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Tutorial for Modeling and Results Review — Problem 1

The best way to learn CAEPIPE is to try it yourself. In this tutorial we will create a simple model to help
you understand the use of CAEPIPE. The details of the model are shown below:

Y

sy

A53 Grade B material
Calcium silicate insulation, 2" thk
200 psi, 600 F

Contents specific gravity = 0.8 ~220

6" std pipe

80

50 Specified displacement: Y = 0.5"

You will learn how to:

Enter Title

Select Analysis options (piping code etc.)

Define Material, Section and Loads for the model
Input Model Layout

Select Load Cases for Analysis

Analyze

View Results

ARG o e

D Start CAEPIPE. Click on the option “File > New” from the layout window. The “New file”
dialog opens.

* Maodel [rmod)

" Material Library [.mat)

" Spectum Libramy [.zpe)
" Walve Libram [wval)

(" Beam Section Library [.bli)
" Flange Qualification [.fig)
" Mozzle Evaluation [ noz)

" Lug Ewvaluation [.lug)

(] 4 | Cancel |
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From the “New file” dialog, select the type of the new file as “Model (mod)” file. This opens two
independent windows: “Layout” and “Graphics”.

Layout window

*I* Caepipe: Layout (2} - [Untitled]

File Edit View Options Loads Misc Window Help

Node Type|D>< ftin") \DY ftin) \Dz ftin") | Matl | Sect | Load | Data

Title =

1
2 |10 Fram Anchor
3

Graphics window

*i* Caepipe : Graphics - [Untitled]

File View Options Window Help

Adjust the size of the windows to fit your desktop such that you can view both comfortably at the same
time.
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1. Enter Title
Type “Sample Problem” as the title in the first row that contains “Title =”. Press Enter.
2. Select Analysis options (piping code etc.)

Click on the “Options” menu and then select “Analysis” (Options > Analysis) to specify options for
analysis.

*I* Caepipe: Layout (2] - [Untitled]

File Edit View Options Leads Misc Window Help

—~ [ Analysis... ]
D i G Units... Ctrl+U '

# [Mode |TypE Font... ct
1 | Title = Samp Increase Font... Ctrl+Up

2 |1 1] Fram Decrease Font... Ctrl+Down Anchor
3 Mode increment...

This opens the “Analysis” Options dialog.

Analysis Options

Code |Ternperature| F‘ressurel D'_mamicsl Misc I

Piping code

W Usze E31J for 51Fs and Flexibility Factors
¥ Include axial force in stress calculations

[ Usze liberal alowable streszes

ok | cancel |

On the Code property page, select “B31.3 (2022)” for Piping code. Then click on “OK” to close “Analysis
Options” dialog.
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3. Define Material, Sections and Load Material

Click on “Matl” in the header in the Layout window (or press “Ctrl+Shift+M”)

=i= Caepipe : Layout (2] - [Untitled]

File Edit Wiew Options Loads Misc Window Help

T2 E & BEEE

Node | Type | DX (ftin") | DY itin") | DZ @itin") | Matl | Sect | Load | Data
Title = Sample Froblem e
hD Frarn Anchor

This opens up the “Materials” list in a separate “List” window. Position and resize the list window as you
desire. Click on “Library” button on the “Toolbar” (or choose File > Library).

The “Open Material Library” dialog is shown

=i* Open Material Library

Lock in: | * Material_Library | « £k Bl
Mame a Date modified

D B313-2022.mat 18-12-2023 03:11

D B314-2007 em-s 23-07-2014 22:50

Type: MAT File

("] B314-20( Date modified: 18-12-2023 03:11 23-07-2014 22:50
[ B314-201Z/mat 13-06-2019 21:50

File name: IE.'EI.'I.'EI:—E‘I]ZZ Open

Files of type: | Material Library files (*mat) | Cancel L
/

Select “B313-2022.mat” as the library file to open by double clicking on it. The available materials in the
library are shown.
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Material Library - [B313-2022.mat (C:...
Piping code : B31.3

+*

kd aterial Deszcription
453 GRADE A |
A53 GRADE B
A10E GRADE A
A106 GRADE B
A106 GRADE C
A135 GRADE A
A135 GRADE B
AP BL =46

AP BL =42

AP BL- =52
API5L-+5E
A281535

k. | Cancel Library

Double click on “A53 Grade B” material to select it. The properties for this material are transferred to the
material in the List window. Type “A53” for material name and then press “Enter”.

