mm)

T, = nominal wall thickness of the smaller
pipe (mm)

o = angle, in degrees
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Tabell 10.1 fortsatt
Table 10.1 continued

Detalj Type rerdel Fleksibilitetskoeffisient k Spenningskoeffisient k

Item Flexibility coefficient k Stress coefficient k|
Type of pipe component

15 Gjengeforbindelse eller tilslutning til 1 23

giengeflens
Threaded joint or connection to threaded
flange
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Fotnoter til figurene i tabell 10.1

Alle dimensjoner er nominelle.

1y

2)

3)

der

Koeffisientene k og k1 gjelder for bgying
i vilkarlig plan og skal aldri vere mindre
enn 1. For glatte og segmentsveiste
rorbend skal koeffisientene gjelde over
den effektive buelengde (markert med
tykk senterlinje i figurene). For gren og T-
rgr skal de gjelde frem til skjarings-
punktet mellom hovedrgr og gren, se
figur 10.5.

kogkj) som funksjon av h kan tas fra figur
10.3. Tilatte verdier for h er angitt i figur
10.3.

Hvis en eller begge ender har standard
flenstilslutning skal koeffisientene k og
ki multipliseres med faktoren F som vist
nedenfor

F = h!/6 om en ende har flens

F = h13 om begge ender har flens

F som funksjon av hkan tas fra fi gur 10.4.
Tilatte verdier for h er angitt i figur 10.4.

For albuer under innvendig trykk kan k
endres pa fglgende méte:

Under innvirkning av det innvendige
overtrykk pminskerkoeffisienten k til kp,

10.1

All dimensions are nominal.

1y

2)

3)

The coefficients k and k, apply to bending
in any plane and shall never be given a
value less than 1. For plain bends and
bends made of welded segments, the coef-
ficients shall be applied to the effective
length of the arc (shown by aheavy centre-
line in the illustrations). For branches and
tees, they shall be applied up to the inter-
section point between the main pipe and
the branch, see figure 10.5. '

kandk, as functions of h can be taken from
figure 10.3. Permissible values for h is
given in figure 10.3.

If a standard flange is joined to one end or

both, the coefficients k and k; shall be
multiplied by the factor F as shown below.

F = h'/6if one end has a flange

F

h!73 if both ends have flanges

F as function of h can be taken from figure
10.4. Permissible values for h is given in
figure 10.4.

For elbows under internal pressure k may
be changed in the following way:

Thecoefficientkisreducedto kp duetothe
effect of the internal pressure, p:

kp = k
1+I§_t.6'%4;3_ (%]1;3

tm
i

elastisitetsmodul (N/mm?2)

innvendig overtrykk (MPa)

o
Il

where
E = modulus of elasticity (N/mm?)
P = internal pressure (MPa)
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4)

5)

6)

m = (D-T)/2, rgrtverrsnittets
middelradius (mm)

Ry = (pxrm)/T, tangentiell spenning

Minste verdi for kp er 1.

Skrarundsveis med vinkelen 01 grader slik
at

kan betraktes som rett rundsveis.

Nér Tp 2 2,5 x Th settes h =4,05 x (Th/rh)
Formelen for kj gjelder bare under
forutseting av atfglgende krav er oppfyit:
- overgangsstykket er konsentrisk

- vinkelen o < 60°

- Dmaks/T respektive Dpyin/T ikke er
stgrre enn 100,

525

5)

6)

m = (D-T)/2, mean radius of the pipe
section (mm) .

Rt = (pxrm)/T, tangential stress (mm)
The minimum value of kp is 1.

An inclined circumferential weld with the
angle 0 in degrees so that

may be considered as a perpendicular cir-
cumferential weld.

When Tp 22,5 x This set
h =4,05 x (Th/mn)

The formula for kj applies only when the
following conditions are satisfied:

the reducer is concentric

'

the angle o < 60°

rllgiother Dmaksﬂ' nor Dmin/T 1 exceeds
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 2 of C
3641.1.

_ 2SEt,
- D-2Yt,
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property)
t,, = minimum required thickness, including mechanical and corrosion allowance
= t X(1 — mill tolerance/100) — corrosion allowance
t = nominal pipe thickness
D = outside diameter
d = inside diameter
Y = pressure coefficient

= 04 fort <D/6
= d/(D+d) fort >D/6

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from Equation 6 of C 3652.

PD 0.75iM,
= <

Si=grt——FZ S5
where
P = maximum pressure
D = outside diameter
t = nominal wall thickness
[ = stress intensification factor. The product 0.7 51, shall not be less than 1.0
M, = resultant bending moment due to sustained loads = \/ M + M§ + M2
Z = section modulus, for reduced outlets, effective section modulus
S, = hot allowable stress

Occasional Stress

The stress (Spp) is calculated as the sum of stress due to sustained loads (S;) and stress due
to occasional loads (Sp), such as earthquake or wind from Equation 10 of C 3654. Wind and
earthquake are not considered concurrently.

0.75iMp
SLO = SL + T S 125h

where
Mp = resultant moment due to occasional loads
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Expansion Stress

The stress (SE) due to thermal expansion is calculated from Equation 7 of C 3653.2.

iM,
SE = 7 < SA
where
M, = resultant moment due to thermal expansion
Sy = f(1.255. 4+ 0.255;)
S. = allowable stress at cold temperature

~
|

= stress range reduction factor from Table C 3653.3
The stress due to pressure, weight, other sustained loads and thermal expansion is calculated
from Equation 8 of C 3653.2.

STE:SL+SESSh +SA
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FIGURE C J680.1

FLEXIBILITY AND STRESS INTENSIFICATION FACTORS (Do/tn < 100}
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FIGURE C )680.%

FLEX!BILITY AND STRESS INTENSIFICATION FACTORS [cont'd)

Descriplion

Flaa.pilivy
facror

Suress intansitu srion
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NOTES TC FIGURE C 3680.1:
{1} The lollowing nomenclature applies

' = mean radws ol pipe [matching pipe lor 1ees and elbows)

In = noMuinal wall thickness of pipe (Matching pipe ton 1eps and AlDOwWS Se nntp U]
= bend radwis 0f elbow O pipe bend

A = one-hait angle berween agd,acent mier axes

1 - i@l Spdcing at centrehne

tenlarced inchness

-
L3
1

8 = Ausmdich
Do = oulside aameter
(2] Tne liexility factors k ana stiess intensticaton 1aciors » apply 10 Lerdimig iy Any idne 001 hisings arid shail
N NO case De faken (ess than umily  Botn 1actors apply ower the elter ye s ngtn iuhaan By Sogy
centrehnes n 1Ne skelches) tor Curved and miter elOws and 10 the el se: lign omi o 1ereey

{3

Where llanges are altached 10 ane of both ends the values O k amid « shall De Cored e oy e yoror
given below

ane end llanged ¢ = h'»
both ends llanged ¢ = )

(4] AlsS0 includes single miter joints
15) Whente > 1514 0 = 405 1a/¢
{6) The equation apphes only it the 1PHOW.AY CHAMLONS Aie 1ol
a) The ientorcement area cequirements ol C 3043 ae inet
Bt The axis of the branch pipe 18 NGiMal 10 1he surldce of rn pupe wall
cl For branch CONNBCULNS w0 3 M@ (R arC Gislance me asuieed Delween thy Zoolies O ipduenl Brgn nes
along the sutace of the run p.pe s NOt less 1han thiee Lmiey the sin ol e s Gadlne o thee
longtudindl dvecnSn Or 5 PO Iess than 1wl Lrbes the sum o INed nsule fanl alianeg e curumbaence
ot the run ope
di The inside cocner radius 1 (Lhgure € 3680 2] s Lrtween 10% anyg 500¢ ot T;
€| The outel radius 12 1s Ot eSS (nan the larger ol Ty/2 Ty + yi/2 thg € 380 2 skelich cii ot 1,72

1) The ouler tadius @3 15 AT less than the targer of

(1} 0002 8 0o

(2] 2 {0 ®)) umes tne ollser tor (he COnbyuranons shown o iy C 368 2 shen Bey ot ot -ty
g) Am/Tr € 0 and t m/Rm € 05
{7) The equations apply pnly i 1he Iotowing condiions aie mel
2} Cone angle a 0oes nol exceed 60° and \he reducer s concentnc
b} The larger of D1/11 and D2/12 does not exceea 100

€) The wall thickness s nat less 1han 11 1hroughout Ihe DOdy Of Ihe reducer except in and immedialely
30,aceni 10 the cyclindrical porton on the smyll end where the thickness shall nol Be less than t

(B} Faciors shown apply 10 bending fexibiity lacior 161 1easion equals 09

{S) The designer 13 cautioned that cast butl welding elbows may have cons.derably heaviar walls Ihan [hose of
the Dipe with which they are used Large erors may be noduced uniess Lhe ellect of these greater
thichnesses 13 cons:dered
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Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from

_ 2fze
" D-e
where
P = allowable pressure
S = allowable stress
E = joint factor (input as material property in CAEPIPE)
tm = nominal pipe thicknessX (1 — mill tolerance/100) — corrosion allowance “c”

(Any additional thickness required for threading, grooving, erosion, corrosion, etc.  should
be included in corrosion allowance in CAEPIPE)

D = outside diameter

For pipe bends the maximum allowable pressure is calculated using the equivalent pipe wall
thickness €,qy; —

e

Cequi — ~ ;

Where
R(D — 0.25)
Y = R0~ 0.25)
For closely spaced miter bends, the allowable pressure is calculated from

e? fze*(R—r)
= min with 8 < 225
r(e +0.643 tanH\/—) r(R—r/2)

For widely spaced miter bends, the allowable pressure is calculated from

e* fze2 (R-1)
= min with 8 < 22.5
r(e+0.643tano+re) r(R—r/2)
P fze h 6 22.5
= wit < 22.
r(e + 1.25tan @ \/re)

Where
r = mean raidu of pipe = (D-t)/2
Rg = effective bend radius of the miter
60 = miter half angle
Y = pressure coefficient
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Sustained Stress

The stress (01) due to sustained loads (pressure, weight and other sustained mechanical
loads) iscalculated from

PD, , 075iM,

17 e z =
Where
P = maximum of CAEPIPE input pressures P1, P2 and P3
D, = outside diameter
e = nominal pipe thickness x [1 - mill tolerance%/100] - corrosion allowance “c”
[ = stress intensification factor; the product of 0.75i shall not be less than 1.0
M, = resulting bending moment due to sustained loads
Z = uncorroded section modulus; for reduced outlets / branch connections, effective
section modulus
fn = hot allowable stress

Sustained plus Occasional Stress

The stress (03) due to sustained and occasional loads is calculated as the sum of stress due
to sustained loads such as due to pressure, weight and other sustained mechanical loads and
stress due to occasional loads such as earthquake or wind. Wind and earthquake are not
considered concurrently

PD, 0.75iM, 0.75iMj

0, = + + <k
27 ge Z Z n
Mp = resultant bending moment due to occasional load
k = 1.2if the occasional load is acting less than 1% in any 24 hour operating petiod. In
CAEPIPE k =1.2 is used for occasional loading.
Expansion Stress
The stress (03) due to thermal expansion is calculated from
iM.
o3=—*</a
Z = uncorroded section modulus; for reduced outlets / branch connections, effective
section modulus
f, = U25f + O.25fh)i—’:
U = cyclic stress range reduction factor as mentioned below
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Number of cycle Stress range reduction factor U
fa <=7000 1.0
7001 to 140000 0.9
14001 to 220000 0.8
22001 to 0.7 0.7
45001 to 100000 0.6
100001 to 2000000 0.5
fc = allowable stress at cold temperature
fc = allowable stress at hot temperature
E¢ = elastic modulus at cold temperature
Ey = elastic modulus at hot temperature
__PD, N 0.75iMy N iM¢ <f 4

Additional Conditions for the Creep Range

For piping operating within the creep range, the stress, (05) , due to sustained, thermal and
alternating loadings shall satisfy the equation below.

PD,  0.75iM, 075iMc _
4e Z 3z

0'5 =
Where

fer = allowable creep stress value
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte

.Ca.racte- Coefficient Coefficients d'intensification de
ristique de de oriainta
Composant flexibilité | flexibilité 3:?;‘::.1:;
h k i o ¢
Note (1) hors du plan | dans le plan
1. Tuyau droit soudé bout-a-bout

| ”; oy iD:‘—Df

) | l) 1 1 1 1 32 D

DD_D[m ;

ef
|
2. Tuyau droit ondulé
ou coude ondulé
5 2,5 2.5 2,5
3. Coude ou cintre
soudé bout-a-bout
0,9 0,75 0.9

2/3 2/3 2/3 4 _p4
4e R, 1,65 n h } Z L0l

> = 32, £

Dm h Notes Notes =

(2) & (3) 2,3 &#®

Note : Pour les intersections tubulure-coude
voir § C2.2.7.4.4.
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

rﬁtai;auc;ii-e Coef:::clent Coefficients d'intensification de
Bzt flexibilité | flexibilité Eomerainie Module
d’inertie
h 5 i io ;i
Note (1) hors du plan | dans le plan
4.1 Coude 2 sections rapprochées
ou a sections multiples
0,9
B3
s;26ep 0:9 09 4 g
L2 | geose | K L L
B3/ 32 D,
Notes Notes
@) &(3) (2).03) & (4)
R s, cot @
¢ 2
4.2 Coude 2 sections espacées
et coude a un onglet
0.9
2/3
h 09 0.9
AR, ¢ 52 | 95225° | WP w? |z Dg-Df
2 / N 32 D
Dy, fe g;e Notes ©
(2, 3) &)
Sg 2 —%’— (1+ tan 6)
D,, (1+cot8)
Rc — _"4—
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

Caracté- | Coefficient| . rrioients d'intensification de
ristique de de ol atie
flexibilité | flexibilité Module
Composant d’inertie
h k iy i
Note (1) hors du plan| dans le plan
5.1 Réduction forgée 1 ’
0,5+
€] 12
— 2 &
__t 100 { e, ]
MAX =20
(axen®)
a <60°
dla'{el <100
dzféz <100
Note (5)
5.2 Réduction chaudronnée
Note (14)
voir figure C2.2.4
6. Té reconstitué non renforcé avec Collecteur
tubulure posée ou pénétrante = p-pf
0,9 L e M
p2/3 (Sm a)z.az 32 D,
dﬂ
e e = angle Dérivation
| ! Tl e 0.9 d'inclinaison de
ef N L=h b z la tubulure par z d2 e
— N ' N 2 e W23 rapport au i T
| : \ 1 . collecteur
LT d T m Notes
b * ) & (12) Py
o S T e == Dy -~|- D 2% 4025
ra {* L et i Fr * 4
e, = MIN
(er; iey)
Notes
(2), (6), (T) & (11)
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

Coefficient |

.Ca.racte—- Coefficients d'intensification de
ristique de de contratiste
Composant flexibilité | flexibilité (?:Ii:;i:tl;
h § i fo h
Note (1) hors du plan| dans le plan
7. Té reconstitué avec tubulure ‘ Collecteur
posée ou pénétrante D
et renforcé par anneau slglSe 0.9 K D! -D¢
ou selle de renfort 372 A
K23 (sin a] 32 D,
512
d, ; 2 (ef +0,5 erj 1
ﬂ+ d; e 3T, o = angle Dérivation
C e m d'inclinaison d
er er ep 0,9 inclinaison de -
] er - la tubulure par 24% e
: w23 rapport au 4 I, =
i collecteur
i ¥ * Notes
d | @ & (12)
-+--Dy === Dy |- D
| b U [sie> 156 |
31
” —+0,25
8 Dr 4
L e, =MIN
(er; iep)
avec avec Notes
anneau renfort selle de renfort ). (6), (M &(11)
8. Piquage avec piéces forgées
1
d, Type 2] 2,1
L di L manchon
1 .
e I oy forgé
i
rara JI T 6’6 e—f
: ) By,
-}=Di === Dy |- Dy
3i
A . . il A i * 1 0’9 j“l’o,zs
n2/3 4
Type
weldolets
etc.
Type Type Notes

manchon forgé weldolets etc.

(2), (6), (8) & (10)
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

.Ca.racte- Coetliclent Coefficients d'intensification de
ristique de de Coiifiainte
Composant flexibilité | flexibilité c?’liz(el:t]ii
i k ) i i
i
Note (1) hors du plan| dans le plan
11. Té forgé Collecteur
et F.|..m 32 D,
et I I
- ; | 85 e; 1 0.9 0.9 3_1.0 i Djrivation
1 s E— — » 7 3
De'“Di_H'_‘i_'”'"'_'_ Dn‘l
[N e,=MIN |
& etZ 1,5 ef (Ef; ieb)
Notes
(2). (7). (8), (9) & (11)

12, Té a souder extrudé

) o 2 + 0,25
1 Note (13) K23 4

120,05 dy

E‘tS 1,5 8[

Notes
@) &)
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

f:alracte- Coefficient Coefficients d'intensification de
ristique de de coRitE
Composant flexibilité | flexibilité ;\:Ii?}g:tlii
k , i i
h i
Note (1) hors du plan| dans le plan
13. Triform Collecteur
s D; —Di4
32 D,
g 0,9 . Dérivation
T i
B ~Dm L 1 Note (13) n*3 24025 # 2
_*_ Dy, 4 —dn €
4
e, = MIN
(er; iev)
14.1 Bride 4 assembler bout-a-bout
N
h NN AN
B — . _L___L i I
NN
NS~
|
14.2 Bride 2 emmancher et a souder
(soudée des deux cdtés)
/7 22
1,2

i

4

e Kz

f
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

-Ca.racte- Coetiicient Coefficients d'intensification de
ristique de de conliabiie
Coniposant flexibilité | flexibilité D:I_odulg
d’inertie
h & i ‘o h
Note (1) hors du plan| dans le plan
14.3 Bride tournantes
P
i 1 1,6
&
| (
14.4 Bride 2 visser
) 1 213
Voir figure C2.2.8.3.7-2
15.1 Soudure bout-a-bout 1
5 . ep =5 mm
= s et 5 <0,1 e
| .
y \:' Note (15) 7z Dt-D}
égg §§§ 18 32 D,
i e, <5 mm ou
Dlv 5>0,1e
Note (15)
15.2 Transition d'épaisseur de paroi
et a
1,3+ 0,0036 Do/ es+3,6 8/ ¢
/A/i///////// avec un maximum de 1,9 x D*-D#
[ L Note (13) E D
| ;
o <30° B <15° sans soudure circonférentielle au
> - niveau de la transition & =0
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Tableau C3.2.6-1 - Caractéristique de flexibilité, coefficient de flexibilité
et coefficients d’intensification de contrainte (suite)

Caracté- | Coefficient

. . Coefficients d'intensification de
ristique de de

P flexibilité | flexibilité COMpIEE Module
P d’inertie
h k i f ;
Note (1) hors du plan | dans le plan

15.3 Composant emmanché-soudé

elg

4 4
/ \ 2,1 ¢ E_M
2 g2 B,
% \\1 1 1,3 s
33
\\\\\ \\\\ avec un minimum de 1,3
|

. 2
et un maximum de 2,1 z Dyg eg

L7

D, L _€f
|

forme concave avec raccordement
régulier au tuyau

15.4 Composant emmanché-soudé

e]g

Sy 2,1 e L Wi
N 32 D,
ZER'1 eig
< N 1 2,1 }
avec un minimum de 1,3
N .

2
et un maximum de 2,1 z Dges

D, |_ER
|

forme convexe
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CODETI 2006 Division 1 e Partie C— CONCEPTION ET CALCULS
Section C3 — ANALYSE ET CRITERES D’ACCEPTATION

Notes du tableau C3.2.6-1

(1) Le coefficient de flexibilité £ s’applique a la flexion dans tous les plans. Le coefficient pour la torsion est égal & 1 dans tous les
cas a I’exception du cas 2 (tuyau droit et coude ondulé) pour lequel il est égal 4 0,9.

(2) Les coefficients £, i, io, iy s’appliquent sur toute la longueur effective des coudes et des cintres (ligne épaissie sur les schémas) et &
I'intersection des axes pour les tés et les piquages.