Qo= | | LD )

o

—_
(s}

—_
—_

—_
I

=i~ Caepipe : Matenials (0) - [Unttled]

File Edit View Optiens Misc Window Help

IID il O - I - e

MName Description Ty [Density [Nu | Joint |Yield |Tensile |# |Temp E Alpha | Allowable
pe |ilbfin3) factor |(psi) | (psi) Fl (psi) (infin/FY | (psi)
A ABIGRADEE |CS (0.283 |03 |1.00 |35000 (60000 -20 29.9E+6 | 6.25E-6 | 20000

1

'z |18 29.7E+6 [B.31E-6 | 20000
ERED 29.4E+6 [ 6.40E-6 | 20000
[4 |100  |29.3E+6 | 6.47E-6 | 20000
'6 |200 | 28.8E+6 | 6.70E-6 | 20000
6 |300 | 28.3E+6 |6.90E-6 | 20000
7 |400  |27.4E+6 | 7.10E-6 | 19300
'8 |s00  |27.3E+6 | 7.30E-6 | 19000
'9 |600 | 26.5E+6 | 7.40E-6 | 17300
(101|650 | 26.0E+6 | 7.50E-6 [ 17300
[11|700 | 2556+ | 7.60E-6 [16700
780 | 24.9E+8 | 7.70E-6 | 13900
800 | 24.2E+6 | 7.80E-6 11400
14 (880 | 23.4E+6 | 7.85E-6 | 8700
[15|900 | 22.5E+6 | 7.90E-6 5900
16 (950 | 21.5E+6 | 8.00E-6 | 4000
17 (1000 |20.4E+B|8.10E-B | 2500
18 (1050 |19.2E+6 | 8.15E-6 | 1600
[19|1100 |18.0E+6 |8.20E-6 [1000
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Sections

Select “Sections” from the “Misc” menu of the List window (or press “Ctrl+Shift+S”).

*i* Caepipe : Materials (0] - [Untitled]

Eile Edit View Options Misc Window Help
. - . Coordinates Crl+ Shift+C
" = p Materials Ctrl+Shift+M " e = o l o
ame Bserp 'Dr[ Sections Ctrl+ Shift+S ]i?)s'e (F'?mp - [in?in?l—_) (psﬂi)Wﬁ B
1 453 A53 GRAD Loads Ctri=shift=L 3gap" |1 |20 | 29.9E+6 | 6.25E-6 | 20000
Beam Materials 2_13 ?9.7E+6 |6.31E-B | 20000
N Beam Sections 3_?|:| 29 4E+6 | 640E-B | 20000
] Beam Loads (4 100 | 29.3E+5 | 6.47E-6 | 20000
H pumps 5 |200 |28.8E+6 |5.70E-6 | 20000
B Camessors 6 300 | 26.3E+6 | B.90E-6 | 20000
B rarbines 7 400 |27.4E+6|7.10E-5 | 13300
8§ |500  |27.3E+6 |7.30E-6 | 13000
N Spectrums '3 |00 | 26.5E+6 | 7.40E-6 | 17900
N Force spectrums (10 |650 | 26.0E+6 | 7 50E-6 | 17300
N Time Functions (11| 700 | 255E+6 | 7 B0E-6 | 16700
N Soils (12 |750 | 24.9E+5 | 7.70E-6 | 13900
N (13 |800 | 24.2E+5 | 7.80E-6 | 11400
N (14850 | 23.4E+5 |7.85E-6 | 8700
N (15|00 |225E+5 | 7.90E-6 | 50D
] (16950 | 215E+6 | 8.00E-6 | 4000
] (171000 |20.4E+5 | 81066 | 2500
] (18 (1050 |19.2E+5 | 81566 | 1600
N (19 |1100 |18.0E+6 |8.20E-6 | 1000

The “Sections” list is shown. To enter the first section, Type “8” for section name and press “Enter”. The
Section Properties dialog is shown with the section name 8.

=i* Caepipe : Pipe Sections (0) - [Untitled]

File Edit Yiew Options Misc Window Help

HED G BHeE

# [Mame [MNom |Sch |0D | Thk | CorAl | M Tal [Ins Dens | Ing. Thk | Lin.Dens | Lin Thk | Soil
Dia (inch) [(inchy | (inch) | (32) | (lk/ft3) (inch) | (/3 {inch)

1149

The Section Properties dialog (“Section #17) is shown with the section name 8.
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Section # 1
Section name |E fo ANS| €7 DIN €7 Q15 ©° IS0
Naominal diameter |E" "l Schedule
a4
Outzide diameter | 1" [inch) Thickneszs [irizh)
1-144"
1-142"
) 2” . . -
Cormozion allowance 5419 [inch) kill tolerance [%]
3II
Insulation : Density | 3.9 o0 (b3 Thicknesz [inch)
4”
Lining : Denzity [5" (I3 Thicknesz [inch)
EII
R
0K Ca 10" ulation
-IEII

Click on the “down arrow” of the “Drop Down” combo box for “Nominal diameter” and select 8” for
“Nominal diameter”. The “Outside diameter” (8.625”) is automatically entered.

To select the schedule for the 8” pipe, click on the “down arrow” of the “Drop Down” combo box for
“Schedule” and select 80 for “Schedule”.

Section # 1
Section name |5 & AMSI O DIN O JIS €150
MNominal diameter |2 "l Schedule |55 -
]
Qutzide diameter |3.625 [inzh) Thickrneszz (105 [inzh]
L
20
Cormrosgion allowance [inzh) kdill tolerance g'%D [%]
Inzulation : Density (bS] Thickness 385 [inch)
G0
Lining : Density [IbEE3) Thickness |5 [inzh]
a0s
0k Cancel Inzulation 100
120

The “Thickness” (0.5”) is automatically entered.
For “Insulation density”, click on the “Insulation” button or Press “Alt+1”.