(3) Si ces composants sont munis :

~ d'une bride a I'une de leurs extrémités, £k, 7, i, i, sont & multiplier par e,

— d'une bride a leurs deux extrémités, , i, io, i; sont & multiplier par B2,

(4) Si la pression est susceptible d’apporter une correction d'ovalisation (grand diamétre, petite épaisseur), les coefficients sont
divisés par :

7/3 1/3
: R
- 1+6 [EJ Im. - pour le coefficient .
E el' rlll
5/2 2/3
Pl
- 1+325 [—J — £ pour les coefficients i, i, i.
E/\e "m

P étant la pression de service et E le module d'élasticité a 20 °C.

(5) L’épaisseur de la paroi de la réduction ne doit pas étre inféricure a e; sauf au voisinage de 1’extrémité de petit diamétre ou,
toutefois, I'épaisseur de la paroi ne doit pas étre inférieure 4 e,.

(6) Le coefficient d’intensification de contrainte « hors du plan », pour un piquage dont le rapport des diamétres de la tubulure et du
collecteur est supérieur 4 0,5, peut étre non-conservatif. Par ailleurs, il a ét¢ démontré qu’un raccordement régulier par une soudure
de forme concave réduit la valeur de ce coefficient. Le choix d’une valeur appropriée pour ce coefficient reste donc de la
responsabilité¢ du Concepteur.

(7) Les coefficients d’intensification de contrainte pour les raccordements de tubulures sont basés sur des essais avec au moins deux
diametres de tuyau droit de chaque coté de 1’axe de la tubulure. Le cas de tubulures plus proches requiert une attention particuliére.

(8) Les pi¢ces forgées utilisées doivent étre appropriées aux conditions de service.

(9) Lorsque les limitations portant sur le rayon et I’épaisseur ne sont pas respectées et en ’absence de données fiables la

2e
caractéristique de {lexibilité doit étre prise égale a — .
m

(10) Le Coﬁcepteur doit vérifier que le dimensionnement en fonction de la pression est au moins équivalent & celui du tuyau droit.
(11) Les coefficients ne s’appliquent qu’aux piquages & axes concourants.

(12) D’autres valeurs peuvent étre utilisées sous réserve de justification.

(13) En I’absence de données fiables, la détermination des coefficients est de la responsabilité du Concepteur.

(14) En I’absence de données plus précises, les coefficients d’intensification de contrainte peuvent étre pris égaux a 2,5.

(15) Le coefficient s’applique dans le cas ot les tolérances de fabrication (voir partie F) sont respectées. Dans le cas contraire, la
détermination des coefficients est de la responsabilité du Concepteur.
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Stoomwezen (1989)

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) is calculated from

P(D—t) 0.75iM,
= <
L Tz =
where
P = maximum pressure
D = outside diameter
t = nominal wall thickness
[ = stress intensification factor. The product 0.751, shall not be less than 1.0
M, = resultant bending moment due to sustained loads = \/ M2 + MZ + M2
Z = section modulus, for reduced outlets, effective section modulus
Sy = hot allowable stress: smaller of:

0.67 yield stress at temperature
0.44 tensile strength at 20° C
0.67 rupture stress (after 100,000 hours at temperature)

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained loads (§;) and stress due
to occasional loads (Sp),such as earthquake or wind. Wind and earthquake are not
considered concurrently.

0.75iMp
SLO = SL + T < 125h
where
Mp = resultant moment due to occasional loads

Expansion Stress

The stress (Sg) due to thermal expansion is calculated from

iM
SE = 7 < SA

where
M, = resultant moment due to thermal expansion
S, = smaller of:

Cr (0.8 yield strength at 20° C + 0.13 hot yield strength)

Cr (0.8 yield strength at 20° C + 0.2 x 0.67 rupture stress)
Cr = stress range reduction factor
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Stoomwezen (1989)
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Swedish (1978)

Allowable Pressure

The allowable pressure for straight pipes and bends is calculated from Equation 6.3.

B 20, ZLSeff

P Dm sy
where
p = allowable pressure
Ot = allowable stress
z;, = joint efficiency of longitudinal weld (input as material property)
Sef = nominal pipe thickness X (1 —mill tolerance/100) — corrosion allowance
D, = outside diameter
D; = inside diameter= D, — S,¢f
m = pressure coefficient

= 1.0 for D, /D;<1.6
= 0.25(D,/D;)+0.6 for 1.6<D,, /D;<2.0

Sustained Stress

Stress (S) due to sustained loads (pressure, weight and other sustained mechanical loads) is
calculated from Equation 9.37.

_ Pmax Dy n 075k1MA

Sy = T W, < Otn2
where
Pmax = maximum pressure
Zc = joint efficiency of circumferential weld (input as material property)
kq = stress intensification factor. The product 0.75kqshall not be less than 1.0
My = resultant bending moment due to sustained loads
W, = section modulus, for reduced outlets, effective section modulus
Otnz = hot allowable stress

Occasional Stress

The stress (S;p) is calculated as the sum of the stress due to sustained loads (S;) and the
stress (Sp) due to occasional loads such as earthquake or wind from Equation 9.38. Wind
and earthquake are not considered concurrently.

Pmax Dy + 0-75k1(MA + MB)

<12
4’Seff Zc VVy Otn?2

S0 =

where
Mp = resultant bending moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from Equation 9.39.

kM

Sp = <S
E VVy = Jr

where
M = resultant bending moment due to thermal expansion
S, = f(1.170y + 0.170;) from Equation 9.43
f = stress range reduction factor taken from Table 9.1
01 = smaller of 63,1 and 0.267R,,
0, = smaller of 64,5 and 0.367R,,

Oin1—= allowable stress at cold condition

Oin2= allowable stress at hot condition

R,, = tensile strength at room temperature

At moderate temperatures (up to 370° C) for carbon steel, low alloy steel and chromium steel
(specified as CS material type) and up to 425° C for austenitic stainless steel (specified as AS
material type), the limits 0.267R,, and 0.367R,, are disregarded and S, is selected as smaller
of S, and S,

where

7

"

Sy = 290f—0'tn2
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Swedish (1978)

Table 92 k smd k,

Item Type of filling h k ", Figure
1 Bend, sea notes 1 and 2 Snom ' A 1.65 0.9
(73 h FIF] -..EI
:
A B
2 Mitre bend of segment L 5., -cotd 15 08
langth T2 LEl hd
L smaller than sy, (14 "
1an 8); see notes 1 and 2 R« l-_fv_;__

3 Mitre bend of segment Snom (1 tcotd) 09
length 21, his
L notiess thanrm (1 +

tan #) or inclined circum-

A= fa _I_1_+_=.°l..”
ferential weids: sve notes 1 z

and 3
2.
4 Branch without local rein- x 1 0,9 3%
forcemant of the main pipe; n LA ¥
so¥ nole 1 -
Bococooorny
- N
R — ..i_ . —
‘o
-
[ Aaiaed adges on main pipe So "v-‘ SR, 1 0.9 o
or branch radiused t joint; (i: r,,‘:" h -
sed note 1 o ' I' ;
£}
51_ ]
- e
o
[ Branch on locally thickenwd £ [‘"‘I
ma pipe; see note 1 T
sn 5t }“’ ! 03
A 3 h 213 =
1<% 18V0, 5 X A -
2 1, §V7
L]
9 VDS, s+ k 24
L¥ 21“.0 0, 5 ?-?572 h?
A
57
? Branch with piate reinforce- [J. i’,’ ! -979:
ment; sce notes 1 snd 4 2 - h
. -8 P g
L)

Svenbrsls titema 4=7)
va =nominal wall thickness of main pipe

ro=hllet vadius ' -
r., =mean tadius ol branch [;‘:’.-.;k] : ::r-‘.:lc:;:u:‘" |!n.rLl|!1¢:u.0.: .,-‘..;
K, mellective radius o7 +7, - Ao =wall ihickness in fillet (see iem 5)

S _ N~ 8, Twall thickness of main pipe side at branch (see item §)
7y =mean fadiis of main P'I"f"‘—}“‘l ap = wall thickness of tucally thickened main pipe
3o = nominal wall thickness ol branch £, =thickness of plate reinfurcemaene
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Table 9.2 (cuat.)
hem Type of fining h ] k, Figure
B Bun weld Mran radius
$pom 8.5 MM and §/3,0,%0,1 1 1.0
Spom <45 MM Of §/500m™>0,1 1.8

9 Butt weld between dissimilar 1
thicknesses according 1o
Section 11,22

10 Fillet weld 1

(spigot fype)

(1 the weld is
ground fiush in-
side and out, k,
may be se1=1,0}

D
1.3+0,0038 2 4 36 2
Saom

"num
but not over 1.9 §
, A
J F o
o /N
\Mean radius
21 54

Inom

Flange Pipe joint
$41.2 800m #21,053,,,
b4
E
1 Concave fillet wald |spigot 1 13 :?l
type) with even transition 1o -
tha pipe N0 undarcut al:
lowed)
221,05 8,,m
12 Conical reducer with defined 1 05+00! & T

knuckies r and r, complying
with Section 6.5.2.3; see
4+ notes 1and5

11 Conical reducer withaut
knuckles; swe noles 1 and 5

5 pom >4.5 MM and 8/5 0,1 !

3y nom S4.5 MM OF 8/8) ngm >0.1

4 Thread joint or connaction !
to threaded flange

but not over 2,0

0,9+0.0‘.?‘¢|{E g

Trum

1,26 +0,023 - a]/Drmm
£ 1 nom

but not less than 1.8

23

Svmbads (items {2=110)

D, min: Dy mas . 02 s€€ Section 6.5

3, eve =ROminal wall thickness of the smaller pipe
Vuew =nominal wall thickness of the larger pipe
& =difference in mean rudius ucross & weld

548



7183 (1990)

Allowable Pressure
The allowable pressure is calculated from 5.3.2.1.

P = 2S8tFLJT/D

where
P = allowable pressure
S = specified minimum yield strength
t = minimum wall thickness
= nominal wall thickness X (1 = mill tolerance/100) = corrosion allowance
F = design factor = 0.8 for steel pipe (from 5.2.3)
L = location factor (from Table 5.1)
J = joint factor (from Table 5.2), input as material property
T = temperature derating factor for steel pipe (from Table 5.3)
D = outside diameter

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) and wind loads, is calculated from (5.6.3.5)

PD M
S, =—+i— < SFLJT

4t Z
where
P = maximum pressure
D = outside diameter
t = minimum wall thickness
[ = stress intensification factor
M = resultant bending moment due to sustained loads
Z = corroded section modulus
S = specified minimum yield strength
F = design factor
L = location factor
J = joint factor
T = temperature derating factor

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained and wind loads (S;) and
stress due to occasional loads (Sp), such as earthquake. The allowable stress for occasional
stress is not given in the code, therefore it is conservatively taken the same as the sustained
stress allowable.

M

where
M = resultant bending moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from (5.6.3.3).

Sg = /sg +4S% < 0.72ST

where

Sp = resultant bending stress= iM, /Z

S; = torsional stress = M, /27

M, = resultant bending moment due to expansion loads
M, = torsional moment due to expansion loads

Z = uncorroded section modulus
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7183 (1990)

Table 5.5
Flexibility and Stress Intensification Factors
,. i
. Flex- Stress Flex- | Stress Flexibility |
Description ibllity  {Intens. Description IbMty (intens. | Character- | See
Factor k | Factor i Factor k*! Factor I*| istic h | sketch
i '
Butiwelded joint, ‘
reducer, or 1 1.0 Welding elbow. 1.65 09 IR A
welding neck flange . or pipe bend+ h h23 r?
Double-welded Milre bend
’ 1.52 09 cotae s
ship-on or _ 1 '| _2 with closg spacingtt | TR T B
socket welding flange s <r(l + tana)
Fillet welded joint, Mitre bend
or single-welded th 1.52 09 1+cote t
socket welding 1 1 .3 :‘g ru:;ﬂi 512:‘::;9 ¥ h6 HENR > r C
flange 4
Lap joint flange
(with CSA Standard 1 1.8 | [soasenerCSh 1 4 0.9 1 D
CAN3-Z245 12) . i S | 447 |
(lap joint stub)
Screwed pipe joint, Reinforced 098 =172 T}5-'2'
or screwed flange 1 2-3 fabricated tee, 1 T hi 132y E
with pad or saddle
Corrugated pipe. Unreinforced
straight or curved, 5 2.5 i orce 1 09 _t . F
or creased bend"" abricated tee Thid 3

*The flexibility factors and stress intensification factors apply to fittings of the same nominal wall
thickness as the pipe used in the pipeline system, and shall in no case be taken as less than unity.
They apply over the effective arc length (shown by dash-dot lines in the sketches) for curved and
mitre elbows, and to the intersection point for tees.
Where flanges are attached to one or both ends, the values of k and i in the Table shall be
multiplied by the foﬁowingrfactors:

One end flanged: (h)76

Both ends flanged: (h) 1/3
$Subject to the limitations of Clause 5.4.2.2.2(d).
§Also includes single-mitre joint.
**Factors shown apply to bending. Flexibility factor for torsion equals 0.9,
Note: Designers are cautioned that specific cases may require more comprehensive analysis than
that specified in Clause 5.6.

551



7183 (1990)

Table 5.5 (Concluded)

i
T — —
',
Lol fe-
Sketch A Sketch B
|
S —— -—Lt
il
R = —;— (1 + cota) !
Sketch C Sketch D
bt v

l [

Sketch E Sketch F
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7184 (1992)

Allowable Pressure
The allowable pressure is calculated from 5.4.2.1.

P = 2S8tFLJT/D

where
P = allowable pressure
S = specified minimum yield strength
t = minimum wall thickness
= nominal wall thickness X (1 = mill tolerance/100) = corrosion allowance
F = design factor = 0.8 for steel pipe (from 5.2.3)
L = location factor (from Table 5.1)
J = joint factor (from Table 5.2), input as material property
T = temperature derating factor for steel pipe (from Table 5.3)
D = outside diameter

Sustained Stress

The stress (S;) due to sustained loads (pressure, weight and other sustained mechanical
loads) and wind loads, is calculated from (5.19.3.5)

PD M
S, =—+i— < SFLJT

4t Z
where
P = maximum pressure
D = outside diameter
t = minimum wall thickness
[ = stress intensification factor
M = resultant bending moment due to sustained loads
Z = corroded section modulus
S = specified minimum yield strength
F = design factor
L = location factor
J = joint factor
T = temperature derating factor

Occasional Stress

The stress (S;p) is calculated as the sum of stress due to sustained and wind loads (§;) and
stress due to occasional loads (Sp), such as earthquake. The allowable stress for occasional
stress is not given in the code, therefore it is conservatively taken the same as the sustained
stress allowable.

M

where
M = resultant bending moment due to occasional loads
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Expansion Stress

The stress (Sg) due to thermal expansion is calculated from (5.6.3.3).

Sg = /sg +4S% < 0.72ST

where

Sp = resultant bending stress= iM, /Z

S; = torsional stress = M, /27

M, = resultant bending moment due to expansion loads
M, = torsional moment due to expansion loads

Z = uncorroded section modulus
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7184 (1992)

Table 5.8
Flexibility and Stress Intensification Factors

Flex- Stress Flex- r Strens Flexibility
Description ibitity | Intens. Description IbMity intens. | Charscler- See
Factor k | Factor { Factor k*| Factor 1| istic h shuteh
I}
Buttwelded joinl, 09
reducer, or Welding elbow, 165 = __]_H___
welding neck flange 1 1.0 or pipe bendt h h?T [ A
Double-welded Milre bend 1
slip-on or 1 1.2 with close spacingti —h?—f— —:Fg‘— -C-gzt—" o :—3 B
sockel welding flange 5= r(l 4 1ana)
Fillet welded joint, Mitre bend
or single-walded h wi i 152 0.9 1+cotat
sockel welding 1 1 3 :"l_ ,‘T‘Ids, stﬁc:;g 1§ K E hid F] r C
flange
Lap joint Aange
Welding tee per CSA
{with ANSI B16.9 1 1.6 Siangard " 1 -—:-5-3—9 aal D
lap joint stub) CAN/CSA-Z245.11
—
Screwed pipe joint, Reinforced 09 (t + 1/2 T)*7
or sorewed flange 1 2.3 tabricated lee. 1 T Sty ) E
with pad or saddle
Corrugaled pipe. .
Unreinforced 09 t
hi p -
A d. 5 25 tabricated tee 1 =2 - F

*The flexibility factors and stress intensification factors apply to fittings of the same nominal wall
thickness as the pipe used in the pipeline system, and shall in no case be taken as less than unity.
They apply over the effective arc length (shown by dash-dot lines in the sketches) for curved and
mitre elbows, and to the intersection point for tees.
t Where flanges are attached to one or both ends, the values of k and i in the Table shall be
multiplied by the foHowin}g factors:

One end flanged: (h)!7%

Both ends flanged: (n)'/3
t Subject to the limitations of Clause 7.2.3(e).
§Also includes single-mitre joint.
**Factors shown apply to bending. Flexibility factor for torsion equals 0.9.
Note: Designers are cautioned that specific cases may require more comprehensive analysis than
that specified in Clause 5.19.
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Sketch B

R=-£—(1+cota) !

Sketch C Sketch D

Sketch E Sketch F
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FRP Stress

Fiber Reinforced Plastic Pipe Stress

PD
Hoop stress: Sy = oY
m

v (iiMi)Z"'(ioMo)Z

. . PD F
Longitudinal stress: §;, = Y ot
m

7z
: M
Torsional stress: Sp = Z_Zt
2 2
S1,—SH M,
Shear stress: Sey = (—) + (_
SH 2 27
; . SL+S
Maximum principal stress: Sp = = - L+ Sey

. S
Maximum shear stress: Sg = max (713, SSH)

2
Octahedral shear stress: Sy = ﬁ_f\/(@) + 3(Sgy)?

where
P = pressure
D = outside diameter

minimum thickness

o~
K
[l

in-plane stress intensification factor

out of plane stress intensification factor

; in plane bending moment

0 out of plane bending moment
torque

section modulus

axial force

2TmNTEES
[

= cross-section area
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Operating Stress for NDE

This function is available to users who wish to inspect or examine high stress areas (Non-
Destructive Evaluation, NDE) of piping that have high “operating stresses.”

While B31.1 and B31.3 piping codes do not consider the operating condition (W+P+T) as a required load
case for code compliance, you may, however, evaluate this load case the same way as you would
the other code compliance cases such as Sustained (W+P) and Expansion (T). CAEPIPE
will show columns displaying Operating Stress (S,,) and Allowable stress (S,;) alongside the
code required stresses even though the Operating Stress is not a code requirement.

To display these columns, you will have to turn them on first: (mouse right click) > Show
Operating Stress for NDE.

=E= Caepipe : B31.3 [2010] Code compliance [Sorted strezzes] - [Sample.re... =] E3

File Results Wiew Options Window Help

S EEE a® == BE
Sustained E =pansion
# 5L [sH L SE [sa  [sE

Mode [ (psil |[psl |SH |Mode |(psil |ipsil |5A&
80 | 2533|17900| 014|130 | BE7ER|29475(1.79
B0 |2205|17900| 012|580  [50365 (29475 (1.
00| 2133|17300 | 012 ) 204 47568 (29475 (1
30 |2033|17900| 01| 208 [ 33541 (29475 (1
10 | 144817300 00810 [ 32123 [ 29475 (1
0B |1083|17300|0.06) 80 |27166 [ 29475 (0.
20B |980 |17900|0.05) 404 (18838 (29475 (0. Results...
1]
1]
1]

Show Stresses

Show Stress Ratios
Thresholds., ..