A table of “Insulation materials and their densities” is shown.
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Insulation Densities

Inzulation Denzity
b aterial (B3]

Amozite 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

]9 I Cancel |

Double click on “Calcium Silicate”. The “Insulation density” (15.0 Ib/ft3) is entered on the “Section”
dialog. Type 2 (inches) for “Insulation Thickness” then press “Enter” or click “OK” to enter the first
section.

=i* Caepipe : Pipe Sections (1) - [Untitled]

File Edit Yiew Options Misc Window Help

.Il\@l\. 0=

Mame | Mom [Sch (OO0 | Thk | CorAl | M Taol | Ins.Dens | Ins Thik | Lin.Dens | Lin Thk | Sail
Dia finchy | {inch) [ (inch) | (%) (lb/ft3) (inchy | (b/t3) finch)

1|8 " g0 8625 (0.5 15 2

Now repeat the process for the second section.

*I* Caepipe : Pipe Sections (2) - [Untitled]

File Edit View Options Misc Window Help

llmﬂaml«»

MName |Mom [Sch (0D | Thk | CorAl (M. Tol | Ins.Dens |Ins. Thk | Lin.Dens | Lin. Thk | Soil

Dia (inch) | (inchy | Gnch) (%) | (b3 |Gnch) | gbM3) | (inch)
BE 8 |80 |8625 |05 15 2
2 |6 B |STD |6.625 |0.28 15 2
3 |l
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In row # 2, type 6 for section “Name” and press Enter. The “Section Properties” dialog is shown with
the section name “6”. Select 6” for “Nominal diametet”, STD for “Schedule” and 2 Calcium Silicate for
“Insulation”. Press “Enter” or click on “OK” to enter the second section.

Load

Select “Loads” from the “Misc” menu (or press “Ctrl+Shift+L”).

=i~ Caepipe : Pipe Sections (2] - [Untitled]
File Edit View Options Misc Window Help
‘ Coordinates Ctrl+5Shift+C
Materials Ctrl+Shift+ M
# |MName |Nom |Sch |C “hk | Lin.Dens | Lin. Thk | Sail

(i Sections Ctrl+5Shift+5 3 (i3] (inch)
[ Loads Ctrl+ Shift+L ]

Dia

1 |8 g" a0 g
2 |B B" STD | B Beam Materials
3

Beam Sections

Beamn Loads

— Pumps
— Compressors

— Turbines

Spectrums
Force spectrums
Time Functions

Soils
| | I |

The “Loads” list is shown. To enter the first load, Type “1” for “Name”, Tab to “T'1” and type 600, Tab
to “P1” and type 200, Tab to “Desg. T” and type 800, Tab to “Desg. Pr.” And type 250 and Tab to
“Specific gravity” and type 0.8. Then press “Enter”. That is it! The load is entered. (Alternately, you could
have pressed “Ctrl+E” on the first row and typed in the same information in a dialog box).

i* Caepipe:Loads (1} - [Untitled]

File Edit View Options Misc Window Help

BED o O OeE=

Marne Desg. T | Desg Pr. [ Specific | Add Mgt [Wind  ['Wind  [Wind [ Wind
(F1|ipsiy | (F) (psi) grasity [ (/) Load 1 |Load 2 |Load 3 | Load 4

1 |1 GO0 | 200 {800 250 0.a
2 |l
Note:

Design Temperature and Design Pressure should always be greater than or equal to the Operating
Temperature and Operating Pressure (I'l and P1 for this tutorial).
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Design Temperature entered will be used to compute the allowable stress for material while computing
the Allowable Pressure as per the piping code selected.

The Allowable Pressure computed as per the piping code selected is then compared against the Design
Pressure entered above and reported in the Code Compliance results.

In addition to the above, starting “CAEPIPE V.12.10”, there is an additional load case for Design Pressure
and Design Temperature that computes and show results for “Displacements”, “Element Forces” &
“Moments”, “Support Loads” and “Support Load Summary”.

Click in the Layout window or press F3 to move the focus to the Layout window.
4. Input Model Layout

We are going to model the 8” header line first, followed by the 6™ branch line.
NOTE

e In the following text, the word “type” should be distinguished from the words “Type column” or simply
“Type” (upper case “I”). The former (“type”) would mean press the keys for the text you want to type.
The latter word “Type” would refer to the Type column in the Layout spreadsheet.

e Also, the instruction “type B for Bend” does not necessarily mean the upper case “B”. The lower case
“b” could also be typed.

e Tor items input in the “Data” column (such as “Anchor” or “Hanger”), the cursor needs to be in the
“Data” column. This can be quickly done by pressing Ctrl+D from any column or clicking in the “Data”
column. Another way is to Tab repeatedly to reach the “Data” column.

e As the graphics window is simultaneously updated, you should position the graphics window in such a
way that you can see it along with the input window.

First the 8” header

Following the “Title” at row #1, row #2 is already generated with “Node” 10 of Type “From” with an
“Anchor” in the “Data” column.

Press “Enter” to move the highlight to the next row #3. Tab to the “T'ype” column. The next “Node” 20
is automatically assigned. In the “Type” column, type “b” (for Bend), Tab to “DX”, type 9. Tab over to
“Material”, type A53, Tab to “Section”, type 8, Tab to “Load”, type 1. Press “Enter”” and the cursor moves
to the next row (#4).

== Caepipe : Layout (3) - [Untited]

File Edit Wiew Options Loads Misc Window Help

Node | Type |D>< fin") |DY i) |DZ ftin') | Matl | Sect | Load | Data

1 | Title = Sample Froklem

¢ |10 From Anchar
3 (20 Bend | 90" AB3 (8 1

4

10
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You will see the model in the graphics window as it is entered. You can press “F2” to switch between text
and graphics windows.

*I* Caepipe : Graphics - [Untitled]

File View Options Window Help

S HE GQRAQAQACEBH B

In row #4, Tab to the “Type” column. The next “Node” 30, is automatically assigned.

In row #4 with “Node” 30, Tab to “DZ”, type 6, Tab to “Data” (or press “Ctrl+Shift+D”), type “h” (for
a to be designed Hanger) and press “Enter”, the “Hanger” dialog is opened.

Hanger at node 30

Tag |
Type -
Mumber of Hangers

I'I_
Load Variation |25 [%)
| Hangerbelow | Short Range

Connected to

I_
Level Tag | - |
oK | Cancel |

Press “Enter” or click on “OK” to input the hanger. The material, section and load are automatically
inserted (based on the previous row’s material, section and load), and the cursor moves to the next row.

11
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= Caepipe : Layout (4] - [Untitled]

File Edit View Options Loads Misc Window Help

Mode | Type | D (f'in") | DY (ft'in") | DZ (f'in" Load [ Data
1 [Title = Sample Problem
2 (10 From Anchor
S Bend | 3'0" Ab3 |8 1
4 |30 B'0" AB3 |8 1 Hanger
5

The Graphics window will look like this.

=I= Caepipe : Graphics - [Untitled]

File View Optiocns Window Help

§ e 20

In row #5, Tab to the “Type” column. The next “Node” 40, is automatically assigned. In the “Type”
column, type “b” (for “Bend”) and press Tab. This bend has a non-standard (user defined) bend radius.
Therefore, the bend radius needs to be modified from the default long radius. Double click on the “Bend”
in the “Type” column or press “Cttl+T” to bring up the “Bend” dialog box. Click on “User” (Bend Radius
> User) radio button and enter 18 for “Bend Radius”. Press “Enter” or click on “OK” to modify the bend.

12
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Bend at node 40

Bend R adius
" Long

" Short |19 (inch]

i+ User
Bend Thickness | [inch]
Bend Matenal l—Ll
Flexibility Factar: In Plane ’7 Out Plane ’7

SIFz InPlane dut Flane
Aial Torgion

Intermediate Modes

Maode at Angle [deq)
Mode at Angle [deq)

0k | Cancel |

While still in row #5, Tab to “DZ”, type 6 then press- “Enter”. The material, section and load are
automatically inserted like before, and the cursor moves to the next row.

In row #6, Tab to the “DY” column. The next “Node” 50, is automatically assigned. In the “DY”” column,
type -6, Tab to the “Data” column or press “Ctrl+Shift+D” to move to the data column, then type “a”
(for “Anchor”). Anchor, material, section and load fields are automatically inserted, and the cursor moves
to the next row.

Let us specify a thermal anchor movement for the “Anchor” we just put in at node 50. Double click on
the “Anchor” at node 50 in row #6. The “Anchor” dialog comes up.

Anchor at node 50
Tag | Level Tag | J
Tranzlational stiffnezs [lbAnch] Rotational ztiffness [in-b/deq)
[ Ky ke (s Ay K2
|Riigid |Riigid |Riigid |Riigid |Riigid |Riigid

Feleases for hanger selection [ = [ v [ 2 [ =X v [ 22

OK_| Cancel | Displacements | W Rigid [~ Anchorin Pipe LCS

Note:

Option “Anchor in Pipe LCS” allows the user to input Anchor stiffnesses in the “Local Coordinate
System” (LCS) of the adjoining pipe. On the other hand, if “Anchor in Pipe L.CS” is not turned ON, then
the user has to input Anchor stiffnesses in the “Global Coordinate System” (GCS).

Click on “Displacements” button. The “Specified Displacements” dialog for the anchor comes up. Tab to
“Y” displacement field and type 0.5.

13
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Specified Displacements for Anchor at node 50 P
Load ® finch) Y [inch] £ [inch) < (dea) %Y [deg) Z£ [deq)

Dresign

T1
T2

0

T3

|
|
|
|
4|
|
|
|
|
|

TS

TE
17
T8
T3
T |

Seismic 1 I

Seizmic 2 I

Seismic 3 I

Seftlement |

Ywfind 1 |
Yfind 2 |
wind 3 |
it 4 I

LCancel | [ Displacements in Pipe LCS

Press “Enter” to exit the “Specified Displacements” dialog. Press “Enter” again to exit the “Anchor”
dialog. In the “Layout” window, press “Enter” to move to the next row.