Shaow Operating Skress for NDE

Hide allawables

208 1937 17300 0.05)60 (17572 (23475 Mext Result
B0 |924 |17300|0.05| 70 (12275 (29475 Previous Result
404 1902 (17300 0.05] 408 (10224 [ 25475
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Operating Stress for NDE

=E: Caepipe : B31.3 [2010] Code compliance [Sorted strezzesz] - [Sample.re... =] E3
Eile Resulks Miew ©Options  Window Help
S EEED @& == BE
Sustained E pansion Operating Stress for NDE

B SL |SH SL SE S SE Sopr | 5al | Sopr

Mode | [pzi] |[pz] |5H |Mode|(psi] |[ps] |54 |Mode|(pzi] |(p=] |5Sall
1 |80 (253317900 0714)30 (52765 |29475(1.73] 30 B1520 | 47375 (1.09
2 |60 |zz05|17900|012|50  |S0%65 | 29475 |1 71| S0 BO5T | 47375 (1.07
(3 |70 |2123]17900( 012 206 | 47360 | 29475 161 | 200 | 43725 | 47975 (002
(4 (30 |20%3|17900{ 011|208 |33541 (29475 (114|208 | 32188 | 47375 [06s
(5 (10 |1448|17900{008 |10 |32123|29475(1.09)10 28281 | 47375 [ 0.BD
5 408 |1053|17900|0.05|50 27165 (29475 (092|408 [17201 |47375 (038
(7 [208 {980 |17900{0.05| 408 |18833| 29475 (064 | B0 104596 | 47375 [0.22
'8 200 [937 |17900{0.05|60 17572 | 29475 (060|408 |10303 | 47375 (022
(9 (50 |924 |17a00{005|70  |12275| 29475 |04z| Fo 072 | 47375 (006
(10{ 408 {902 |17900{ 005|408 |10284 | 29475 (035 60 1609 | 47375 (0.03

This allowable stress is NOT specified nor recommended by B31.1/B31.3 piping codes but,
as mentioned above, may aid you in identifying regions of high combined stress in your
piping system, which may warrant a closer examination in your engineering judgment.

The equation used to calculate the operating stresses is modeled along the lines of a piping
code specified stress equation. The three components of the equation are:

1. Axial stress combined with the longitudinal pressure stress,
2. Bending stress from in-plane and out-of-plane bending moments, and
3. A torsional stress from the totrsion term.

The allowable stress for this case is simply a combination of the sustained and the thermal
allowable stresses.

Note that the Operating Stress is calenlated and shown only for the first Operating case (W+P1+17).
Details follow.
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Operating Stress for NDE

The stress (S

opn) due to operating loads (pressure, weight and thermal load T)) is calculated as

Sopr = Sa (S + (25)2 < Sy
PD F
4, +ZJ

vV (iiMi)2+(ioMo)2

A

Operating 1

J Operating 1

M,

127 Operating 1

maximum of CAEPIPE input pressures P1, P2 and P3

outside diameter

nominal wall thickness

un-corroded cross-sectional area of the pipe

longitudinal force

in-plane stress intensification factor according to analysis code selected in
CAEPIPE

out-of-plane stress intensification factor according to analysis code selected in
CAEPIPE

Note: If the analysis code selected provides only the stress intensification i, then i; = i, = L.

= in-plane bending moment

factor for loose type flanges (from Fig. 2-7.5)

factor for loose type flanges (from Fig. 2-7.4)

un-corroded section modulus; for reduced outlets / branch connections, effective
section modulus

= f(l.ZSScold + O.ZSShot) + Shot

= basic allowable stress at T

stress range reduction factor = 6/N"
Number of equivalent full-range thermal cycles

ref

basic allowable stress at CAEPIPE input temperature T
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Thickness and Section Modulus used in Weight, Pressure and Stress Calculations for ANSI B31.x Codes

Particulars Allowable Pressure Pipe Weight Sustained Stress Expansion Stress Occasional Stress
B31.1 (2012)
Pipe  Thickness | Nominal ~Thk. x  (1-mill
used tolerance/100) -  Corrosion | Nominal Thickness Nominal Thickness - Nominal Thickness
allowance
Section Modulus Uncorroded Section Mo_dulus; _ Uncorroded Section Modulus: Uncorroded Section Modulus; _
d - - For Branch, effective section . . For Branch, effective section
use For Branch, effective section modulus
modulus modulus
B31.3 (2012)
Pipe - Thickness | Nominal ~ Thk. x  (1-mill Nominal Thickness - Corrosion Nominal Thickness — Corrosion
used tolerance/100) -  Corrosion | Nominal Thickness -
allowance allowance
allowance
Section Modulus Corroded Section MOdL-J|US; _ Uncorroded Section Modulus: Corroded Section Mo_dulus; _
used - - For Branch, effective section r . . For Branch, effective section
or Branch, effective section modulus
modulus modulus
B31.4 (2012)
Pipe ~ Thickness | Nominal Thk. x  (1-mill
used tolerance/100) -  Corrosion | Nominal Thickness | Nominal Thickness - Nominal Thickness
allowance
Section Modulus Uncorroded Section Mo_dulus; _ Uncorroded Section Modulus: Uncorroded Section Modulus; _
d - - For Branch, effective section . . For Branch effective section
use For Branch, effective section modulus
modulus modulus
B31.5 (2013)
Pipe  Thickness | Nominal ~Thk. x  (1-mill . . . _ _ _
used tolerance/100) —  Corrosion | Nominal Thickness Nominal Thickness - Corrosion ) Nominal Thickness — Corrosion
allowance allowance allowance
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Thickness and Section Modulus used in Weight, Pressure and Stress Calculations for ANSI B31.x Codes

Particulars Allowable Pressure Pipe Weight Sustained Stress Expansion Stress Occasional Stress
Section Modulus Corroded Section Modu_lus; _ Uncorroded Section Modulus; Corroded Section Mo?lulus; _
d - - For Branch, effective section . . For Branch, effective section
use For Branch, effective section modulus
modulus modulus
B31.8 (2012)
Pipe  Thickness
used Nominal Thk. Nominal Thickness Nominal Thickness - Nominal Thickness
Section Modulus Uncorroded Section Mo'dulus; . Uncorroded Section Modulus: Uncorroded Section Modulus; .
d - - For Branch, effective section . . For Branch, effective section
use For Branch, effective section modulus
modulus modulus
B31.9 (2008)
Pipe  Thickness | Nominal Thk. x  (1-mill
used tolerance/100) -  Corrosion | Nominal Thickness Nominal Thickness - Nominal Thickness
allowance
Section Modulus Uncorroded Section Mo_dulus; _ Uncorroded Section Modulus: Uncorroded Section Modulus; _
d - - For Branch, effective section . . For Branch, effective section
use For Branch, effective section modulus
modulus modulus
Note:

1. Corrosion allowance includes thickness required for threading, grooving, erosion, corrosion etc.

2. Uncorroded section modulus = section modulus calculated using the nominal thickness.

3. Corroded section modulus = section modulus calculated using the “corroded thickness”

corroded thickness = nominal thickness — corrosion allowance

4. Effective section modulus = section modulus calculated using effective branch thickness, which is lesser of ity or t,
where, t, = branch nominal thickness, t, = header nominal thickness, i; = in-plane SIF at branch
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APl Standards 610/ 1SO 13709

API 610 (Tenth Edition, 2004) / ISO 13709 for Pumps

The allowable nozzle forces and moments for pumps are taken from Table 4 of the tenth
edition of API Standard 610 / ISO 13709.

Table 4 — Nozzle loadings

Sl units
Nominal size of flange (DN)
% 50 80 100 150 200 250 300 350 400
Forces (N)
Each top nozzle
Fy 710 1070 1420 2450 3780 5340 6670 7120 8450
Fy 580 890 1160 2080 3110 4 450 5340 5780 6670
Fz 890 1330 1780 3110 4 890 6 670 5000 8 900 10 230
Fgr 1280 1930 2560 4 480 6920 9630 11700 | 12780 | 14 850
Each side nozzie
Fy 710 1070 1420 2450 3780 5340 6 670 7120 8450
Fy 890 1330 1780 3110 4 890 6 670 & 000 8 900 10 230
Fr 580 890 1160 2050 3110 4 450 5340 5780 6670
Fgr 1280 15930 2 560 4 480 6520 9630 11700 | 12780 | 14 850
Each end nozzle
Fy 890 1330 1780 3110 4 890 6 670 5000 8 900 10 230
Fy 710 1070 1420 2490 3780 5340 6670 7120 8450
Fz 580 890 1160 2030 3110 4 450 9340 5780 6670
Fr 1280 15930 2 560 4 480 6520 9630 11700 | 12780 | 14 850
Moments (N-m)
Each nozzle
My 460 950 1330 2300 3530 5020 6100 6370 7320
My 230 470 680 1180 1760 2440 2980 3120 3660
Mz 350 720 1000 1760 2580 3 800 4610 4 750 5420
Mg 620 1280 1800 3130 4710 6 750 8210 8 540 9820
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API Standards 610 / ISO 13709

Table 4 — Nozzle loadings (confinued)

US Customary units
Nominal size of flange (NPS)
£2 ‘ 3 ‘ 4 | 8 ‘ 8 ‘ 10 ‘ 12 ‘ 14 | 186
' ' ' Forces (Ibf) ' ' '
Each top nozzle
Fy 160 240 320 560 830 1200 1500 1 600 1900
Fy 130 200 260 460 700 1000 1200 1300 1500
Fz 200 300 400 700 1100 1500 1800 2000 2300
Fr 290 430 570 1010 1560 2200 2600 2900 3300
Each side nozzle
Fy 160 240 320 560 830 1200 1500 1 600 1900
Fy 200 300 400 700 1100 1500 1800 2000 2300
Fz 130 200 260 460 700 1000 1200 1300 1500
Fr 290 430 570 1010 1560 2200 2600 2500 3 300
Each end nozzle
Fy 200 300 400 700 1100 1500 1800 2 000 2 300
Fy 160 240 320 560 850 1200 1 500 1 600 1900
F7 130 200 260 460 700 1000 1200 1300 1500
Fr 290 430 570 1010 1560 2200 2600 2900 3300
Moments (ft-1bf)
Each nozzle
My, 340 700 980 1700 2600 3700 4500 4700 5400
My 170 350 500 870 1300 1800 2200 2 300 2700
Mz 260 530 740 1300 1900 2 800 3400 3 500 4000
Mg 460 950 1330 2310 3500 5000 6100 6 300 7200

NOTE 1 See Figures 20 through 24 for orientation of nozzle loads (X, Y and Z).

NOJE 2 Each value shown above indicates range from minus that value to plus that value; for example 160 indicates a range
from —160 to +160.

The coordinate systems and nozzle orientations for various pump configurations are shown next.
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API Standards 610 / ISO 13709

Key

1 shaft centreline
2 discharge

3 suction

Figure 20 — Coordinate system for the forces and moments in Table 4 — Vertical in-line pumps

Key

1 shaft centreline
2  discharge

3 suction

Figure 21 — Coordinate system for the forces and moments in Table 4 — Vertically suspended
double-casing pumps
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API Standards 610 / ISO 13709

Key

1 shaft centreline

2 discharge nozzle
3 suction nozzle

4 centre of pump

5 pedestal cenfreline
6 vertical plane

Figure 22 — Coordinate system for the forces and moments in Table 4 — Horizontal pumps with side
suction and side discharge nozzles

shaft centrefine
discharge nozzle
suction nozzle
cantre of pump
pedestal centreline
vertical plane

cna.-nmm_.g

Figure 23 — Coordinate system for the forces and moments in Table 4 — Horizontal pumps with end
suction and top discharge nozzles
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API Standards 610 / ISO 13709

@ o B W N =

shaft centreline
discharge nozzle
suction nozzle
centre of pump
pedestal centreline
vertical plane

Jo N/
-

/
L

Figure 24 — Coordinate system for the forces and moments in Table 4 — Horizontal pumps with top

nozzles
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API Standards 610/ 1SO 13709

Criteria for Piping Design
The criteria for piping design are taken from Appendix I of the API 610.
F.1 Horizontal pumps

F.1.1  Acceptable piping configurations should not cause excessive misalignment between the pump and
driver. Piping configurations that produce component nozzle loads lying within the ranges specified in Table 4
limit casing distortion to one-half the pump vendor's design criterion (see 5.3.3) and ensure pump shaft
dizsplacement of less than 250 pm {0,010 in).

F.1.2 Piping configurations that produce loads outside the ranges specified in Table 4 are also acceptable
without consultation with the pump vendor if the conditions specified in F.1.2 a) through F.1.2 ¢) below are
satisfied. Satisfying these conditions ensures that any pump casing distortion will be within the vendor's
design crteria (gee 5.3.3) and that the displacement of the pump shaft will be less than 380 pm {0,015 in).

a) The individual component forces and moments acting on each pump nozzle flange shall not excesed the
range specified in Table 4 {T4) by a factor of more than 2.

b} The resultant applied force (Fgey, Frpa) @and the resultant applied moment (Mpcs, Mrps) acting on each
pump nozzle flange shall satisfy the appropriate interaction equations below.

[Frea/ (1.5 % Frerall + [Mpga / (1.5 % Mpgral] = 2 (F.1)
[Frpa / (1,5 % Frpra)] + [Mgpa/ (1.5 % Mpprad] = 2 (F2)

¢} The applied component forces and moments acting on each pump nozzle flange shall be translated to the
centre of the pump. The magnitude of the resultant applied force (Fgpp), the resultant applied moment
(Mgea), and the applied moment shall be limited by Equation (F.3), Equation (F.4) and Equation (F.5)
{the sign conventicn shown in Figure 20 through Figure 24 and the right-hand rule should be used in
evaluating these equations).

Froa < 1,5 (FrsT4+ FROT4) (F.3)

| Mycal< 2,0 (Mygra+ Myprs) (F.4)

Mpea < 1,5 (MpgTa + MppTa) (F.5)
where

Froa = [(Fxga)? + (Fycal + (Fzpa )08

where
Fypa=Fyusa + Fyon
Fygp = Fysa+ Fypa

Fzop = Fzsa+ Fapa

Mpoa = [(Myca 1 + (Myca 1 + (MzgaP108

where
Myca = Mysa + Mypa — [(Fysa) (25) + (Fypal=D) - (Fzga) (v5) — (Fzpa) (xD)J1 000
Mypa = Myop + Mypp + [(Fyep) (25) + (Fypa)(zDN - (Fzeplx5) — (Fzpg) (xD)]F1 000
Mzca = Mzsa + Mapa — [(Fysa) S) + (Fypa)(D) — (Fyga) (x5) — (Fypa) (xD))/1 000

In USC units, the constant 1 000 shall be changed to 12. This constant is the conversion factor to change
millimetres to metres or inches to feet.

F.1.3 Piping configurations that produce loads greater than those allowed in F.1.2 shall be approved by the
purchaser and the vendor.
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API Standards 610/ 1SO 13709

F.2 Vertical in-line pumps

“ertical in-line pumps that are supported only by the attached piping may be subjected to component piping
loads that are more than double the values shown in Table 4 if these loads do not cause a principal stress
greater than 41 Mimm2 (5 950 psi) in either nozzle. For calculation purposes, the section properties of the
pump nozzles shall be based on Schedule 40 pipe whoze nominal size is equal to that of the appropriate
pump mozzle. Equation (F.6), Equation (F.7), and Equation (F.8) can be used to evaluate principal stress,

longitudinal stress and shear stress, respectively, in the nozzles.

Far 51 units, the following equations apply:

o, = (0/2) + (24 + 205 < 41 (F-6)
oj=[1,27 % Fy /(D2 — D3] + [10 200 x D, (M2 + Mz2)25] 1 (D* - D% (F.7)
T=[127 x (Fx 2+ F2)5 1/ (D, - D) + [5 100 = Dy ( Myl ) 1/ (D - DY (F.8)

For USC units, the following equations apply:

gy = (0/2) + (c%4+ r%) 05 < 5 950 (F.3)

= [1,27 x Fy /(D2 - D21 1+ [122 x D, (M2 + Mz2)08] (D% - D4y (F_10)

r=[1,27 x (Fx 2= Fz2)021 /(D2 - D) + [61 = Do ( Myl ) 1/ (D * - DY (F.11)
where

o is the principal stress, expressed in MPa (Ibfiing);

q is the longitudinal stress, expressed in MPa (Ibfind);

T is the shear stress, expressed in MPa (Ibfiind);

Fy iz the applied foree on the X axis;

Fy iz the applied force on the Y axis;

F3 iz the applied force on the Z axis;

My iz the applied moment on the X axis;

My iz the applied moment on the ¥ axis;

Mz iz the applied moment on the Z axis;

D I are the inner and outer diameters of the nozzles, expressed in millimetres (inches).

"o

Fy, Fy. Fz. My, My, and M7 represent the applied loads acting on the suction or discharge nozzles; thus,
subscripts 5, and D, have been omitted to simplify the equations. The sign of F, is positive if the load puts
the nozzle in tension; the sign is negative if the load puts the nozzle in compression. One should refer to
Figure 20 and the applied nozzle loads to determine whether the nozzle iz in tension or compression. The
absolute value of My should be used in Equations (F.8) to (F.11).
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API Standards 610/ 1SO 13709

F.2 Nomenclature

The following definitions apply to the sample problems in F.4

where

C

Subscript A

is the centre of the pump. For pump types OH2 and BB2 with two support pedestals, the centre
iz defined by the intersection of the pump shaft centreline and a verfical plane passing through
the centre of the two pedestals (see Figure 23 and Figure 24). For pump types BB1, BE3, BB4
and BBS with four support pedestals, the centre is defined by the intersection of the pump shaft
centreline and a vertical plane passing midway between the four pedestals (see Figure 22);

is the discharge nozzle;

is the inside diameter of Schedule 40 pipe whose nominal size is equal to that of the pump
nozzle in question, expressed in millimetres (inches);

is the outside diameter of Schedule 40 pipe whose nominal size is equal to that of the pump
nozzle in question, expressed in millimetres (inches);

is the force, expressed in newtons {pounds force);

is the resultant force. (Fgg, and Fgp, are calculated by the sgquare root of the sum of the
squares method using the applied component forces acting on the nozzle flange. Fgery and
Frpta are extracted from Table 4, using the appropriate nozzle size);

is the moment, expressed in newton metres (foot-pounds force);

is the resultant moment. (Mpge and Mppa are calculated by the sguare root of the sguares
method using the applied component moments acting on the nozzle flange. Mpeq, and Mo,
are extracted from Table 4 using the appropriate nozzle size);

is the principal stress, expressed in megapascals (pounds force per square inch);

is the longitudinal stress, expreased in newtons per square millimetre (pounds per square inch];
is the shear stress, expressed in newtons per square millimetre (pounds per sguare inch);

is the suction nozzle;

are the location coordinates of the nozzle flanges with respect to the centre of the pump,
expressed in millimetres (inches);

are the directions of the load (see Figures 20 to 24);

is an applied load;

Subscript T4 is a load extracted from Takble 4.
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NEMA SM-23

NEMA SM-23 (1991) for Turbines
There are two types of allowables.

1. Allowables for each nozzle and

2. Combined allowables for each turbine.

1. Allowables for each Nozzle

The resultant force and the resultant moment at any connection must not exceed
3Fg + Mg < 500D,

where
Fr = resultant force at the nozzle (Ib)
My = resultant moment at the nozzle (ft.-Ib)

S
I

= nominal pipe size (inches) of the connection up to 8” in diameter
= (16 + Dy )/3 If the size is greater than 8”

2. Combined Allowables for the Turbine

The combined resultants of the forces and moments at the inlet, exhaust and extraction
nozzles resolved at the centerline of the exhaust nozzle must not exceed the following two
conditions:

(a) These resultant should not exceed:

2F; + M < 250D

where

Fr = combined resultant of inlet, exhaust and extraction forces (Ib)

M; = combined resultant of inlet, exhaust and extraction moments (ft.-1b.)