*I* Caepipe : Layout (6) - [Unttled]

File Edit Wiew Options Leoads Misc Window Help

Mode | Type | D= fin") | DY [{t'in") | D2 ift'in") | Matl | Sect | Load | Data

1 | Title = Sample Froblem

2 |10 From Anchar
3 |20 Bend | 9'0" A3 |8 1

4 (30 B0 AB3 |8 1 Hanger
5[40 Eend B0 AB3 |8 1

B (50 -B'0" Ah3 |8 1 Anchor
7

@l Click on the “Zoom All” button (or press “Ctrl+A”) to view the 8” header line fully in the graphics

window.

14
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=i Caepipe : Graphics - [Untitled]

File View Options Window Help

5 @B

Now the 6” branch

Let us input a comment saying that this is a 6” std pipe. On an empty row, if the first character in the
Node field is input as “c”, that row becomes a comment row. On row #7, type “c” to create the comment
and then type: “ 6” std pipe” and then press “Enter” to go to the next row.

i* Caepipe: Layout (7] - [Untitled]
File Edit View Options Loads Misc Window Help

TEE & @AEO

# |MNode | Type |DX (ftin") | DY fitin") | DZ (#tin") | Matl | Sect | Load | Data

1 | Title = Sample Problem

2 (10 Frorm Anchor
3 |20 |Bend |50 a53 8 |1

4 |30 50" 453 |8 |1 |Hanger
5 |40 |Bend B0 A53 8 |1

E |50 -G 453 (8 |1 |Anchor
7| 6" std pipe

8 |l

On the next row (#8), type 30 for Node, Tab to the “Type” column, type “f” (for “From”, since we are
beginning a new branch), press “Enter”. In the next row (#9), Tab to the “DX” column. The next “Node”
60 is automatically assigned. In the “DX” column, type 6 and press “Enter”.

15
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CAEPIPE inserts the previous material, and automatically detects the new branch and asks if you want to
change section.

Caepipe

Mame Maminal |Sch [OD Thi,

Diameter [inch] [inh]
3 B e
5 |e"  |sTD|6E25 |0.28

] I Eancell

Select the 6” section by double clicking on it. The section (6) is entered in the “Section” column in the
“Layout” window. Press “Enter” to go to the next row. The load is again automatically inserted from the
previous load.

=i= Caepipe : Layout (9 - [Untitled]

File Edit Wiew Options Leoads Misc Window Help

Mode | Type | D" | DY (ft'in") | DZ (ft'in") | Matl | zect | Load | Data
1 [Title = Sample Froblem
2 |10 Fraom Anchor
3 (20 Bend | 9'0" ARG (8 1
4 (30 B0 ARG (8 1 Hanger
5 (40 Bend 0" ARG (8 1
G (50 -B'0" ARG (8 1 Anchor
7 | B" std pipe
8 |30 From
9 (&0 0" ARG |6 1
10

The graphics window will look like this.

16
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== Caepipe : Graphics - [Untitled]

File View Options Window Help

S HEGAQAQAQAUCEHE

zfi‘x

In the next row (#10), Tab to the “Type” column. The next “Node” 70, is automatically assigned. In the

“Type” column, type “v” (for “Valve”). This brings up the “Valve” dialog box.

Vahve from 60 to 70

Vahve from 60 to 70

weight (200 [ib]
Length |  [inch)
Thicknezs = li
Inzulation weight # li
Additional weight [50 [b]
Walve Type I—L|

Offzetz of addiional weight from valve center
D (inch) DY [inch)  DZ [inch)

| 1 |
ITI Cancel | Library |

weight [BI] (i)
Length |  [inch)
Thicknezs = |3.00
Inzulation weight # W
Additional weight [50 [b]
Walve Type I—L|

Offzetz of addiional weight from valve center
D inch] DY [inch] D& [inch)
[ 113 [

k. | Eancel| LiI:urar_l,l|

In the “Valve” dialog box, type 200 for “Weight”, 50 for “Additional Weight” and 18 for “DY” offset.
Then press “Enter” or click on “OK” to input the valve. The “Thickness X and “Insulation weight X
are automatically added as 3.00 and 1.75 by CAEPIPE as shown.

In the Layout window, type 2 for “DX” offset and press “Enter”. The material, section and load are
automatically inserted as before, and the cursor moves to the next row.

17
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In the next row (#11), Tab to “DX”. The next “Node” 80 is automatically assigned. In the “DX” column,
type 6. Tab to “Data” or press “Ctrl+Shift+D” to move to the data column, then type “a” (for “Anchor”).
Material, section and load are automatically inserted like before, and the cursor moves to the next row.