D¢ = diameter (in inches) of a circular opening equal to the total areas of the inlet, exhaust

and extraction nozzles up to a value of 9” in diameter
= (18 + Equivalent diameter) / 3 (in.) For values > 9”

(b) The components of these resultants shall not exceed:

FX = SODcMX = 250DC
Fy = 125DCMY = 125DC
FZ = 1OODcMZ = 125DC

where

Fy = horizontal component of Fy parallel to the turbine shaft
Fy = vertical component of Fg

F; = horizontal component of Fp at right angles to the turbine shaft
My = horizontal component of My parallel to the turbine shaft

My = vertical component of Mp
M; = horizontal component of My at right angles to the turbine shaft
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NEMA SM-23

| Y: Vertical

WS VN
Pea-N

Z: Perpendicular to turbine shaft X: Parallel to turbine shaft
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API 617

API 617 (Seventh edition, June 2003) for Compressors
1. Allowables for each Nozzle

The total resultant force and resultant moment imposed on the compressor at any
connection should not exceed

3E. 4+ M, < 927D,

Where

F. = resultant force at the Nozzle (Ib)

M, = resultant moment at the Nozzle (ft.-Ib)

D, = nominal pipe size (inches) of the connection up to 8” in diameter

= (16 + Dyom)/3 If the size is greater than 8”
2. Combined Allowables for Compressors

The combined resultants of the forces and moments of the inlet, sidestream, and discharge
connections resolved at the centerlines of the largest connection should not exceed the
following two conditions:

(a) The resultant should not exceed:

2F, + M, < 462D,

Where

F. = combined resultant of inlet, sidestream, and discharge forces (Ib)

M, = combined resultant of inlet, sidestream, and discharge moments, and moments
resulting from forces (ft.-1b)

D, = diameter of one circular opening equal to the total areas of the inlet, sidestream, and

discharge openings. If the equivalent nozzle diameter is greater than 9, use a value
of D¢ equal to (18 + Equivalent Diameter) / 3

(b) The components of these resultants shall not exceed:
E, =92D. M, = 462D,
E, = 231D, M, = 231D,
F, =185D., M, = 231D,

Where

F, = horizontal component of F_parallel to the compressor shaft (Ib)

F, = vertical component of F_(Ib)

F, = horizontal component of F_at right angles to be compressor shaft (Ib)

M, = component of M_around the horizontal axis (ft-b)

M, = component of M_around the vertical axis (ft-Ib)

M, = component of M_around the horizontal axis at right angles to the compressor (ft-Ib)

574



API 617

| Y: Vertical

¥ o™
Mx ﬂ

Z:: Perpendicular to compressor shaft X: Parallel to compressor shaft
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Import / Export



Import

CAEPIPE can import model data from a text file, which may be created using a text editor
and should have the extension: .mbf (model batch file). This text file may also be created for
an existing model using the Export command from the Layout window.

To import a model, select the menu command File > Import from the Main window.

~I* Caepipe =]
File Help

Mew, . Chrl4-r
CIpEmn. .. Chrl+0
Fecent models 3

Open last model  Enter
Cpen results, .

Preferences...

Al+F4

Ezxit

The Import Model dialog is shown.
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Import

Import Model from Batch File EE |
Look in: | () G50LM | « &k @
\_)Material_Library
| valve_Library
U Sample
File narne: ISampIe Imipart
Files of twpe: IMn:n:IeI batch file [*.mbf] j Cancel
kadel batch File [°.mbf]

PipeFak neutral file [*.pnf)
CAESAR Il neutral file [ cil)
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Import

Select the model batch file (.mbf) and then click on the Import button. The batch file will be
read and the corresponding model file (mod) will be created and then shown in the Layout
window which can be further modified or analyzed.

For detailed information on the .pnf and .cii file import capabilities please contact us at
support@sstusa.com.

Command line operation

Dragging and dropping an .mbf file on CAEPIPE.exe will import, analyze and produce the
results in .csv format and close the program. On the other hand, dragging and dropping the
.mod file on CAEPIPE.exe will open the .mod file. Using the command line, you may have
CAEPIPE analyze and produce a CSV results file thus:

C:\CAEPIPE\681> caepipe.exe sample.mbf (Enter)
Format of .MBF
The above command will produce a “sample.csv” file in the same folder as the .mbf file.

The input data is given in the following order. Except for the heading the start of each
section is indicated by a keyword. The data for that section follow. Only the first three
characters of the keyword are significant. See an example MBF at the end of this appendix.

Keyword Data

Heading
OPTIONS Program options
MATERIAL Material properties
SOILS Soil properties
PIPE Section properties
LOADS Loads data

BMATERIALS  Beam Materials
BSECTIONS Beam section properties

BLOADS Beam loads
LAYOUT Layout data
PUMPS Pump data
COMPRESSORS  Compressor data
TURBINES Turbine data
SEISMIC Seismic load
WIND Wind load
Heading

Any number of heading lines may be given. Only the first will be used as Title in the
CAEPIPE model.

OPTIONS
Hanger design

HGRA  Grinnell (Default)
HGRB  Bergen-Paterson
HGRC  Fee and Mason
HGRD Basic Engineers
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Import

HGRE  Power Piping

HGRF Nordon

HGRG  Carpenter and Paterson
HGRH NPS

HGRI  PTP

HGRJ  Corner and Lada
HGRK Elcen

Piping Code

B311 ANSI B31.1

B311-67 USAS B31.1 (1967)

B313 ANSI B31.3

B314 ANSI B31.4

B315 ANSI B31.5

B318 ANSI B31.8

B319 ANSI B31.9

ASME ASME Section 111, Class 2 (1980)
ASME-86 ASME Section 111, Class 2 (19806)
ASME-92 ASME Section 111, Class 2 (1992)
BS806 British code

NORWEIGIAN-83 Norwegian code (1983)
NORWEIGIAN-90  Norwegian code (1990)

RCC-M French code (1985)
SNCT CODETI (1995)
SWEDISH Swedish code (1978)
STOOMWEZEN Dutch code (1989)
7183 7183 (1990)

7184 7183 (1992)
EUROPEAN EN 13480 (2002)
Units

ST ST units (default is English units)
RAD Radians for angles (default is degrees)

Vertical Axis
Z Vertical axis is Z (Default is Y)
OPTIONS Example

OPTIONS
HGRA,B311,RAD

MATERIAL
Name is Material Name (up to 3 characters). The values in square brackets ([...]) are optional.
English units

First line: Name, Density (Ib/in3), Poisson’s ratio, [Long. joint factot], [circ. joint factot]
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Following lines: Name, Temp (F), E (psi), alfa (in/in/F), [allowable stress (psi)], [yield stress
(psi)], [rupture stress (psi)]

ST units
First line: Name, Density (kg/m3), Poisson’s ratio, [Long. joint factot], [circ.joint factor]

Following lines: Name, Temp (C), E (N/mm?2), alfa (mm/mm/C), [allowable stress
(N/mm?2)], [yield stress (N/mm?2)], [ruptute stress (N/mm2)]

MATERIAL Example (English units)

MATERIAL

A53,0.283,0.300,1.00
A53,70,29.5E+6,6.07E-6,20000
A53,200,28.8E+6,6.38E-6,20000
A53,300,28.3E+6,6.60E-6,20000
A53,400,27.7E+6,6.82E-6,20000
A53,500,27.3E+6,7.02E-6,18900
ALU,0.098,0.330,1.00
ALU,70,10.0E+6,12_.25E-6,10000
ALU,150,9.80E+6,12.67E-6,10000
ALU,200,9.60E+6,12.95E-6,9800
ALU,250,9.40E+6,13.12E-6,9000
ALU,300,9.20E+6,13.28E-6,6600

SOILS (Soil properties)
Soil properties are input as follows:

Note:

Name is Soil Name (up to 3 characters)

Type must be 0 or 1 (1 = Cohesive; 0 = Cohesive less)
If Type = 0, then Delta and Ks is required

If Type = 1, then Strength is required

English units

Name, Type (0 or 1), Density (Ib/ft3), Ground level (ft'in”), [Strength (psi) /Delta (deg or
rad], [Ks]

SI units

Name, Type (0 ot 1), Density (kg/m3), Ground level (mm), [Strength (N/mm?2) / Delta (deg
or rad |, [Ks]

PIPE (Section properties)

Section properties are input as follows for pipe sections:
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Note:

Name is Section Name (up to 5 characters).

OD must be actual OD and not Nominal pipe size (e.g., input 2.125 and not 2.0 for 2”7 NPS)
Thk must be an actual numerical value and not a schedule.

Soil name is Name of the soil (up to 3 characters). It should be defined in the soil section
before use in this section.

English units

Name, OD (inch), Thk (inch), Corrosion allowance (inch), Mill tolerance (%), Insulation
density (Ib/ft3), Insulation Thk (inch)

ST units

Name, OD (mm), Thk (mm), Corrosion allowance (mm), Mill tolerance (%), Insulation
density (kg/m3), Insulation Thk (mm), Lining density (kg/m3), Lining Thk (mm), Soil name

PIPE Example (English units)

PIPE
8,8.625,0.5,0,0.0,11,2
6,6.625,0.28,0,0.0,11,2

LOADS (Load data)
Load data are input as follows:

Note:
Name is Load Name (up to 3 characters).
T2, P2, T3 and P3 are Temperature 2, Pressure 2, Temperature 3 and Pressure 3 respectively.

English units

Name, Temperature 1 (F), Pressure 1 (psi), Specific Gravity, [12,P2,T3,P3, Additional weight
(Ib/f1)]

SI units

Name, Temperature 1 (c), Pressure 1 (bar), Specific Gravity, [12,P2,T3,P3, Additional weight
(kg/m)]

BMATERIALS (Beam Materials)

Name is Material Name (up to 3 characters). The values in square brackets ([...]) are optional.
English units

Name, Young’s Modulus (psi), [Poisson’s ratio, Density (Ib/in3), Alfa (in/in/F)]

SI units

Name, Young’s Modulus (Mpa), [Poisson’s ratio, Density (kg/m3), Alfa (mm/mm/c)]
BSECTIONS (Beam Sections)

Name is Beam Section name (up to 3 characters). The values in square brackets ([...]) are
optional.
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English units

Name, Axial area (in2), Major moment of inertia (in4), Minor moment of inertia (in4),
[Torsional inertia (in4), Major shear area (in2), Minor shear area (in2), Depth (inch), Width
(inch)]

ST units

Name, Axial area (mm?2), Major moment of inertia (mm4), Minor moment of inertia (mm4),
[Torsional inertia (mm4), Major shear area (mm2), Minor shear area (mm2), Depth (mm),
Width (mm)]

BLOADS (Beam Loads)

Name is Beam Load name (up to 3 characters). The values in square brackets ([...]) are
optional.

English units

Name, T1 (F), [T2 (F), T3 (F), Additional weight (Ib/ft)]
SI units

Name, T1 (c), [T2 (c), T3 (c), Additional weight (kg/m)]
LAYOUT

The piping layout is entered as a (key letter-data) pair, which may be input in any order. The
exceptions to this convention are the comments which must always appear last. The pairs are
separated by commas. A data line which contains only continued comments (from the
previous line) is acceptable. A list of key letters follows:

From node

To node

Hydro test Load

Location node

Code for node

Material number

Pipe (Section) property number
Joint code

X offset

Y offset

Z. offset

Bend radius

Comments (separated by commas)
Model comments (Example: * Node 230 = P-427B Suction)

FOWNK K — T2 7 C T AT

LAYOUT Example (English units)

LAYOUT
F10,KA,M5,P12,CT=650,P=500
T20,KI1,X10°8-1/2,B20
130,78
T40,JR,X176,CWGT=250
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F (From)

T (To)

L (Location)

K (Code)

M (Material)

P (Pipe)

J (Joint Code)

From node is specified. When a new branch is started, the first node of
the branch is specified as a “From” node. The X, Y and the Z fields are
taken as coordinates rather than offsets from the previous node.

To node is specified. This is a “To” node from the previous “From” node
or the previous “To” node (but not from the previous “Location node”).

Location node is used to input additional data at a node when the node has
more than one data item such as a hanger/force, etc.

The following codes may be used:

Code Description

A Anchor

B Branch connection

H Hinge (To node only)

M Miter bend (To node only)
I Tangent intersection (To node only)
T Welding Tee

S Sweepolet

W Weldolet

F Fabricated Tee

E Extruded Tee

R Radiused branch

P Branch on thickened pipe

A material is retained until altered. Another material should be entered
only when there is a change.

A pipe (section property) is retained until altered. Another section

property should be entered only when there is a change.

Code Description

Ball joint
Cut pipe
Reducer
Expansion
Jacket bend
Elastic element
Beam
Jacket pipe
Rigid

Slip joint
Tierod
Valve

<Hvzm~"ZCo-TTDgow

The weight of a rigid joint or a valve should be entered using a WGT
comment. The stiffnesses of the expansion joint should be entered using
an ES comment and the pressure thrust area should be entered using the
TA comment.
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X,Yand Z

B (Bend Radius)

C (Comment)

The offsets May be entered in combination of feet, inches and fractions of
an inch for English units and mm for SI units.

Example (English units)

Entry Value
-10 -10 ft
10’8 or 10-8 10 ft 8 in
0’8 or 0-8 8in

10.5 10 ft 6 in

1°6-3/8 or 1-6-3/8 1£t6.3751n

The bend radius (inch or mm) is entered only if a tangent intersection(i.e.,
Bend, Jbend and Miter Bend) has been specified. The default is the long
radius for the bend and jacketed bend.

The comment section allows entry of data related to a particular node or
element. For example, a pipe end specified as a hinge would have the
rotational spring constant and the direction vector entered in the comment
section. A line temperature can be entered as comment and is retained
until changed. Multiple comments may be entered separated by commas.
If the last comment is followed by a comma, the comment is continued on
the next line.

*(Model comment) The model comment section allows entry of notes relevant to analysis

model. The model comment can e up to 70 characters.
Example: *Load cases considered for analysis are T1 and P1.

The comments are as follows:

AMB

AWGT

BTHK

BMAT

BK

BSIF

Ambient or reference temperature (F or C)
Default is 70 F.
Example: AMB=80

Additional weight for valve (Ib. or kg)

Use only for valve.
Example: AWGT=100

Bend thickness (inch or mm)
Use for Bend and Jbend (core).
Example: BTHK=6.01

Name of Bend Material (Up to 3 characters)
Should be defined in Material section before use.
Example: BMAT=BM]1

Bending stiffness (in-1b/deg or Nm/deg)
Use only for Bellows
Example: BK=10000

Bend SIF
In-plane
Out-plane
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BETA

CONE
CNOD

CLD

CRTCH

CS

CWGT

D or DIS

DV

DIS2

DIS3

ES

Example: BSIF(1.5,2.0)
For Piping code with one SIF, use in-plane=Out-plane=SIF
Example: BSIF (2.0,2.0)

Beta angle for Beam (deg or rad)
Use only for Beam
Example: BETA=90

Cone angle for reducer (deg. or rad.)

Connected to Node

Use for Guide, Hanger, Limit Stop, Rod Hanger, Skewed Restraint, User
Hanger and Constant Support

Example: CNOD=150

Cold load
Use only for User Hanger.
Example: CLD=1

Crotch radius for an extruded tee (inch or mm)
Example: CRTCH=1.25

Constant support spring
Example: CS=2: Two constant support springs

Concentrated weight (Ib or kg)
Use only for concentrated weight.
Example: CWGT=200

Specified displacements (Inch or mm)

Note: Entry of zero is ignored and not treated as a specified displacement.
Example: D(0.1,-0.25,0) or DIS(0.1,-0.25,0)

DX=0.1,DY=-0.25 or DISX=0.1,DISY=-0.25

Direction vector. DV (xcomp, ycomp, zcomp)
Use for Hinge, Snubber and Nozzle
Example: DV(1,-2,0)

Specified Displacement for Temperature 2 (inch or mm)

Use only for Anchor

Note: Entry of zero is ignored and not treated as a specified displacement.
Example: DIS2(1,-2,0)

Specified Displacement for Temperature 3 (inch or mm)

Use only for Anchor

Note: Entry of zero is ignored and not treated as a specified displacement.
Example: DIS3(1,-2,0)

Young’s modulus (psi or Mpa)
Use only for Nozzle
Example: E=28E6

Expansion joint stiffnesses
Axial(lb/in or N/mm)
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F or FIXD

FF

FIXR

FLANGE

FOR

FFOR

FTOR

FRCT

FREE

FRE

Lateral(Ilb/in or N/mm)
Tortsional(in-1b/deg or NM/deg)
Example: ES(1000,5000,200)

Translational restraint
Example: FIXD(1,0,1) : Restrain X and Z translations
FIXDX=1 or FX or FIXDX

Bend Flexibility factor
Use for Bends and Miter bends
Example: FF=1.5

Rotational restraint
Example: FIXR(0,1,0) : Restrain Y rotation.
FIXRY=1 or FIXRY

FLANGE = Type, where

Tvpe Description

WN  Weld neck flange

SO Single welded slip on

DW  Double welded slip on

SW  Socket welded

FW  Fillet welded

LJ Lap joint

TH Threaded

Example: FLANGE=TH (Threaded flange)

Force (Ib or N)
Use for Force and Harmonic load.
Example: FOR(100,0,-200) or FORX=100,FORZ=-200

Friction force (Ib or N)
Use for Slip joint
Example: FFOR=100

Friction torque (ft-Ib or Nm)
Use for Slip joint
Example: FTOR=100

Bending and Torsional friction Torque (ft-Ib or Nm).
FCRT(Bending, Torsional)

Use only for Ball joint

Example: FCRT(100,150)

Free anchor during hanger design
Example: FREE: Free all directions
FREEY: Free Y direction

Frequency (Hz)
Use only for Harmonic Load.
Example: FRE=30
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G Guide

GAP Tension and Compression gap (inch or mm)
GAP(Tension, Compression)
Use only for Tie rod.
Example: GAP(10,15)

GGAP Guide Gap (inch or mm)
Use only for guide
Example: GGAP=5

HSG Hydrotest Specific Gravity
Use only for Hydrotest Load
Example: HSG=0.7

HPRES Hydrostatic Pressure (psi or bar)
Use only for Hydrotest Load
Example: HPRES=3

HTYP Defines the Hanger Type. Refer to end of this appendix for details.
Use only for Hanger
Example: HTYP=16 (Grinnell)

IN1 Intermediate Node 1 for Bends
Node Number (>1 and < 9999)
Angle (deg or rad)
Use for Bend and Jbend
Example: IN1(300,30)

IN2 Intermediate Node 2 for Bends
Node Number (>1 and < 9999)
Angle (deg or rad)
Use for Bend and Jbend
Example: IN2(400,30)

INSF Insulation factor
Use only for Valve
Example: INSF=3.0

JCAP Jacked End Cap
Defines the data type Jacked End Cap
Example: JCAP

JMAT Jacket Material (up to 3 characters)
Use for Jpipe and Jbend
Example: JMAT=A53

JSEC Jacket Section (up to 3 characters)
Use for Jpipe and Jbend
Example: JSEC=N10

JLOAD Jacket Load (up to 3 characters)
Use for Jpipe and Jbend
Example: JLOAD=L3
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JTHK

JR

K

KR

KTIE

LS

LOAD

LEN

L1

1.2

LONG

LXAX

LYAX

Jacket Thickness (inch or mm)
Use only for Jbend

Jacket Radius (inch or mm)
Use only for Jbend.
Example: JR=6.75

Translational stiffness (Ib/inch or N/mm)

Use for Skewed restraint
Example: K=500,DV(1.5,-0.75,0.25)

Rotational stiffness (in.-1b./deg. or N-m/deg)
Use for Skewed restraint
Example: KR=1200,DV(1.2,2.5,0)

Tension and Compression stiffness. KTIE(Tension, Compression) (Ib/in
or

N/mm). Use only for Tie rod

Example: KTTE(1000,1500)

Limit stop

LS(M1,M2)

M1=allowable movement in negative direction (in. or mm)
M2=allowable movement in positive direction (inch or mm)
Example : L§(-1.0,1.5), DV(0,1,0), MU=0.3

Beam load reference (up to 3 characters)
Note: Beam load should be defined in BLOADS section before use.
Example: LOAD=B1

Length (inch or mm)
Use only for Branch SIF with type Branch on Thickened Pipe
Example: LEN=5

Length 1 (ft-in or mm)
Use to define “L” for API 650 Nozzle and “L.1” for WRC 297 Nozzle
Example: L1=3’0" or L1=900

Length 2 (ft-in or mm)
Use only for WRC 297 Nozzle to define “L2”
Example: L2=40" or 1.2=1200

Cut long (inch or mm)
Use only for Cut pipe.
Example: LONG=100

Local X axis. LXAX(xcomp, ycomp, zcomp)
Use only for Elastic Element
Example: LXAX(1,0,0)

Local Y axis. LYAX(xcomp, ycomp, zcomp)
Use only for Elastic Element
Example: LYAX(0,1,0)
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MAT

MM

MLV

MOM

MU

NOD

NTHK

NOZZLE

OD1
OD2
OFFSET

PAD

PH

P or PRES

ROT

RLIM

Beam material reference (up to 3 characters)

Note: Beam material should be defined in Beam material (BMATERIALS)
section before use.

Example: MAT=M1

Mismatch (inch or mm)
Use only for weld
Example: MM=5

Maximum load variation (%) in hanger design
Default is 25%.
Example: MLLV=30

Moment (ft-Ib or NM)
Example: MOM(200,-100,0) or MOMX=200, MOMY=-100

Friction co-efficient
Example: MU=0.3

Nozzle outside diameter (inch or mm)
Example: NOD=104

Nozzle thickness (inch or mm)
Example: NTHK=6.01

Defines the Nozzle data type. (650 or 297)
Example: NOZZILE=650 (API 650) or NOZZLE=297 (WRC 297)

Outer diameter at from end for the reducer (inch or mm)
Outer diameter at to end for reducer (inch or mm)

Offset of concentrated weight from node or additional weight of valve
from the center of valve (inch or mm)

OFFSET(X offset, Y offset, Z offset).

Example: OFFSET(0,18,0)

Thickness of reinforcement for fabricated tee (inch or mm)
Example: PAD=0.25

Phase (deg or rad)
Use only for Harmonic Load
Example: PH=10

Pressure (psig or bar)
Example: P=500

Specified rotation (deg or rad)

Note: Entry of zero is ignored and not treated as a specified rotation.
Example: ROT(1.5,0,-0.25)

ROTX=1.5,ROTZ=-0.25

Rotation limit (deg or rad)
Use only for Hinge
Example: RLIM=10

591



Import

ROTL

ROTK

ROT?2

ROT3

RPAD

RK

SG

SIF

SHORT

SEC

SEIS

SERO

SETT

Rotational limit in Bending and Torsion
ROTL(Bending, Torsion) (deg or rad)
Use only for Ball joint

Example: ROTL(10,20)

Rotational stiffness. ROTK (kxx, kyy, kzz) (deg or rad)
Use for Anchor and Elastic element
Example: ROTK(5,6,3)

Rotational Displacement for Temperature 2. (deg or rad)
ROT2(kxx, kyy, kzz)

Use only for Anchor

Example: ROT2(10,15,10)

Rotational Displacement for Temperature 3. (deg or rad)
ROT3(kxx,kyy,kzz)

Use only for Anchor

Example: ROT3(10,15,10)

Fillet radius (inch or mm)
Use only for Branch SIF (Radiused Branch and Branch Connection)
Example: R=10

Reinforcing Pad (0 or 1)
Use only for Nozzle (API 650)
Example RPAD=1

Rotational Stiffness in Bending and Torsion.
RK(Bending, Torsion) (ft-1b or Nm)

Use only for Ball joint

Example: RK(100,150)

Specific Gravity
Example: SG=0.8

Stress intensification factor at node. SIF=value or SIF(in-plane, Out-plane)
Example: SIF=1.3 or SIF(1.5,2.0)

Cut short (inch or mm). Use only for Cut pipe.
Example: SHORT=100

Beam section reference (up to 3 characters)

Note: Beam section should be defined in Beam section (BSECTIONS)
before use.

Example: SEC=BSI1

Seismic displacement (inch or mm) (x,y,z)
Example: SEIS (-0.25, 0.00, -0.25)

Seismic rotation (deg or rad) (rx,ry,rz)
Example: SERO (0.25, 0.00, 0.25)

Settlement displacement (inch or mm) (x,y,z)
Example: SETT (-0.25, -0.25, -0.25)
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SPIDER

SR

STIFF

STRO

T or TEMP

TA

THK

THK1

THK2
THKF

TRAK

TJOINT

U or UNIF

US

VS

VOD

VTHK

Defines the data type SPIDER
Example: SPIDER

Turn on the option Short range.
Use only for Hanger.
Example: SR

Stiffness (Ib/in or N/mm)
Use for Guide, Limit stop and Snubbers
Example: STIFF=1000

Settlement rotation (deg or rad) (rx,ry,rz)
Example: STRO (0.15, 0.15, 0.15)

Temperature (F or C)
Example: T=650

Pressure thrust area for bellows and Slip joints (in2 or mm?2).
Example: TA=12.3

Thickness (inch or mm)
Use only for Branch SIF (Radiused Branch & Branch on Thickened Pipe)
Example: THK=10

Thickness at from end for reducer (inch or mm)
Thickness at to end for reducer (inch or mm)

Thickness factor
Use only for Valve.
Example: THKF=3.0

Translational Stiffness (Ib/in or N/mm). TRAK (kx,ky,kz)
Use for Anchor and Elastic element.
Example: TRAK(1000,1500,2000)

Defines the Threaded Joint
Example: TJOINT

Uniform load (Ib/ft or Kg/m)
Example: U=200

User-defined spring hanger

US(No. of hangers, spring rate(lb./inch or N/mm), hot load(lb. or N))
Examples: US(2,600,1540)

US(1,0,2300) : Constant support

Variable spring hanger
Example : VS, VS=2: two variable spring hangers

Vessel outside diameter (inch or mm)
Use only for Nozzle.
Example: VOD=250

Vessel thickness (inch or mm)
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Use only for Nozzle
Example: VTHK=10

VWGT Valve weight (Ib or kg)
Example: VWGT=100

WGT Weight of an item (ball joint, flange, Slip joint, etc.) (Ib or kg)
Example: WGT=50

WS Widely Spaced
Use only for Miter bend
Example: WS

WTYPE Weld type
Example: WTYPE=1
(1 = Butt weld, 2 = Fillet weld, 3 = Concave fillet weld, 4 = Tapered
Transition)

PUMPS

Description (up to 16 characters)

Suction/Discharge location (0 = Top, 1 = Side, 2 = End)
Shaft axis (xcomp, ycomp, zcomp)

Center of pump (x, v, z)

English units

Desc, Horizontal / Vertical inline (0 or 1), Shaft axis, Center of pump (ft-in), Suction node,
Suction location, Discharge Node, Discharge Location

SI units

Desc, Horizontal / Vertical inline (0 or 1), Shaft axis, Center of pump (mm), Suction node,
Suction location, Discharge Node, Discharge Location

Horizontal Pumps

Desc, 0, Shaft axis, Center of pump, Suction node, Suction location, Discharge Node,
Discharge Location

Vertical Inline Pumps
Desc, 1, Suction node, Discharge Node

Example

PUMPS

427BSOUTH, 1,350
427ANORTH,0,0.0000,1.0000,0.0000,-3.8299,-13"8",44.33,390,2,410,2
427WEST ,1,300

COMPRESSORS

Description (up to 16 characters)
Shaft axis (xcomp, ycomp, zcomp)
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Description, Shaft axis direction, Inlet Node, Exhaust Node, Extraction Node 1, Extraction
Node 2.

Example

COMPRESSORS
Compressorl,1.0000,0.0000,0.0000,210,300

TURBINES

Description (up to 16 characters)
Shaft axis (xcomp, ycomp, zcomp)

Description, Shaft axis direction, Inlet Node, Exhaust Node, Extraction Node 1, Extraction
Node 2.

Example

TURBINES
TURBINE1,1.0000,0.0000,0.0000,250,360

SEISMIC
X,Y,Z Static equivalent seismic loads in g’s.
SEISMIC Example: Static seismic loads of 0.25 and 0.3 ¢’s in X and Z directions.

SEISMIC
0.25,0.00,0.30

WIND

Wind velocity (MPH or m/s), Shape factor (defaults to 0.6), X, Y, Z components of wind
direction.

WIND Example: A wind load of 100 mph in the X direction.

WIND
100,0.600,1.000,0.000,0.000

Example:
An example of a model batch file (.mbf file) is shown below:

Desalter Pumps

OPTIONS

HGRA,B313

MATERIAL

A53,0.283,0.300,1.00
A53,-325,31.4E+6,5.00E-6,20000
A53,-200,30.8E+6,5.35E-6,20000
A53,-100,30.2E+6,5.65E-6,20000
A53,70,29.5E+6,6.07E-6,20000
A53,200,28.8E+6,6.38E-6,20000
A53,300,28.3E+6,6.60E-6,20000
A53,400,27.7E+6,6.82E-6,20000
A53,500,27.3E+6,7.02E-6,18900
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A53,600,26.7E+6,7.23E-6,17300
A53,650,26.1E+6,7.33E-6,17000
A53,700,25_.5E+6,7.44E-6,16500
A53,750,24 _9E+6,7 .54E-6,13000
A53,800,24 _2E+6,7 .65E-6,10800
A53,850,23.3E+6,7.75E-6,8700
A53,900,22_4E+6,7.84E-6,6500
A53,950,21.4E+6,7.91E-6,4500
A53,1000,20.4E+6,7.97E-6,2500
A53,1050,19.2E+6,8.05E-6,1600
A53,1100,18.0E+6,8.12E-6,1000
PIPE

4,4.5,0.237,0,12.5,11,2
6,6.625,0.28,0,12.5,11,2
8,8.625,0.322,0,12.5,11,2
10,10.75,0.365,0,12.5,11,2
12,12.75,0.406,0,12.5,11,2
LOADS
1,400,280,0.85,400,280,350,190
1IN, 400,280,0.85,100,280,350,190
1S,100,280,0.85,400,280,350,190
1¢,100,280,0.85,100,280,100,190
4,400,600,0.85,400,600,285,450
4N,400,600,0.85,100,600,285,450
4S,100,600,0.85,400,600,285,450
S01,350,190,0.85,70,0,70,0
SOA,230,145,0.85,70,0,70,0
SD1,400,280,0.85,70,0,
DO1,285,450,0.85,70,0,
DOA,225,485,0.85,70,0,
bb1,400,600,0.85,70,0,
LAYOUT
F10,CNOZZLE=297,L2=10"0",NOD=17.5,NTHK=1.3125,V0D=144 ,VTHK=1_.375,
L1=10"0",E=29.0E+6,DV(0.0000,0.0000,1.0000)
L10,CFLANGE=WN,WGT=220

T20,JV,MA53,P10,Y1"6-1/4" ,CL=1,VWGT=625, THKF=3.0000, INSF=1. 7500,
FLANGE=WN , WGT=220

T30,Y0"4-5/8"

T40,JD,P8,Y0"7”,C0D1=10.75, THK1=0.365,0D2=8.625, THK2=0.322
T50,K1,B12,Y6"0-1/8"

T60,KI,B12,X-1.0017,21.0017

T70,K1,B12,X-5"8-15/16

T80,KI,B12,Y-11"3”

T90,26"6”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T100,Z20"0”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T110,J1,B6.75,P4,Z17"6” ,CIMAT=A53,JSEC=12, JLOAD=1,JR=19.125
T120,P8,X10"11”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),
STIFF=Rigid

T130,KI,B12,X2"0”

*

T240,KT,JE,Z6"4-9/16,CES(100,400,300) ,TA=500,BK=11459
*
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T160,X-270",CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T170,KI,B12,X-80"

T180,Y-8"2-13/16, CFLANGE=WN , WGT=152
T190,JV,Y-1"4-3/4" ,CVWGT=590, THKF=3.0000, INSF=1.7500, FLANGE=WN,
WGT=152

T200,K1,B12,Y-1"4-3/8",CL=1N

T210,JS,Z-1"0",CFFOR=1000
T220,JD,P6,Y0"0-15/16",Z-0"6",COD1=8.625, THK1=0.322,0D2=6.625,
THK2=0.28, FRE=30.000

L200A, CUS(1,900, 2250)

*

F240
T250,KT,P8,21"2”,CL=1
*

T260,KT,Z1"2”
T270,20"11”
*

F260

T280,X-2"0",CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T290,KI1,B12,X-8"0"

T300,Y-8"2-13/16,CFLANGE=WN,WGT=96
T310,3V,Y-1"4-3/4” ,CVWGT=590, THKF=3.0000, INSF=1.7500,
FLANGE=WN,WGT=152

T320,K1,B8,Y-1"4-3/8",CL=1S

T330,Z7170”

T340,JD,Y0"0-
15/16”°,Z0"6°",C0OD1=8.625,THK1=0.322,0D2=6.625, THK2=0.28
*Node 230 = P-427B Suction
T350,KA,P6,21°5-3/16”,CD1S(0,0.027,0),D152(0,0.027,0),
DI1S3(0,0.027,0)

L350, CFLANGE=WN,WGT=96

*Node 550 = P-427A Suction

F220
T390,KA,Zz-2"7”,CL=1N,DI1S(0,0.027,0),D1S3(0,0.027,0)
L390,CFLANGE=WN,WGT=96

T400,Z-176-3/8"

T410,JL,Z-1"5-3/8”,CTRAK(1,1,1),ROTK(1,1,1),
LXAX(1.0000,0.0000,0.0000),LYAX(0.0000,1.0000,0.0000)

*From node 200 2711.5” in the Z direction
F370,KA,X-3.8300,Y-13"8",7259.6267,CD1S(0,0.027,0),
DI1sS2(0,0.027,0),D1S3(0,0.027,0)

L370,CFLANGE=WN,WGT=58

T420,P4,20"3-3/8”,CL=4S

T430,JD,P6,Z0"5-1/2" ,C0D1=4_.5,THK1=0.237 ,0D2=6.625,THK2=0.28
T440,KI1,B9,Z2"0-5/8"

T450,Y1"0-7/8" ,CFLANGE=WN,WGT=96
T460,JV,Y1"5-5/8" ,CVWGT=204 , THKF=3.0000, INSF=1.7500,
FLANGE=WN,WGT=96

T470,3V,Y1"4-1/8" ,CVWGT=334, THKF=3.0000,

INSF=1.7500, FLANGE=WN, WGT=96

T480,KI1,B9,Y7"0-3/8”

T490,X8"0”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
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T500,KT,X3"6”
*

*From node 340 -2711.5” in the -Z direction
F410,KA,CDIS(0,0.027,0),D1S3(0,0.027,0)
L410,CFLANGE=WN,WGT=58

T510,P4,7-0"3-3/8”,CL=4N
T520,JD,P6,2-0"5-1/2"",C0D1=4.5,THK1=0.237,0D2=6.625, THK2=0.28
T530,K1,B9,Z2-4"0-5/8"

T540,Y1"0-7/8" ,CFLANGE=WN,WGT=96
T550,J3V,Y1"5-5/8",CVWGT=204 , THKF=3.0000,

INSF=1.7500, FLANGE=WN,WGT=96

T560,J3V,Y1"4-1/8",CVWGT=334, THKF=3.0000,

INSF=1.7500, FLANGE=WN,WGT=96

T570,K1,B9,Y7"0-3/8”

T580,X8"0”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T590,KI1,B9,X3"6”

T500

L530B,CUS(1,520,1392)

F500

T600,K1,B9,21"7,CL=4

T610,X-3"6"",CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T620,KI1,B9,X-10"11"

T630,KI1,B9,Y-4"6-11/16

T640,K1,B9,Z27"4”

T650,Y1"1”,CFLANGE=WN,WGT=96

T660,Y0"11”
T670,JD,P8,Y0"6”,C0D1=6.625,THK1=0.28,0D2=8.625,THK2=0.322
T680,KT,Y0"7”

*

F250
T685,P4,X-2"0",CL=1C,LS(0.000,None) ,DV(0.0000, 1.0000,0.0000),
STIFF=Rigid

T690,KI,B6,X-10"11"

T700,KI,B6,Y-1"5-11/16

T710,Z1710”,CFLANGE=WN,WGT=58

*

F680
T720,Z-1"6",CL=4,FLANGE=WN ,WGT=58

T730,JV,Z-1"0-1/4" ,CVWGT=170, THKF=3.0000,

INSF=1.7500, FLANGE=WN , WGT=58
T735,Z-6"6-3/4",CL=1C,LS(0.000,None) ,DV(0.0000,1.0000,0.0000),
STIFF=Rigid

T710,CL=1

*

F680
T800,KI,B12,P8,Y3"0”,CL=4

T810,26"1-5/8” ,CFLANGE=WN, WGT=152
T820,20"4-3/8”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),
STIFF=Rigid

T830,KI,B12,210”

T840,KI,B12,X7"0”

T850,KI,B12,X1"6”,Y-1"6"
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T860,X6"0, CFLANGE=WN,WGT=152

T870,JV,X1"4-3/4” ,CVWGT=410, THKF=3.0000, INSF=1.7500,
FLANGE=WN,WGT=152

T880,KT,X1"4”

*

T890,KI,B12,Y1"7”

T900,KI,B12,7270”

T910,Y-1"1-1/4 ,CFLANGE=WN,WGT=152
T920,J3V,Y-1"4-3/4" ,CVWGT=410, THKF=3.0000, INSF=1.7500, FLANGE=WN,
WGT=152

T930,KI1,B12,Y-1"1-1/4"

T940,KT,Z-270”

*

T950,X1"0”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T960,X1"0”
*

F940
T970,X-1"4”
*

F880

T980,KI,B12,X10"6”

T990,KI,B12,Y4"6”

T1000,X1*10”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T1010,X26"8",CLS(0.000,None),DV(0.0000,1.0000,0.0000),STIFF=Rigid
T1020,K1,B12,X6"2"

T1030,K1,B12,Z2"0”

T1040,Y4"2”
T1050,JD,P10,Y0"7”,COD1=6.625, THK1=0.28,0D2=8 . 625, THK2=0.322
T1060,K1,B15,Y1"3”

T1070,Z27"2”,CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T1080,218"8",CLS(0.000,None) ,DV(0.0000,1.0000,0.0000),STIFF=Rigid
T1090,K1,B15,215%2”

T1100,K1,B15,Y-25"6"

T1110,KI,B15,X-3.8971,Z-2"3"

T1120,Y1*7-7/8" ,CFLANGE=WN ,WGT=220

PUMPS

427BSOUTH, 1,350
427ANORTH,0,0.0000,1.0000,0.0000,3.8299,13"8,44.3351,390,2,410,2
COMPRESSORS

Compressor_1,1.0000,0.0000,0.0000,210,300

SEISMIC

0.25,0.00,0.30

WIND

100,0.600,1.000,0.000,0.000

Hanger Type

This section describes the hanger type (HTYP under comments section) number to be used
for defining variable spring hanger type.

Hanger Description Type Value

ABB-PBS 1
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Basic Engineers 2

Bergen Paterson 3

Bergen Paterson (L) 4

BHEL Hyderabad 5

BHEL Trichy 6

Borrello 7

Carpenter & Paterson 8

Corner & Lada 9

Dynax 10
Elcen 11
Fee and Mason 12
Flexider (30-60-120) 13
Flexider (50-100-200) 14
Fronek 15
Grinell 16
Hydra 17
Lisega 18
Mitsubishi (30-60-120) 19
Mitsubishi (80-160) 20
Myricks 21
NHK (30-60-120) 22
NHK (80-160) 23
Nordon 24
NPS Industties 25
Piping Services 26
Piping Tech & Products 27
Power Piping 28
Sanwa Tekki (30-60-120) 29
Sanwa Tekki (85-170) 30
Sarathi 31
Spring Supports 32
SSG 33
Comet 34

CAEPIPE can export model data from inside the Layout window to a text file with the
extension .mbf (model batch file), which may be edited using a text editor. The edited text
file may then be read back into CAEPIPE by using the Import feature. But note that the
existing .mod file will be overwritten. So, you must rename the edited text file before
importing it back into CAEPIPE.

To export a model, select the menu command File > Export from the Layout window.
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=1= Caepipe : Layout {11} - [Sample.mod
File Edit Wiew Options Loads Misc  Window  Help
T, .. Chrl+M El
Qpen... Chrl+0
Recent Models v fin") [ DZ (@in") | Matl | Sect [Load [Data =
Dpen Fesults, ..
Merge. .. Chrl+1a Anchor
Close
AS3 |8 1
=t Chrl+3
ave r+ BO" a53 08 |1 [Hanger
Save As...
Export to MEF... 60" AS3 (8 1
Ewpart ta 30 Plank Design AR3 | 1 Anchor
Print Madel. .. Chr+-P
fnalyze
24 Block... 253 |k ]
Exit Alc+F4 257 1|E 1
1nleo | |s0r | As3 |6 |1 |Anchor =

The Export Model dialog is shown. Click on Export button to write to a .mbf file.