=I= Caepipe : Layout {11} - [Untitled]

File Edit Wiew Options Leads Misc Window Help

# |Node | Type |D><|:ft'm" |DY ftin') \Dz ftin") | Mat | Sect | Load | Data
1 | Title = Sample Problem
2 |10 Fram Anchor
3 |20 Bend | 3'0" AB3 8 1
4 |30 G'0" AB3 (8 1 Hanger
5 |40 Bend 60" AB3 8 1
6 |50 -G'0" AB3 (8 1 Anchor
7 | B" std pipe
g |30 From
9 |60 B0 AR5 6 1
10|70 Wahe | 2'0" AB3 (6 1
11| 80 B0 AR5 6 1 Anchaor
12

5. Select Load Cases for Analysis

Select “Loads” cases from the L.oads menu.

=I= Caepipe : Layout (11) - [Untitled]

File Edit Wiew Options Loads Misc Window Help
D Eﬁ. q % [ Load cases (4) ... ] k
Static seismic 1...
# |Node |Type [DXgtir .~ Sect | Load | Data
1 | Title = Sample Froble Static seismic 3...
2 |10 From Wind 1... Anchor
3|20 Bend | 9'0" Wind 2... i 1
4 |30 Wind 3... i 1 Hanger
5 |40 Bend Wind 4... i 1
6 |50 Spectrum... i 1 Anchor
7 | 6" std pipe Time history...
§ |30 From Harmonic...
3 |60 60" | | [P |8 1
w7 [akve] 2o | | |ag3 |6 |1
11|80 60" AR3 |6 1 Anchor
12
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The “Load cases” dialog is shown.

Load cases (4)

[v Sustained [w+F) [v Operating [w+F1+T1)
[v Empty Weight [ [ Design WwW+PD+TD)
[v Expanzion (T1] [ Modal analpsis

ok | Eanu:el| Al | N-:une|

By default, “Sustained” (W+P), “Empty Weight” (W), “Expansion” (I'l) and “Operating” (W+P1+T1)
load cases are already selected. “Design” (W+PD+TD) load case when selected for the “Analysis”,
CAEPIPE will compute and show results for “Displacements”, “Element Forces & Moments”, “Support
Loads” and “Support Load Summary”. A design load case does not include “Stress Calculations”,
“Rotating Equipment Qualifications” and “Flange Equivalent Pressure Calculations”. Press “OK” to
return to the “Layout” window. The model input is now complete.

@l Click on the “Zoom All” button (or press “Ctrl+A”) to show the whole model in the graphics

window.

=I* Caepipe : Graphics - [Untitled]

File View Opticns Window Help

S HAE GAKRXQA0OB HR

m To see a 3D rendered view of the model, click on the “Render” button (or press “Ctrl+R”) in the
graphics window.
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=I* Caepipe : Graphics - [Untitled]

File View Optiocns Window Help

To return to the non-rendered view, click on the “Do not render” button (or press “Ctrl+R”).

List

One of the useful features of CAEPIPE is the ability to show a list of all like-items such as anchors,
bends etc. in a separate “List” window. Click on the “List” button (or press “Ctrl+L”) to show the
list dialog.

% Anchors " Loads
" Bends " Materials
™ Branch paoints i Sections
" Coordinates ™ Specified dizpl
" Hangers " Valves
ok, Cancel

Click on an item of interest to show the list for that item.

A list of all the anchors in the sample model is shown below:
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=i* Caepipe : Anchors (3) - [Untitled]

File Edit View Options Misc Window Help

IID.@@»

Mode | Tag | Kk Kk |KZfke R e Krflowy | K22 fkze Releases Lewel Tag
(Ibfinch) [ (Ibfinch) | (bfinch) | (indbideg) | (in-lb/de) | (indbideg) [ Y| 2 | == | %Y | 22 | Anchorin
1 |10 | Rigid |Rigid |Rigid |Rigid Rigid Rigid GCS
2 |s0 Rigid |Rigid |Rigid |Rigid Rigid Rigid GCS
ERED Rigid |Rigid |Rigid |Rigid Rigid Rigid GCS

The highlighted item can be edited directly in the “List” window (in most cases) or in a dialog by pressing
“Ctrl+E”. The items can be deleted by pressing “Ctrl+X”. The item is also highlighted in the graphics
window by flashing and with a box around the node number.

A list of all the bends in the sample model is shown below:

=i~ Caepipe: Bends (2) - [Untitled]

File Edit View Options Misc Window Help

;&‘.'

. BEO @GR &=

Bend |Radius |Rad. | Thk |Bend |FlexF [FlexF |InFln | DutFin | Axial [ Tarsion | Int. Angle | Int. Angle
Mode | (inch) | Type |(inch) | Matl |InFln [ OutFln | SIF SIF SIF | SIF MNode | (deg) | Mode | (deq)
1 20 12 Long
2 |40 18 User

Editing in the Graphics Window

Another useful feature is the ability to edit an item in the graphics window. When an item such as a
“Hanger” is clicked in the graphics window, a dialog box for that item is opened, where it can be modified.

FH Caepipe : Graphics - [Untitled] = O
File View Options Window Help
;A-'
S A @ARARARAOEH
Ay
-

Hanger at node 30

Tag |
Type |
Furnber of Hangers '1_

Load W ariation E [%]
[~ Hangerbelow [ Short Range

Connected to
Level Tag
Cancel
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Save the model by clicking on the Save button.