Export Model to Batch File ] |
Save in: | L) B50LM <] « & cf B

Eﬂ@ﬁ_ﬁr.i.ﬁ_l.:&!!arﬁ!r.}fé
Yalve_Library

File nane: IS ample Export

Save as type. |Madel batch file [*mbf) | Cancel
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Appendix D

Nozzle Stiffness Calculations



Nozzle Stiffness Calculations (WRC 297)

Six stiffnesses are shown below at the nozzle-vessel interface — three are calculated and the
other three are assumed rigid.

The coordinate system is as shown in the figure. The six components of the forces and
moments at the nozzle-vessel interface are:

P = Radial load M = Circumferential moment
Vi = Circumferential load ~ Mg = Torsional moment
V), = Longitudinal load M, = Longitudinal moment

Of the six components of stiffnesses, only three stiffnesses, axial (Kx), circumferential (Kyy),
and longitudinal (K), are calculated. The remaining three are assumed to be rigid.

Several graphs are given at the end of this appendix. The stiffness coefficients are obtained
by interpolating logarithmically from these graphs.

The first two, Figures D-1 and D-2, are used to calculate nozzle stiffness coefficients for
Nozzles on cylindrical vessels. Figure D-1 is used to calculate the axial stiffness coefficient
and Figure D-2 is used to calculate circumferential and longitudinal stiffness coefficients.
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Nozzle Stiffness Calculations

Nomenclature

D = mean diameter of vessel
d = outside diameter of nozzle
T = thickness of vessel
t = thickness of nozzle
A = (d/D)+D/T
A = L/NDT
L = unsupported length of cylinder
= 8LiLy/(JT1 +T2)’
L1 = distance from nozzle center line to vessel end
L2 = distance from nozzle center line to vessel end
E = modulus of elasticity of vessel material

Axial Stiffness(K,)

4.95ET?
= ax ey
x D\/Z
where
a = stiffness coefficient read from Figure D-1
Circumferential Stiffness(K,,)
_ 3
K,, =B % ET @)

where
B =lstiffness coefficient read from Figure D-2.
The bottom three curves in Figure D-2, marked Circumferential moment Mcare used to

findp.
Longitudinal Stiffness(K,,)
K,, =y x ET? 3)

where
Y = stiffness coefficient read from Figure D-2.
The top two curves in Figure D-2, marked Longitudinal moment M are used to findy.
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Nozzle Stiffness Calculations

Calculation of Nozzle stiffnesses for Nozzles on Flat-bottom tanks

This procedure is similar to the previous one.

+— Vesse| OD
—» r-— Vessel Thickn

L

eSS

Flat-Bottom Tank

Nozzle v, ML
—— C
''''''''''''''''' 2a(Nozzle OD)

v PMT
—
4 VL
Nozzle Thickness
Mc

As before, only three stiffnesses are calculated as the other three are assumed to be rigid. The
ones that are calculated are axial(K,, ), circumferential(Kyy ), and longitudinal (K, ).

For Nozzles on flat-bottom tanks, twelve graphs are given at the end of this appendix,
Figures D-3 through D-14. Six are for “with reinforcing pad (on vessel)” with the other six

for no reinforcing pad on the vessel. The stiffness coefficients are obtained using the
appropriate graph.
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Nozzle Stiffness Calculations

Nomenclature

R = Mean radius of vessel
t
2a = outside diameter of nozzle

thickness of vessel

Axial Stiffness(K,)
K, = K X E X (2a)

where
Krp = axial stiffness coefficient.

Circumferential Stiffness(K,,)
K,, = K¢ X E x (2a)*

where
K = circumferential stiffness coefficient.

Longitudinal Stiffness(K,,)
K,, = K, X E x (2a)3

where
K; =longitudinal stiffness coefficient.

The graphs for stiffness coefficients follow:
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Figure D-1:Stiffness coefficient for axial load on nozzle
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Figure D-2:Stiffness coefficients for moment loads on nozzle
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Nozzle Stiffness Calculations
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Figure D-3:Stiffness coefficient for axial load (with reinforcing pad)(L/2a = 1.0)
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Figure D-4:Stiffness coefficient for circumferential moment (with reinforcing

pad)(L./2a=1.0)
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Nozzle Stiffness Calculations
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Figure D-5: Stiffness coefficient for longitudinal moment (with reinforcing pad)(I./2a = 1.0)
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Figure D-6:Stiffness coefficient for axial load (with reinforcing pad)(L/2a = 1.5)
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Figure D-7:Stiffness coefficient for circumferential moment (with reinforcing pad)
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Figure D-8:Stiffness coefficient for longitudinal moment (with reinforcing pad)(L/2a=1.5)
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L/2a=1.0
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Figure D-9:Stiffness coefficient for axial load (no reinforcing pad)(L/2a = 1.0)
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Figure D-10:Stiffness coefficient for circumferential moment (no reinforcing pad)(L./2a=
1.0)
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Figure D-11:Stiffness coefficient for longitudinal moment (no reinforcing pad)(L./2a = 1.0)
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Figure D-12:Stiffness coefficient for axial load (no reinforcing pad)(L./2a = 1.5)
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Figure D-13:Stiffness coefficient for circumferential moment (no reinforcing pad)
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Dynamic Susceptibility Method

The “Dynamic Susceptibility” Method for Piping Vibration —A Screening Tool for
Potentially Large Alternating Stresses

Dr. R. T. Hartlen, Plant Equipment Dynamics, Ontario, CANADA
Summary

The enhanced output of the “Modal Analysis” load case in CAEPIPE shows modal
frequencies and mode shapes AND now two new outputs called “dynamic stresses” and
“dynamic susceptibility.” The dynamic stresses are the dynamic bending stresses associated
with vibration in a natural mode. That is to say, the mwodal analysis result has been generalized to
include the alternating bending stresses associated with the vibration in a natural mode. The
dynamic susceptibility for any mode is the ratio of the maximum alternating bending stress to
the maximum vibration velocity. This “susceptibility ratio” provides an indicator of the
susceptibility of the system to large dynamic stresses. Also, the associated animated mode
shapes include color-spot-markers identifying the respective locations of maximum vibration
and maximum dynamic bending stress. The susceptibility ratio and the graphics feature
provide incisive insights into the reasons for high susceptibility and how to make
improvements. This new feature is illustrated by application to the CAEPIPE “Sample
problem” system.

1. Dynamic Susceptibility: New Analytical Tool Available for Vibration of Piping

When addressing vibration issues, the piping designer does not have the specific
requirements, nor the analytical tools and technical references typically available for other
plant equipment such as rotating machinery. Typically, piping vibration problems only
become apparent at the time of commissioning and early operation, after a fatigue failure or
degradation of pipe supports. Discovery of a problem is then followed by an ad hoc effort to
assess, diagnose and correct as required. The “Dynamic Susceptibility” analysis, now
included in CAEPIPE, provides a new analytical tool to assist the piping designer at any
stage, from preliminary layout to resolution of field problems.

CAEPIPE’s Dynamic Susceptibility feature utilizes the “Stress per Velocity” method, an
incisive analytical tool for “screening” the vibration modes of a system. It readily identifies
which modes, if excited, could potentially cause large dynamic stresses. Furthermore, it
reveals which features of the system layout and support are responsible for the susceptibility
to large dynamic stresses. At the design stage, the method allows the designer to quickly
identify and correct features that could lead to large dynamic stresses at frequencies likely to
be excited. Where problems are encountered in the field, the method provides quick and
incisive support to efforts of observation, measurement, assessment, diagnosis and
correction.

The technical foundation of this method lies in an underlying fundamental relationship
between the kinetic energy of vibratory motion, and the corresponding potential energy
stored in elastic stresses. That is to say, the kinetic energy at zero displacement and maximum
system velocity must equal the stored elastic energy at zero velocity and maximum
displacement. This implies a fundamental relationship between vibration velocity and
dynamic bending stresses, which is the foundation of the stress per velocity approach for
“susceptibility screening” of vibration modes.

The key analytical step is to determine, mode by mode, the ratio of maximum dynamic stress
to maximum vibration velocity. This ratio will lie in a lower “baseline range” for
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uncomplicated systems such as classical uniform-beam configurations. For more complex
systems, the stress / velocity ratio will increase due to typical complications such as three-
dimensional layout, discrete heavy masses, changes of cross-section and susceptible branch
connections. Systenz modes with large stress-velocity ratios are the potentially susceptible modes.

The Stress / Velocity method, implemented in CAEPIPE as the Dynamic Susceptibility
teature, automatically and quickly finds these modes and guantifies the susceptibility. Evaluation of the
results, including special-purpose color animation, helps to identify which details of layout
and support are responsible for the large stresses.

This technical note is to present and explain the “dynamic susceptibility” outputs now
included in the modal analysis load case, and to illustrate by application to the standard
CAEPIPE “Sample problem” system.

2. Underlying Fundamental Basis of the Method

2.1 Kinetic Energy and Potential Energy; Vibration Velocity and Dynamic
Stresses

The undetlying theoretical basis for the Stress / Velocity method is a deceptively
straightforward but universally-applicable relationship between kinetic energy and potential
(elastic) energy for vibrating systems. Stated simply, for vibration at a system natural frequency, the
kinetic enetgy at maximum velocity and zero displacement must then be stored as
elastic (strain) energy at maximum displacement and zero velocity. Since the strain
energy and kinetic energy are respectively proportional to the squares of stress and velocity, it
follows that dynamic stress, o, will be proportional to vibration velocity, v. For idealized
straight-beam systems, consisting of thin-walled pipe and with no contents, insulation or
concentrated mass, the ratio G / Vv is dependent primarily upon material properties, (density p and
modulns B) ,and is remarkably independent of system-specific dimensions, natural-mode number and
vibration frequency. For real continuous systems of course, the kinetic and potential energies are
distributed over the structure in accordance with the respective modes shapes. However,
integrated over the structure, the underlying energy- equality holds true. Provided the spatial
distributions are sufficiently similar, i.e. harmonic functions, the RMS or maximum stress will
still be directly related to the RMS or maximum vibration velocity.

2.2 The "Screening” Approach

As stated above, for idealized pure beam systems the stress-velocity ratio will depend
primarily upon material properties.

For real systems, the spatial patterns of the mode shapes will depart from the idealized
harmonic functions, and the stress-velocity ratios accordingly increase above the theoretical minimum or
baseline valwe. System details causing the ratios to increase would include the three-
dimensional layout, large unsupported masses, high-density contents in thin-walled pipe,
susceptible branch connections, changes of cross section, etc. The more “unfavorable "the system

layout and details are, the larger the G | v ratios for some modes will be.

Thus, the general susceptibility of a system to large dynamic stresses can be assessed by
determining the extent to which the G | v ratios for any mode exceed the baseline range.

Furthermore, by determining which particular modes have the high ratios, and whether these
modes are known or likely to be excited, the at-risk vibration frequencies and mode shapes
are identified for further assessment and attention. This is the basis of the Stress / Velocity
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method of analysis and its implementation as the “dynamic susceptibility” feature in
CAEPIPE.

2.3 Relation to Velocity-based Vibration Acceptance Criteria

There are various general and application-specific acceptance criteria based upon vibration
velocity as the quantity of record. Some, in order to cover the worst case scenarios, are
overly conservative for many systems. Others are presented as being applicable only to the
first mode of simple beams, leading to the misconception that the stress / velocity
relationship does not apply at all to higher modes. In any case, there are real and perceived
limitations on the use of screening acceptance criteria based upon a single value of vibration
velocity.

The dynamic susceptibility method turns this apparent limitation into a useful
analytical tool! Specifically, large stress / velocity ratios, well above the baseline values, are
recognized as a “warning flag.” Large values indicate that some feature(s) of the system make
it particularly susceptible to large dynamic stresses in specific modes.

3 What the Dynamic Susceptibility Method Does
3.1 General Approach

The Dynamic Susceptibility method is essentially a post processor to fully exploit the modal
analysis results of the system. Mode shape tables of dynamic bending stress and vibration
velocity are searched for their respective maxima. Dividing the maximum stress by the
maximum velocity yield the “c/v ratio” for each mode. That ratio is the basis for assessing
the susceptibility to large dynamic stresses. Larger values indicate higher susceptibility
associated with specific details of the system.

3.2 Specific Implementation in CAEPIPE

The Stress / Velocity method has been implemented as additional analysis and output of the
CAEPIPE modal analysis. The modal analysis load case now includes additional outputs and
features as follows:

Dynamic Stresses This output provides the “mode shapes” of dynamic bending
stresses, tabulated along with the conventional mode shape of
vibration magnitude.

Dynamic Susceptibility This output is a table of s/v ratios, in psi / ips, mode by
mode, in rank order of decreasing magnitude. In addition to
modal frequencies and s/v ratios, the table also includes the
node locations of the maxima of vibration amplitude and
bending stresses.

With the dynamic susceptibility output selected, the animated
graphic display of the vibration mode shape includes the
added feature of color spot markers showing the locations of
maximum vibration and maximum dynamic bending stress.

These outputs will assist the designer through a more-complete understanding of the
system’s dynamic characteristics. They provide incisive quantified insights into how specific
details of components, layout and support could contribute to large dynamic stresses, and
into how to make improvements.
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4  What the Dynamic Susceptibility Method Does Not Do Directly

The Stress / Velocity method of assessment, and its implementation in CAEPIPE as
dynamic susceptibility, is based entirely upon the system’s dynamic characteristics per se. Thus the
vibration velocities and dynamic stresses employed in the analysis, although directly related
to each other, are of arbitrary magnitude. There is no computation of the response to a
prescribed forcing function, and no attempt to calculate actual dynamic stresses. Thus the
dynamic susceptibility results do not factor directly into a pass-fail code compliance
consideration. Rather, they assist the designer to assess and reduce susceptibility to large
dynamic stresses if necessary, in order to meet whatever requirements have been specified.

An example follows next.
5 lllustrative Example of the Dynamic Susceptibility Analysis

The “dynamic susceptibility” feature of CAEPIPE will be illustrated here by application to
the standard CAEPIPE Example system. The modal analysis was performed for frequencies
up to 200 Hz, resulting in a reporting-out for 12 modes.

== Caepipe : Frequencies - [8.res (D:'ManualDynamicSusc... M=l El
Fle Results View Options Window Help

S EEE a® == a8

# | Frequency | Period Faricipation factors Modal mass { Tolal mass
(Hz) [secaond) | = i Z > 5 &

1 (1452 0.0659 0.0232 |-1.7571 (-0.7834 | 000071 (056112 01016
(2 | 20779 0.0487 -00004 | 05862 [-1.9915 | 0.0000 [0.0569  0.6567
3_2?.?50 0.0360 00826 [0.45G6 | 0.0823 (000171 0.0345  0.0011
(4 | 31209 0.0320  |-01751 (-0.0063 | 01107 |0.0051 | 0.0000 00020
5 | 47408 0.021 -10989 |-0.1355 | 0.0559 |0.2000 (0.0030 0.0005
(6 |52.422 0.0191 01787 |-0.3770(0.3007 |0.0053 [0.0235  0.0150
7 ]
En
En
10|

129,769 0.0077  |-0.0446 (-0.1627 | 0.0126 |0.0003 |0.0055 0.0000
132987 0.0075 | 0.1185 (0.0090 |-01265 | 00024 |0.0000 00026
138.665 0.0072  |1.4714 (-0.0020 |0.0228 (0.3585 |0.0000 0.0001
10| 163.986 0.0061 -00379 |-0.3694 (01356 (00002 00226  0.0031
(11 | 173.053 0.0058 | 04440 (0227201155 | 00326 |0.0085 00022

121191.852 0.0052 |0.2435 (02143 |-0.0572 |0.0095 |(0.0022 0.0005

The frequencies range from mode 1 at 14.5 Hz to mode 12 at 192 Hz. In two instances, very
similar horizontal and vertical modes appear in pairs, i.e. modes 3 & 4 and 7 & 8.

The relevant features of this system can be readily identified and understood, by reference to
the dynamic-susceptibility table and the animated graphic display of mode shape. Results will
be considered here in the order of decreasing susceptibility.
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kI= Caepipe : Dynamic Susceptibility - [Sample.... [l=] E3

Eile Results iew Opbions ‘Window Help
S @BEE a® =¢Fa =260
# |Mode [Frequency | Maxima Nodes | Susceptibility

Hz) “elocity | Stress [ (psi /ips)
20,716 204, 50 B51
31172 70 80 526
27.703 B0 80 522

14 467 20B 10 453
47.239 404, 50 354

1 | ]

5.1 Axial movement of long pipe run (large added mass in motion)

M| &= || k[ —
m — = Rk

From the dynamic susceptibility table, the top of the list is mode 2 at 20.8 Hz, having a
dynamic susceptibility of 649 psi / ips.

Mode 2: 2078 Hz v

From the animated graphic display, note that the maximum dynamic bending stresses are at
the anchored point, node 50. Note also that the dominant motion is a “Z” motion of the
straight run between nodes 20 and 40 (i.e., in effect an axial motion of that run as a rigid
body). The designer’s interpretation here is that the vertical rise from node 50 to node 40 is
effectively a cantilevered beam with an effective large added mass at the tip; that feature of
layout accounts for the high susceptibility.

5.2 Effects associated with the valve (local rigidity to bending, and added mass)

The next-highest values of susceptibility are for the two pairs of modes, modes 7 & 8 at 129
and 133 Hz, and modes 3 & 4 at 27.8 and 31.2 Hz. As will be shown here, these are
associated with effects of the valve,
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Mode 7: 12917 Hz Y Mode 8: 132.99 Hz Y

The susceptibility for modes 7 & 8, respectively 594 and 589 psi / ips, is attributable to the
rigidity of the valve element within an otherwise flexible pipe run. This can be seen from a
close look at the animated graphic. Notice that these relatively high frequency modes feature
a reversal of bending curvature along the run between nodes 30 and 80. Notice also that
there is a stronger localized curvature on approach to the valve body. The designer’s
interpretation here is that, since there cannot be any curvature of the rigid valve itself, there
must be a more concentrated curvature of the adjacent pipe.

The dynamic susceptibility of modes 3 & 4, respectively 521 and 526 psi / ips, is associated
with the more straightforward “concentrated mass” effect of the valve.

Mode 3: 27.75 Hz Y Mode 4: 31 23 Hz Y

Z‘/L‘X

From the animated graphic, these modes feature a large amplitude vibration at the valve. The
kinetic energy of this added mass must be stored as strain energy in the flexing (i.e., spring)
element, resulting in elevated dynamic stresses.

5.3 Beam modes with “moderate” added mass effects of adjacent spans

Modes 1,5 and 6, with frequencies of 14.5, 47.4 and 52.4 Hz, show progressively decreasing
“intermediate to low” values of susceptibility at respectively 456, 383 and 339 psi / ips.
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Mode 1: 14.51 Hz Y Mode 5: 4741 Hz Y

Reference to the animated graphics shows that these modes involve predominantly #ransverse
vibration (as contrasted with the prominent axzz/ movement of mode 2) and involve /e
participation at the valve (which accounted for the elevated susceptibility of modes7 & 8 and 3
& 4). Notice that these modes, 1, 5, and 6, involve varying degrees of the influence of
effective added mass of adjacent spans, and of length of the cantilevered span contributing
most to stiffness.

5.4 Modes approaching the “simple-beam baseline” behavior

Modes 10, 11 and 12 have significantly higher frequencies, 164 to 192 Hz, and
correspondingly short wavelengths. Consequently, the vibration pattern tends to be
transverse beam vibration “within the span,” with little or no effect from connected spans or
the valve. For these modes, the susceptibility ratios range from 256 to 272 psi / ips. These
values are approaching the baseline values for uncomplicated mode shapes of the pipe
section and pipe contents of this system.
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Mode 10: 163.99 Hz Y Mode 11: 173.05 Hz Y

NOTE: Mode 9, at 138 Hz, is cleatly an exception, with a susceptibility of only 104 psi / ips,
well below the baseline level. From the animated display, it can be seen that this is not really a
“bending” mode; rather, the spring effect for this mode is an axial stretching of the run
between nodes 80 and 30. Consequently, the bending stresses are low, as reflected in the
abnormal susceptibility ratio. In effect, this mode lies outside the intended application of the
dynamic susceptibility approach. Notice however, that the low susceptibility ratio has in
effect “flagged” this mode as “not a bending mode”; that in itself provides the designer
additional insight into system characteristics and behavior.

5.5 Summary Comment

As per paragraphs 5.1 to 5.4, the dynamic susceptibility method has incisively identified the
key features of the Sample model, with respect to potentially large dynamic stresses. This of
course is a relatively simple system. An experienced designer, with some appreciation of
dynamics, might view the results as obvious. However, the method will do the same job,
automatically and directly, on any larger or more complex system for which nothing is
obvious!

6 Summary of “Dynamic Susceptibility” Analytical Capability

The stress / velocity method, implemented in CAEPIPE as the “Dynamic Susceptibility”
feature, provides quantified insights into the stress versus vibration characteristics of the
system layout per se.

In particular, the dynamic susceptibility table identifies specific modes that are susceptible to
large dynamic stresses for a given level of vibration. The larger the stress / velocity ratio, the
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stronger the indication that some particular feature of layout, mass distribution, supports,
stress raisers, etc., is causing susceptibility to large dynamic stresses.

The animated mode-shape display identifies, by the color-spot-markers, the locations of the
respective maxima in dynamic stress and vibration velocity. Review of these animated plots
will reveal the offending pattern of motion, and provide immediate insight into what features
of the system are responsible for the large dynamic stresses.

Finally, the “dynamic stresses” table provides the distribution of dynamic stresses around the
system, i.e., in effect, the mode shape of dynamic stresses to go along with the conventional
mode shape of vibration. This information allows identification of other parts of the system,
if any, with dynamic stresses comparable to the identified maximum.

7 Suggested Applications and Associated Benefits
7.1 Atthe Design Stage

At the design stage, the dynamic susceptibility feature allows the designer to quickly
determine whether the system may be susceptible to very large dynamic stresses. This could
be a broad look at all frequencies, or could be focused on particular frequencies where excitation is likely
to ocenr. On identifying high susceptibility, the designer can then make changes to improve
the design. It is important to note that this method is based upon the dynamic-stress versus
vibration-velocity characteristics of the system per se. There is no need to specify a forcing
function and perform a response calculation and stress / fatigue analysis. However, where such
analysis is a requirement, the dynamic susceptibility module can assist the designer to achieve a
system layont that will meet the requirements and criteria.

7.2 Commissioning, Acceptance Testing

The dynamic susceptibility feature can also contribute to planning acceptance testing and
associated measurements where these are undertaken whether by formal requirement or by
choice. Locations for measurement of vibration or dynamic strain can be selected based
upon knowing the locations of the maxima and the distribution of vibration and dynamic
stress. Reference to the dynamic susceptibility results can help assure that the modes of most
potential concern are well covered by the minimum set of practically-achievable measurements. Furthermore,
mode-specific acceptance criteria can be readily established to awoid the restrictions of generally
over-conservative guideline type criteria, while providing assurance that any highly-susceptible situations are

identified and addressed.
7.3 Troubleshooting and Correction

As mentioned earlier, when vibration and/or fatigue problems are recognized at start up or
early operation, there is typically an ad hoc program of observation, measurement,
assessment, diagnosis and correction. It is not uncommon for there to be some uncertainty
about what to measure and what is acceptable. The dynamic susceptibility module can
contribute very effectively in these situations.

Normally, the overall symptoms, approximate frequency and pattern of vibration are known
to some extent from observation and/or a few measurements. After modeling the system,
and obtaining the dynamic susceptibility results, the subsequent steps can be highly focused on
specific frequencies and locations, the optimum measurements, and system-specific acceptance
criteria.
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Equally or more importantly, the proposed solution options can be modeled and evalnated to make
sure they will achieve the required improvement.

7.4 General

The dynamic susceptibility module does not apply directly to meeting code or other formal stress analysis
requirements. However, it is an incisive analytical tool to help the designer understand the
stress / vibration relationship, assess the situation and to decide how to modify the design if
necessary. It can be used for design, planning acceptance tests, and troubleshooting and
correction.

8 Information for Reference

The Stress /Velocity method for screening piping system modes was developed and brought
to the attention of SST Systems by Dr. R.'T Hartlen of Plant Equipment Dynamics Inc.

The background material provided here is intended to provide only a concise summary of
the underlying fundamentals, the universality for idealized systems, and the expected detail-
dependent variations for real systems. The stress / velocity method, although not yet widely
known and applied, is fundamentally theoretically sound. However, complete theoretical
rigor is beyond the scope of this note.

For users who may wish to independently examine and validate the underlying theoretical
fundamentals, a few key references are provided. References 1, 2 and 3 deal with
fundamentals. References 4 and 5 deal with application to piping. The CEA research projects
reported in References 3 and 4 were initiated and guided by Dr. Hartlen.
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Notation based on ASME Section VIII, Division 1, Appendix 2

The symbols described below are used in the formulas for the design of flanges

A4 =
Ap
A, =
A =

ml

SalsVReY
I

°os
M1l

G =
g0 =
gl =
H =
Hy =

e
N
|

F
|

HT:

h =

outside diameter of flange

= cross-sectional area of the bolts using the root diameter of the thread

total required cross-sectional area of bolts taken as greater of A,,1 and A,
total cross-sectional area of bolts at root of thread or section of least diameter under
stress, required for the operating conditions

Wml

Sh
total cross-sectional area of bolts at root of thread or section of least diameter under
stress

WmZ
Sa

inside diameter of flange

inside diameter of reverse flange
effective gasket or joint-contact-surface seating width

= basic gasket seating width (from Table 2-5.2)

bolt-circle diameter
basic dimension used for the minimum sizing of welds

s
factor = n
factor = %ho gé& for integral type flanges
factor :Vi h, g% for loose type flanges
L
_F e
factor = ) for integral type flanges

factor :Z—L for loose type flanges

= factor for integral type flanges (from Fig. 2-7.2)

factor for loose type flanges (from Fig. 2-7.4)

hub stress correction for integral flanges from Fig. 2-7.6 (when greater than one, this
is the ratio of the stress in the small end of hub to the stress in the large end), (for
values below limit of figure, use f = 1.)

diameter at location of gasket load reaction

thickness of hub at small end

thickness of hub at back of flange

total hydrostatic end force = 0.785G?P

hydrostatic end force on area inside of flange =0.785B2P

= gasket load (difference between flange design bolt load and total hydrostatic end

force) =W - H

= total joint-contact surface compression load = 2b x 3.14 G,,, P

difference between total hydrostatic end force and the hydrostatic end force on area
inside of flange = H — Hp
hub length
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akiks
1

SSSo
TR TR TR TR

radial distance from the bolt circle, to the circle on which HD acts, as prescribed in
Table 2-6

radial distance from gasket load reaction to the bolt circle = CZ;G
= factor = /Byg
= distance from the bolt circle, to the circle on which Hy acts, as prescribed in Table
2-6
ratio of outside diameter of flange to inside diameter of flange = A / B
factor = (fe+1) + a
T d

= component of moment due to Hy = Hphp

component of moment due to H; = Hghg
component of moment due to Hy = Hphy
total moment acting upon the flange for the operating conditions or gasket seating as

may apply

for gasket seating condition

= Hphp + Hghg + Hyhpfor operating condition

width used to determine the basic gasket seating with by, based upon the possible
contact width of the gasket (see Table 2-5.2)

internal design pressure

radial distance from bolt circle to point of intersection of hub and back of flange. For
integral and hub flanges, R = (C-B / 2) — ¢1

allowable bolt stress at reference temperature

allowable bolt stress at design temperature

allowable stress for material of flange at design temperature (operating condition)
calculated longitudinal stress in hub

calculated radial stress in flange

calculated tangential stress in flange

factor involving K (from Fig. 2-7.1)

flange thickness

factor involving K (from Fig. 2-7.1)

factor for integral type flanges (from Fig. 2-7.3)

factor for loose type flanges (from Fig. 2-7.5)

flange design bolt load, for the operating condition or gasket seating

W1 for operating condition
(Am +Ap)Sq
2
minimum required bolt load for the operating conditions

for gasket seating condition

= minimum required bolt load for gasket seating

width used to determine the basic gasket seating width by, based upon the contact
width between the flange and the gasket (see Table 2-5.2)

factor involving K (from Fig. 2-7.1)

gasket or joint-contact-surface unit seating load

factor involving K (from Fig. 2-7.1)
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Calculation of Flange Stresses

The stresses in the flange shall be determined for both the operating conditions and gasket
seating condition, in accordance with the following formulas:

(1) Integral type flanges

Longitudinal hub stress Sy = Lfgiz(; < 1.55¢
1

_ (1.33te+1)M,

Radial flange stress Sg = 25

<5

Tangential flange stress Sg = o _7 Sp <S¢

Combined stress
2R < Spand
(2) Loose type flanges with hubs

Longitudinal hub stress Sy = ZQLZ(; < 1.55¢
i

_ (1.33te+1)M,

Radial flange stress Sp = 25

<S

Tangential flange stress St —Y —ZS5x < &

Combined stress

R < Spand
Sy + Sy
2 5
where,
L = factor _ (et L &
T d

d = factor = v ho gé for integral type flanges

- _f
e = factor “r
V,, = factor for loose type flanges (from Fig. 2-7.5)
F; = factor for loose type flanges (from Fig. 2-7.4)

(3) Loose type flanges without hubs

Longitudinal hub stress Sy = 0
Radial flange stress Sp = 0

Tangential flange stress Sy = < St
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Combined stress

M < Sfand
2
Sy + St
> < Sf
where,
+1) 1t

(e+]) 0

L = factor= T d
U

d = factor = —h,0;
Vi
F

e = factor= —-
hO

V, = factor for loose type flanges (from Fig. 2-7.5)
F;, = factor for loose type flanges (from Fig. 2-7.4)

(4) Optional type flanges (calculated as loose flanges without hubs)

Longitudinal hub stress Sy = 0

Radial flange stress Sp = 0

. _YMp
Tangential flange stress St = w25 < St
Combined stress

Sy+Sg
2

Sy + Sr
<5

where,

< Sfand

L =factor= T d

U
= factor = —h,g?

d =
Vi
a
e = factor= —
hO
Vi, = factor for loose type flanges (from Fig. 2-7.5)
F; = factor for loose type flanges (from Fig. 2-7.4)
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(5) Reverse type flanges
Mo

. . _ f
Longitudinal hub stress Sy = PP < 1.55
i _ (1.33te,+1)Mp
Radial flange stress Sp = ST <Sf
YM, 0.67te,+1

Tangential flange stress S, =——— —
8 g T Tt2B R133te,+1 ~°f

Combined stress

Sy+Sg

5 < Sfand
Sy + St
s <S¢
where,
3
L, = factor = e+l + ;—
d, = factor = %hogg
F
e, = factor = o
h, = factor =\/Ago
1406685
a, = 7
7403
L. = 7-03 T
Ur = ayU
YT - ayY
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TABLE 2-5.1
GASKET MATERIALS AND CONTACT FACINGS!
Gasket Factors m for Operating Conditions and Minimum Design Seating Stress y

Gasket Min. Design Facing Sketch
Factor Seating Stress y, and Column
Gasket Material m psi (MPa) Sketches in Table 2-5.2
Self-energizing types (0 rings, metallic, elastomer, other 0 0 (0)
gasket types considered as self-sealing)
Elastomers without fabric or high percent of asbestos fiber:
Below 754 Shore Durometer 0.50 0 (0) Q (1a),(1h),(1c),(1d),
75A or higher Shore Durometer 1.00 200 (1.4) (4),(5); Column 11
Asbestos with suitable binder for operating conditions:
1, &
% in. (3.2 mm) thick 2.00 1,600 (11) Q
L in. (1.6 mm) thick 2.75 3,700 (26) (1(1’;((15%{‘(é;|t$:)|‘1
Y, in. (0.8 mm) thick 3.50 6,500 (45) e

Elastomers with cotton fabric insertion 1.25 400 (2.8) Q (1a),(1b),(1c),(1d),
(4),(5); Column II

Elastomers with ashestos fabric insertion (with or
without wire reinforcement):

3-ply 2.25 2,200 (15) @
(12),(1b),(10),(1d),
2-ply 2.50 2,900 (20) Q (4),(5); Column 11

1-ply 2.75 3,700 (26) Q

Vegetable fiber 1.75 1,100 (7.6) Q (1a),(1b),(1¢), (1),
(4)(5); Column II

Spiral-wound metal, asbestos filled:

Carbon 2.50 10,000 (69)
Stainless, Monel, and nickel-base 3.00 10,000 (69) (1a),(1b); Column II
alloys

Corrugated metal, asbestos inserted, or corrugated metal,
jacketed asbestos filled:
Soft aluminum 2.50 2,900 (20)

Soft copper or brass 2.75 3,700 (26) L0

Iron or soft steel 3.00 4,500 (31) (1a),(1b); Column II
Monel or 4%—6% chrome 3.25 5,500 (38) Lz

Stainless steels and nickel-base alloys 3.50 6,500 (45)
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TABLE 2-5.1
GASKET MATERIALS AND CONTACT FACINGS! (CONT’D)
Gasket Factors m for Operating Conditions and Minimum Design Seating Stress y

Min. Design
Gasket Seating Facing Sketch
Factor Stress y, psi and Column
Gasket Material m (MPa) Sketches in Tahle 2-5.2

Corrugated metal:

Soft aluminum 2.75 3,700 (26) P

Soft copper or brass 3.00 4,500 (31) .
Iron or soft steel 3.25 5,500 (38) (la)‘(lb)’(cl:ltﬁ::){l
Monel or 4%—-6% chrome 3.50 6,500 (45)
Stainless steels and nickel-base alloys 3.75 7,600 (52)

Flat metal, jacketed asbestos filled:
Soft aluminum 3.25 5,500 (38) -
Soft copper or brass 3.50 6,500 (45) == (12).(1b). (1) 2
Iron or soft steel 3.75 7,600 (52) o 1 (o’
Monel 3.50 8,000 (55) ! !

! | [T

4%-6% chrome 3.75 9,000 (62) = Column
Stainless steels and nickel-base alloys 3.75 9,000 (62)

Grooved metal:
Soft aluminum 3.25 5,500 (38)
Soft copper or brass 3.50 6,500 (45)
Iron or soft metal 3.75 7,600 (52) (l(a;;((lsb))_’ (Clgl)d;}:)l‘l
Monel or 4%—6% chrome 3.75 9,000 (62) e
Stainless steels and nickel-base alloys 4.25 10,100 (70)

Solid flat metal:

Soft aluminum 4.00 8,800 (61) Q

Soft copper or brass 4,75 13,000 (90) (1a),(1b),(1c),(1d),
Iron or soft steel 5.50 18,000 (124) (2),(3),(4),(5);
Monel or 4%-6% chrome 6.00 21,800 (150) Column 1
Stainless steels and nickel-base alloys 6.50 26,000 (180)

Ring joint:
Iron or soft steel 5.50 18,000 (124)
Monel or 4%—6% chrome 6.00 21,800 (150) (6); Column I
Stainless steels and nickel-base alloys 6.50 26,000 (180)

NOTES:

(1) This Table gives a list of many commonly used gasket materials and contact facings with suggested design values of m and y that have
generally proved satisfactory in actual service when using effective gasket seating width b given in Table 2-5.2. The design values and other
details given in this Table are suggested only and are not mandatory.

(2) The surface of a gasket having a lap should not be against the nubbin.
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TABLE 2-5.2
EFFECTIVE GASKET WIDTH?
Basic Gasket Seating Width &,
Facing Sketch (Exaggerated) Column I Column II
(1a) Ll I 2222777
(i
- N
N N
2 2
. - N =
(1b) M‘%% hbdid it
PSS NN
e /2 e e
See Note (1) N
ucwfa
(1c)
. T
727, 2774
- [\ > w< N } ) .
w+ T (wt N ) W+I'W+Nmax
W 2 [ g Max 2 |74 _
(1d) i |
NN T
A A AL /+
See Note (1) - [\ = w< N
w
(2) \ D _:I-/ ]:F
1/ga in. (0.4 mm) nubbin-4 SRR - il %3"”
[ w < NJ2
- w
@ Loz
/g4 in. (0.4 mm) nubbin] NN N ELL)
T //I/ ////|/ rl 4 8
-~ N w = N/2
e A A
(4) v
OS] 3N 7N
See Note (1) l: N:I ’ 8 16
e A AA A
(5)
NN N 3N
n?'r)m’m aq )
See Note (1) N
(6) W=
L AAISIs, w
T 8
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TABLE 2-6

MOMENT ARMS FOR FLANGE LOADS UNDER
OPERATING CONDITIONS

hp

hr

Integral type flanges [see
Fig. 2—4 sketches (5),
(6), (6a), (6b), and
(7)1; and optional type
flanges calculated as
integral type Lsee Fig.
2-4 sketches (8), (8a),
(9), (9a), (10), (10a),
and (11)]

Loose type, except lap-
joint flanges [see Fig.
2-4 sketches (2), (2a),
(3), (3a), (4), and
(4a)l; and optional
type flanges calculated
as loose type Lsee Fig.
2-4 sketches (8), (8a),
(9), (9a), (10), (10a),
and (11)]

Lap-type flanges [see Fig.