=I= Caepipe : Layout (11) - [Untitled]

File Edit Wiew Options Leads Misc Window Help

Node | Typ23Yehs [ftin" | DY (ft'in" | DZ iftin") | Matl | Sect | Load | Data
1 |Title = Sample Prokler|
2 |10 From Anchar
3|20 Bend [9'0" AR3 |8 1
4 130 B'0" AB3 |8 1 Hanger
5 |40 Bend B'0" AR3 |8 1
6 |50 -g'0" AR3 |8 1 Anchor
¢ | B" =td pipe
g |30 Fram
9 |&0 B'0" AR3 | B 1
1070 Walve | 2'0" ARG | B 1
11|80 B'0" AR3 | B 1 Anchor
12

The “Save Model As” dialog is shown.

=I* Save Model As

Savein: | = CAEFIPE ~| & @& f B~

Mame Status Date moc

Mo items match your search.

File: name: ISampIe| Save

Save astype: |Model files (*mod) ~| Cancel

A

Type the File name as “Sample” and press Enter to save the model. We are done with modelling. Let us
analyze now.

22



Tutorial for Modeling and Results Review — Problem 1

6. Analyze

Click on “Analyze” under the File menu.

=i* Caepipe: Layout (11) - [Sample.mod [C\Users\wenum\OneDrive\Desktoph...

File Edit View Options Loads Misce Window Help
Mew... Ctri+MN ]
Qpen... Ctrl+Q
Recent Models > fin" | kel ‘ Sect ‘ Load ‘ Crata
Open Results..,
Merge... Ctrl+M Anchar
Close Ah3 |8 1
Save Ctrles AR3 |8 1 Hanger
Save As... AR3 |8 1
Export to MEF... AR |8 1 Anchaor
Export to 3D Plant Design
Export to PCE...
Print Model... Ctrl+P AbS | B 1

AR |6 1

[ Analyze F12 ] AR3 | B 1 Anchar
QA Block...
Revision Record...
Exit Alt+F4

Analyze

Original bandwidth =30 Mumber of equations = 60
Mew bandwidth = 18 Stiffness matrix size = 714
Awerage bandwidth =12 =Bk
@ Do you want to zee the results 7
ez Mo |
Time=0

After the analysis, you are asked if you want to see the results. Select “Yes”.
7. View Results

After finishing the analysis and choosing to see the results or by opening the results file (.res), the results
window is displayed. The “Results” dialog is opened automatically.
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& Sorted stresses

" Support loads

" Element farces

" Code compliance

" Hanger repart

o ]

" Displacements

™ Support load summary

Cancel |

.

=

Select an item of interest by clicking on it. When you are viewing the results, use Tab (or
“Next Result” button) to view the next result and “Shift+Tab” (or “Previous Result”

button) to view the previous result. The “Results” dialog can be brought up by clicking on the “Results”
button (or press “Ctrl+R”).

While viewing the results, the model data can also be simultaneously viewed in separate “Layout” and
“List” windows. These are now “read only” windows, i.e. the model data cannot be modified while viewing
the results. Some of the results from the sample problem are shown below:

Sorted Stresses

The computed stresses (“sustained”, “expansion” and “occasional”) are sorted in descending order by
stress ratios.

File Results View Options Window Help
= HHA
Sustained Expansion
# SL[sH |sL SE |84 [SE.
Maode | (psi) [(psi) |SH |Mode [(psi) | (psi) | SA
1 |80 2340 173900 | 013 | 30 R3B21 (29475 1.82
2 |60 2057 {17900 |07 |50 1187 | 29475 | 1.74
3 |70 1985 | 17900 |07 | 204 | 48316 | 29475 | 1.64
4 130 1887 1173900 | 0171 | 20B [ 34161 | 29475 (116
5 (10 1300 | 17900 | 0.07 |10 J25R1 | 29475 | 1.10
B 408 (908 (17900 (0.05)80 274h3 | 29475 | 0.93
J|20B  [835 17300 (0.05[404A | 19081 (29475 | 0.65
g |20a [795 (17900 (0.04)60 17711 | 29475 | 0.60
9 |50 277117900 | 0.04 |70 11985 | 29475 (0.4
101404 (758 17300 (0.04[40E | 10378 (29475 0.35

When the stress ratio exceeds 1.00, the stress and the stress ratio are shown in red. In this particular case,
the high thermal stresses may be reduced by replacing the anchor at “Node” 80 by a guide. This allows the
6” pipe to expand more freely and reduce the thermal stresses. The maximum thermal stress is reduced to
22784 psi and the stress ratio is reduced to 0.77.

24



Tutorial for Modeling and Results Review — Problem 1

. Color coded stresses may be rendered in the graphics window by pressing the “Show Stresses”
button (or choose “View > Show Stresses”). The stresses in the highlighted columns (the bar highlights
three columns simultaneously) are displayed in the graphics window. Use the left and right arrow keys to
change the highlighted column or click in a particular column.