2-4 sketches (1) and
(1a)l

R+ 0.59;
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Problem 2:
(Example from “Taylor Forge & Pipe Works, 19617)

Flange Details:

Flange Type : Loose Flanges with Hubs
Flange Outside Diameter [A] = 40.375 (inch)
Flange Inside Diameter [B] = 33.25 (inch)
Inside Diameter of Reverse Flange [B'] = 20 (inch)
Flange Thickness [t] = 2.125 (inch)

Small End Hub Thickness [g0] = 0.875 (inch)
Large End Hub Thickness [g1] = 1.125 (inch)
Hub Length [h] = 2.5 (inch)

All Stress @ Design Temp [sf] = 17500 (psi)
AlL Stress @ Ref. Temp [sfa] = 17500 (psi)
Modulus @ Design Temp [E] = 2.7E+7 (psi)
Modulus @ Ref. Temp [Ea] = 2.92E+7 (psi)

Bolting Information:

Bolt Circle Diameter = 38.25 (inch)

Number of Bolts = 44

Bolt Diameter = 1 (inch)

AlL Stress @ Ref. Temp [sa] = 20000 (psi)
All Stress @ Design Temp [sb] = 20000 (psi)

Gasket Information:

Gasket Outside Diameter = 35.75 (inch)
Gasket Inner Diameter = 34.25 (inch)
Leak Pressure Ratio [m] = 2.75

Gasket Seating Stress [y] = 3700 (psi)
Facing Sketch =1

Facing Column =1

Load Data:

Design Pressure = 400 (psi)
Design Temperature = 500 (F)
Axial Force = 1000 (Ib)
Bending Moment = 200 (ft-1b)
Allowable Pressure = 665 (psi)
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Comparison of Results:

Flange Stresses Text Book Results | CAEPIPE CAESARII
(psi) (psi) (psi)
Operating condition
Longitudinal Hub (SH) 20800 21153 21214
Radial Flange (SR) 11100 11110 11155
Tangential Flange (ST) 13800 13826 13797
0.5(SH + SR) 15950 16132 16185
0.5(SH + ST) 17300 17489 17506
Gasket Seating Condition
Longitudinal Hub (SH) 14400 14623 15095
Radial Flange (SR) 7660 7681 7938
Tangential Flange (ST) 9500 9558 9818
0.5(SH + SR) 11030 11152 11517
0.5(SH + ST) 11950 12091 12457
Problem 3:

(Example 10.5 on page 209 Chapter 10 on “CASTI Guidebook to ASME Section VIII Div.1
— Pressure Vessels — Third Edition”)

Flange Details:

Flange Type : Reverse Flanges

Flange Outside Diameter [A] = 49 (inch)
Flange Inside Diameter [B] = 48.25 (inch)
Inside Diameter of Reverse Flange [B'] = 20.25 (inch)
Flange Thickness [t] = 5.25 (inch)

Small End Hub Thickness [g0] = 0.375 (inch)
Large End Hub Thickness [g1] = 1.375 (inch)
Hub Length [h] = 6 (inch)

All Stress @ Design Temp [sf] = 12000 (psi)
AlL Stress @ Ref. Temp [sfa] = 20000 (psi)
Modulus @ Design Temp [E] = 2.7E+7 (psi)
Modulus @ Ref. Temp [Ea] = 2.92E+7 (psi)

Bolting Information:

Bolt Circle Diameter = 44 (inch)

Number of Bolts = 32

Bolt Diameter = 1.25 (inch)

AlL Stress @ Ref. Temp [sa] = 25000 (psi)
AlL Stress @ Design Temp [sb] = 21000 (psi)

Gasket Information:

Gasket Outside Diameter = 24 (inch)
Gasket Inner Diameter = 22 (inch)
Leak Pressure Ratio [m] = 2.50
Gasket Seating Stress [y] = 10000 (psi)
Facing Sketch =1
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Facing Column = 1
Load Data:

Design Pressure = 150 (pst)
Design Temperature = 800 (F)
Axial Force = 1000 (Ib)
Bending Moment = 200 (ft-1b)
Allowable Pressure = 665 (psi)

Comparison of Results:

Flange Stresses Text Book Results | CAEPIPE CAESARII
(psi) (psi) (psi)
Operating condition
Longitudinal Hub (SH) 2060 2257 2055
Radial Flange (SR) 280 307 280
Tangential Flange (ST) 1340 1314 1336
0.5(SH + SR) 1170 1282 1168
0.5(SH + ST) 1700 1785 1695
Gasket Seating Condition
Longitudinal Hub (SH) 9220 10082 9220
Radial Flange (SR) 1260 1372 1257
Tangential Flange (ST) 6000 7004 5997
0.5(SH + SR) 5240 5727 5239
0.5(SH + ST) 7610 8543 8703
Problem 4:

(Example from KEDKEP CONSULTING, INC. dated May 27, 2008)

Flange Details:

Flange Type : Loose Flanges without Hubs / Optional Flanges
Flange Outside Diameter [A] = 38.4 (inch)

Flange Inside Diameter [B] = 32 (inch)

Inside Diameter of Reverse Flange [B'] = 32 (inch)

Flange Thickness [t] = 4 (inch)

Small End Hub Thickness [g0] = 0.001 (inch)
Large End Hub Thickness [g1] = 0.001 (inch)

Hub Length [h] = 0.001 (inch)

AlL Stress @ Design Temp [sf] = 20000 (psi)
AlL Stress @ Ref. Temp [sfa] = 20000 (psi)

Modulus @ Design Temp [E] = 2.7E+7 (psi)
Modulus @ Ref. Temp [Ea] = 2.92E+7 (psi)

Bolting Information:

Bolt Circle Diameter = 36 (inch)

Number of Bolts = 28
Bolt Diameter = 1 (inch)
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AL Stress @ Ref. Temp [sa] = 25000 (psi)
All Stress @ Design Temp [sb] = 25000 (psi)

Gasket Information:

Gasket Outside Diameter = 32.75 (inch)
Gasket Inner Diameter = 32 (inch)
Leak Pressure Ratio [m] = 0.50

Gasket Seating Stress [y] = 0 (psi)
Facing Sketch = 2

Facing Column = 2

Load Data:

Design Pressure = 300 (psi)
Design Temperature = 295 (F)
Axial Force = 1000 (Ib)
Bending Moment = 200 (ft-1b)
Allowable Pressure = 665 (psi)

Comparison of Results:

Flange Stresses Text Book Results | CAEPIPE CAESAR
(psi) (psi) II
(psi)
Operating Condition
Longitudinal Hub (SH) 0 0 3
Radial Flange (SR) 0 0 0
Tangential Flange (ST) 10577 10569 10618
0.5(SH + SR) 0 0 1.5
0.5(SH + ST) 0 0 5310.5
Bolt Stress 16378 16371 16445
Gasket Seating Condition
Longitudinal Hub (SH) 0 0 3
Radial Flange (SR) 0 0 0
Tangential Flange (ST) 12147 11987 12166
0.5(SH + SR) 0 0 1.5
0.5(SH + ST) 0 0 6085
Bolt Stress 0 0 124

645




This page is blank



Index



Index

A

absolute sum, 72, 82, 201, 202
acceleration, 72, 73, 74, 331
spectral, 331
vector, 198, 202, 203, 331

additional weight, 149, 311, 314, 396, 429, 430

analyze, 27
anchor, 134
displacements, 135
releases for hanger selection, 135
settlement, 136
stiffness, 134
angle
valve, 434
animate
deflected shape, 130
mode shape, 131, 205
ANSI pipe sizes, 158, 401
API, 189, 355
API 610 (Tenth Edition, 2004), 564
APl 610 report, 355, 362
API 617, 355
API 617 report, 189, 574
API 650, 347, 350
automatic
save, 15
automatic node renumbering, 16, 43
axes, 111
elastic element, 207
local beam, 143
local coordinate system, 315
symbol location in graphics, 111
axial force, 59, 233
axial stiffness, 345, 587, 590

B

B31.1(1967) code, 455

B31.1(2012) code, 438

B31.3 (2012) code, 447

B31.4 (2012) code, 458

B31.5 (2013) code, 465

B31.8 (2012) code, 470

B31.9 (2008) code, 477

backup, 15

ball joint, 139
displacements, 387
friction, 343
rotation limit, 140
stiffness, 139

batch file, 580
example, 595
export, 25, 600
import, 578

beam, 142
additional weight, 149
AISC library, 146

648

beta angle, 143
end releases, 143
load, 148
local coordinate system, 150
material, 143
orientation, 150
section, 145
beam section library
files, 19
bellows, 155
displacements, 387
stiffness, 155
tie rods, 420
bend, 157
check, 85
examples, 159
180° bend, 162
45° bend, 161
90° bend, 160
base supported, 170
flanged, 163
reducing, 166
supported by a hanger, 168
flexibility factor, 158
incomplete, 85
intermediate nodes, 159
invalid, 85
long radius, 157, 158
material, 158
pressure correction, 64
pressure stiffening, 64
radius, 158
short radius, 157, 158
SIF, 159, 166
tangent intersection point, 157
thickness, 158
bottomed-out springs, 415
Bourdon effect, 63
branch connection, 298
nonstandard, 428
stresses, 374
branch line, 39, 175, 254
branch nodes, 295
branch SIF, 174
BS 806 code, 494
buried piping, 177
general procedure, 177
ground level, 178
nomenclature, 179

C

center, 106
center of gravity, 132
change, 42
check
bend, 85
connections, 88
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circumferential participation factors, 200
joint factor, 322, 324, 328 response spectrum, 201
stiffness, 347, 604, 605, 606, 607 support motion, 200

closely spaced modes, 202 time history, 202

code compliance, 374 dynamic susceptibility, 205

cold load, 273 environment variable, 205

cold spring, 186 method, 618

color code stresses, 126

combine, 42 E

command line operation, 580

comment, 188 earthquake, 201

compressor, 189 edit

concentrated mass, 192 copy, 29

cone angle, 363, 364 data, 29

connected node, 303, 398 find and replace, 31
hanger, 272 menu, 29
skewed restraint, 404 paste, 31

constant support, 193 type, 29
user defined hanger, 426 effective modal mass, 201

coordinates, 84, 254, 342 eigenvalues, 198

copy graphics, 103 eigenvector, 198

core pipe, 284, 288, 319, 413 normalized, 331

core properties, 287 elastic element, 207

corrosion allowance, 400 stiffness, 207

cut pipe, 71, 186, 297 elastic modulus, 63

cutoff frequency, 291, 293 elbow, 157

pressure balanced, 217

D element forces, 123, 381

element forces and moments

damping in local coordinate system, 318
harmonic load, 82 element stresses
time history, 80 FRP, 225

data types, 194, 298 element types, 296

deflected shape, 130 EMF file, 101, 267
animated, 130 EN 13480 (2012) code, 498

delete, 35 environment variable

density, 327 BOURDONP, 64

design CPITER, 346
factor, 57 dynamic susceptibility, 205
hanger, 271 HARTLEN, 205
pressure, 313 EPS file, 101, 267
temperature, 313 exit, 346, 393

DIN pipe sizes, 158, 401 expansion joints, 155, 208

direction, 195 bellows, 208

direction sum, 79 dual gimbal, 213

disable graphics editing, 15 gimbal, 213

displacement vector, 198, 201 slotted hinge, 220

displacements tied bellows, 208
anchor, 135 universal joint, 211
nozzle, 348 export

drawing size, 103 3D Plant Design, 26

duplicate last row, 51 mbf, 25

DXF file, 102, 267

dynamic analysis, 198 F
closely spaced modes, 202
effective modal mass, 201 fiber reinforced plastic piping (FRP), 225, 226
friction, 66, 344 flexibility factor, 226
modal analysis, 198 moduli, 226
modal equations, 199 SIF, 226
orthogonality, 199 siffness matrix, 226
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find and replace, 31
find node, 55
flange, 230
allowable pressure, 231
equivalent pressure, 231
flange and bolt stresses, 234
gasket diameter, 231
library, 231
model
files, 19
rating, 231
report, 375
flange and bolt stresses, 234
flange module, 234
flexibility factor
bend, 158
FRP, 226
miter bend, 335
font
graphics, 16, 111
printer, 100
printer, 26, 116
text, 15, 16, 69, 395
force, 246
force spectrum, 93, 248
convert time function, 251
load, 252
read from a text file, 251
frequencies, 388
closely spaced, 202
frequency
circular, 200, 331
natural, 619
friction, 344
ball joint, 345
guide, 344
hinge joint, 345
in dynamic analysis, 66, 344
limit stop, 344
slip joint, 345

friction coefficient, 29, 269, 303, 343, 415
friction force, 269, 301, 303, 344, 409
friction torque, 139, 277, 344, 345, 409

From node, 254
FRP Stress, 557

G

gasket diameter, 231

generate, 46

generic support, 256

g-load, 72, 434

global
axes, 38
coordinate system, 315
forces, 382
origin, 178, 292
vertical axis, 67

graphics, 54
background, 111
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center, 106
context menu, 260
editing, 261
font, 111
hotkeys, 264
previous view, 105
print, 100
recover, 113
render, 107
rotate, 264
show, 106
turn, 106
viewpoint, 105, 264
zoom, 106
graphics window, 259, 264
guide
friction, 344
friction coefficient, 269
gap, 269
local coordinate system, 270
stiffness, 269

H

hanger, 271
below, 272
catalog, 273, 414
cold load, 272
connected node, 272
constant support, 193
design procedure, 273
hot load, 273
load variation, 273
manufacturer, 273
number of, 272
report, 375, 398
rod, 398
short range, 272
stiffness, 272
to be designed, 271, 298
travel, 273, 343, 415
type, 272
user, 426
harmonic analysis, 203
harmonic load, 81
combination, 82
damping, 82
frequency, 82
phase angle, 81
harmonic response, 82
hinge joint, 276
angular stiffness, 277
axis direction, 278
displacements, 387
example, 279
friction, 345
friction torque, 277
rotational limit, 277
rotational stiffness, 277
Weight, 278
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hotkeys
graphics window, 264
layout window, 294
results window, 393
hydrotest
load, 282
load case, 283

import, 14
import model, 578
increase digits, 292
input
new material, 324
insert, 35
installation, 2
insulation, 402
density, 402
thickness, 402
intermediate nodes, 159
internal nodes, 288

J

jacket end cap, 284
jacket pipe, 321
jacket properties, 287
jacketed bend, 286
internal nodes, 288
jacketed pipe, 285
internal nodes, 286
jacketed piping
jacketed bend, 286
jacketed reducer, 288
JIS pipe sizes, 158, 401
joint factor, 328
circumferential, 328
longitudinal, 324, 328

K

knuckles
reducer, 364

L

lateral tee, 176
layout window, 291
left out force, 331
liberal allowable stresses, 59
limit stop, 301
friction, 344
nonlinearities, 343
solution procedure, 343
lining, 402
list, 54
load
additional weight, 314
combinations, 76
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pressure, 313
snow, 314
specific gravity, 314
spectrum, 78
static seismic, 72
temperature, 313
wind, 314
load cases, 71
cold spring, 186
force spectrum, 252
hydrotest, 283
print results, 115
loads
acceleration, 73
force spectrum, 249
thermal, 71
local coordinate system, 315

element forces and moments, 318

for a beam, 150
for a bend, 317
for a guide, 270
for a pipe, 315
local forces, 318
location, 319

logarithmic interpolation, 201, 604

long radius, 157, 158, 586
longitudinal
joint factor, 324, 328
pressure stress, 63, 328

longitudinal stiffness, 347, 604, 605, 607

M

material
create library, 328
define, 321
density, 327
description, 327
input, 324
name, 327
selectr from library, 326
type, 327
menus, 11
graphics window menus, 100
file menu, 100
options menu, 111
view menu, 105
layout window menus, 19
edit menu, 29, 293
file menu, 19, 293
help menu, 294
loads menu, 71, 294
misc menu, 83, 294
options menu, 56, 293
view menu, 54, 293
window menu, 98, 294
results window menus, 114
merge, 20
missing mass correction, 331
miter bend
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closely spaced, 335
flexibility factor, 335
modeling procedure, 336
parameters, 335
widely spaced, 334, 335
modal analysis, 198
modal displacements, 199
mode shapes, 101, 124, 131, 265
mode sum, 79
model file
automatic save, 15
backup, 15
save, 19
modulus
cold, 63
elastic, 63
hot, 63
multiple split, 37

N

NDE, 558
NEMA SM-23 report, 572
node, 342
find, 55
increment, 70
internal, 288
list coordinates, 342
specifying coordinates, 342
nominal diameter, 401
nonlinearities, 343
ball joint, 345
friction, 344
guide, 344
hinge joint, 345
limit stop, 344
misconvergence, 346
number of iterations, 346
slip joint, 345
types, 343
nonstandard
branch connection, 428
pipe, 401
Norwegian (1983) code, 507
Norwegian (1990) code, 515
nozzle, 347
axial stiffness, 347, 604, 605, 607
circumferential stiffness, 347, 604, 605, 607
coordinate system, 347, 604
displacements, 350
example
on a cylindrical vessel, 351
on a flat-bottom storage tank, 352
longitudinal stiffness, 347, 604, 605, 607
on a cylindrical vessel, 347
reinforcing pad, 350
settlement, 351
stiffness calculations, 604
stiffness coefficients, 604
NRC Guide 1.92, 202
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number of modes, 331

number of thermal cycles, 516
number of thermal loads, 61, 149, 311
number of time steps, 80

o

occasional load, 63, 72, 253
occasional load., 74
Operating Stress for NDE, 558
options menu, 56

other element forces, 129

P

pad thickness, 174
participation factor, 200, 331, 388
period, 201, 388
phase angle
harmonic load, 81
pipe skirt, 415
pipe sleeve, 414
pipe slide assembly, 415
pipe slide/shoe assembly, 306
piping code, 56
plot title, 104
PLT file, 101, 267
Poisson’s ratio, 328
Postscript, 101, 267
pressure
gauge, 313
negative, 313
pressure correction for bends, 64
pressure stiffening in bends, 64
pressure stress, 63
previous view, 54, 105
print, 100
graphics, 100
model, 26
preview, 101, 103
results, 115
load cases, 115
misc, 116
model, 114
to file, 119
to file, 101
printer, 100, 116
font, 26, 116
pump, 355

Q

QA block, 27

R

recover graphics, 113
redo, 52

redraw, 107

reducer, 363
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concentric, 363
example, 365

cone angle, 363, 364

delta, 365

eccentric, 363
example, 366

example
concentric, 365
eccentric, 366

jacketed, 368

knuckles, 364

SIF, 364

stresses, 365

weight, stiffness and stress calculation, 365

reducing tee, 175
reference temperature, 60, 291, 293, 586
regenerate, 51
releases for hanger selection, 134
relief valve, 434
render, 107
renumber nodes, 43
report
flange, 233, 375
hanger, 375
rotating equipment, 375
response spectrum, 65, 71, 93, 201, 351
restraint, 370
stiffness, 370
results window, 371
rigid body force, 331
rigid element, 396
stiffness, 396
weight, 396
rod hanger, 398
stiffness, 398
rotate, 39
rotation limit
ball joint, 140
hinge joint, 277

S

save, 27,294
automatic, 15
section, 400
ANSI pipe sizes, 401
corrosion allowance, 401
DIN pipe sizes, 401
insulation, 402
JIS pipe sizes, 401
lining, 402
mill tolerance, 401
name, 401
nominal diameter, 401
nonstandard, 401
schedule, 401
section modulus, 401
settlement
anchor, 136
nozzle, 351
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shape factor, 77
shear

area, 146
deflection, 146

shear deflection, 146
short radius, 157, 158
show nodes, 107

SIF

branch, 174, 298
FRP, 226
reducer, 364
user, 299, 428
weld, 435

sign conventions, 318
skewed restraint, 403

connected node, 405
direction, 404
example

sway brace, 405
rotational, 404
stiffness, 404
translational, 404
type, 404

slip joint, 409

friction, 345

friction force, 409
friction torque, 409
pressure thrust area, 409

slope, 38
snow load, 149, 311, 314
snubber, 412

stiffness, 412

soil restraints, 376

sorted stresses, 122, 126, 260, 372, 374, 394
specific gravity, 314

spectrum

direction sum, 79
load, 78
mode sum, 79

spectrum library, 90, 91

files, 19, 114, 293

spectrums, 90
spider, 413
split, 36

multiple, 37

spring rate, 66, 193, 273, 398, 426, 593
SRSS, 72,74, 79, 201

static analysis, 57

static seismic analysis, 74

static seismic load, 72

stiffness

anchor, 134

ball joint, 139

bellows, 155

elastic element, 207

guide, 269

hanger, 272

hinge joint, 277

include hanger stiffness, 66
limit stop, 303
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nozzle, 347, 604

reducer, 365

restraint, 370

rigid element, 396

rod hanger, 398

snubber, 412

tie rod, 420

user hanger, 426

valve, 430
stiffness matrix, 66, 198, 202, 203, 273, 343, 344

FRP, 226
Stoomwezen code, 543
stress range reduction factor, 59, 61
stresses

color coded, 126

FRP, 227

liberal allowable, 59

occasional, 74, 401

reducer, 365

sorted, 122, 126, 260

sustained, 401

thresholds, 128
support load summary, 376
support loads, 379
support motion, 200
supports, 414

anchor, 414

generic, 256

guide, 415

hangers, 414

limit stop, 415

restraint, 414

skewed restraint, 414
sway brace, 403, 405, 414
sway struts, 403, 414
Swedish code, 545
sweepolet, 585

T

tangent intersection point, 157, 299, 317, 585
tee
extruded, 585
fabricated, 585
pressure-balanced, 216
SIF, 174
welding, 298, 585
Tee, 215, 417
tensile strength, 328
thermal cycles, 516
thermal loads, 71, 135, 311, 351
threaded joint, 295, 299
tie rod, 420
modeling, 222
stiffness, 420
time functions, 94
time history, 202
damping, 80
output interval, 80
time step, 80
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time history load, 79
title

plot, 104
turbine, 422
turn, 106

U

u-bolt, 415
undo, 51
units
English, 68
Metric, 69
SI, 68
user allowables, 96
user hanger, 426
constant support, 426
load, 426
spring rate, 426
stiffness, 426
user SIF, 428
u-strap, 415

Vv

valve, 429
additional weight, 430
angle, 434
calculation of moment of inertia, 434
insulation weight X, 430
length, 429
library, 431
files, 19
relief, 434
stiffness, 430
thickness X, 430
weight, 429
velocity vector, 202
view
previous, 105
viewpoint, 54, 105

W

weight multiplier, 434

weld, 435

weldolet, 585

wind load, 76, 314
shape factor, 77

wind pressure, 78

wind profile, 77

WRC 297, 347

Y

Y factor, 327

4

7183 code, 549
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7184 code, 553 in, 106

zero length element, 139, 276 out, 106

zoom window, 266
all, 54, 106
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