*i* Caepipe: 5L (psi) - Code:B31.3 (2022) - [Sampleres (CAU.. — O

File View Options Window Help

& BE GQRAKAQAXUCE A
2390(psi] \
B a A

1982(psil
- 157 4[psil Y
¥y
11B6[psi] A‘

758(n {

. The stress ratios may similarly be rendered by using the “Show Stress Ratios” button (or choose
“View > Show Stress Ratios”).

Instead of rendering color coded stresses/ratios, the values of stresses/stress ratios may be plotted by
using the menu: “View > No color coding”.

*i* Caepipe : SE / SA - Code:B31.3 (2022) - [Sample.res (CALU...

File View Options Window Help

S EE GRAQUOEHE
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While plotting stresses or stress ratios, thresholds may be specified (choose “View > Thresholds”). Only
the stresses or stress ratios exceeding the thresholds are plotted.

Thresholds

Stress threshold ||

R atio threzhold I
ok I

[pi]

Cancel |

Code compliance

The element stresses and stress ratios calculated according to the piping code are shown under “Code
Compliance”. Design pressure and CAEPIPE calculated “Allowable pressures” are shown in 2nd column.

File Results View Options Window Help
&=
Fress. osustained Expansion
# | Mode |Allow. |SL | SH SL | SE sA |SE.
(psi) | (psi) [(psi) | SH |(psi) | (psi) |54
1 (10 2h0 | 130017300 | 0.07 | 32557 | 29476 |1.10
204 (1386 | 785 (17900 (0.04 ] 28464 [ 29475 [ 0.97
2 |20A | 250|795 | 17900 0.04|45316 | 29475 | 1.64
20B [1386 |G535 (17900 (00534767 (29475 [1.16
3 |20B |50 | &EZ |17900|0.05)19856 (29475 |06
a0 1386 | 1622 | 17900 | 0.09 | 53621 | 29478 | 1.82
4 (30 250 |1614 17300 0.09 | 48188 | 29475 | 1.63
404 (1386 | 758 (17900 [0.04 15957 (29475 [ 0.54
5 404 | 250|755 |17900)|0.04]19087 | 29475 | 0.65
408 (1386 | 908 (17900 (005110376 (29475 (0.35
B |40 250 |5907 |17900|0.05]9311 |29475 032
50 1386 | 777 | 1730000451187 | 29475 |1.74
730 2h0 | 1887 | 17300 ) 007 | 37900 | 29478 | 1.249
kO 997 | 2057 | 17300007 | 17717 | 29478 | 060
8 (70 250 | 1985173000171 | 11985 (29475 | 0.41
80 997 | 239017900013 | 27453 | 29475 | 0.93

Hanger report

The hanger report is shown below.
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=i* Caepipe : Hanger Report - [Sampleres (CAUsers\wenum\OneDn.. — O

File Results View Options Window Help

BEOD ©GR EHeE

Spring  |Wert |Horz |Hot | Cold
# |Mode |MNa |Type |Figure [ Size | rate trawvel |travel | load |load [YVar
of Mo (lafinch) [(inch) |(inch) [ (k) [(E) | (%)

1 (30 1 | Grinnell | B-268 |10 | 260 0606 |0B18 (1287|1445 |12

The “No of” field shows the number of hangers required at the indicated location. The “Figure No.” and
“Size” refer to the manufacturer’s catalog. The vertical travel (also referred to as “Hanger travel”) is the
vertical deflection at the hanger location for the first operating load case. Similarly, the horizontal travel is
the resultant horizontal deflection at the hanger location for the first operating load case. The hot load is
the hanger load at the operating condition and the cold load is the hanger load at zero deflection.

Variability (%) = (Spring rate X Hanger travel / Hot load) X 100

Support load summary

“Support load summary” for each support is created by considering all the load cases and appropriate
combinations and then showing the maximum and minimum loads.

=I* Caepipe : Support load summary for anchor at node 10 - [Sampleres.. — O

File Results View Options Window Help

HED OQ | EéeEs

| o e

Load combination | Fx (k) Friby  [FZ (k) [ kA (fHB) | by (IR | ME ()
Empty vWWeight 4 -181 ha -331 -374 -43
Sustained -14 -397 2h -375 -174 -1157
Qperating -29053 | 1464 -13978  [-B927 L3803 16363
kA airnurm 4 1464 ha -331 L3803 16363
kdinirnurm -290658 | -397 -13979  [-B927 -374 -1157
Allowahles 0 a 0 0 1] 0

l == Use the “Other supports” button (F6), “Next support” button (“Ctrl+Right arrow”) or
“Previous support” button (“Ctrl+Left arrow”) to see loads on other supports (e.g. other
anchors, hangers etc.).

Support load summary

Mode |Tuwpe

10 | Anchor
50 Anchor
an Anchor
30 Hanger
Cancel
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Support loads

Support loads are the loads acting on the supports by the piping system for the selected load case. The
loads on anchors for the “Sustained” case are shown below.

=I= Caepipe : Loads on Anchors: Sustained (W+P) - [Sampleres (CA\Users\wenum\OneDrve\D... — O

File Results View Options Window Help

FleEs) SHleaw =5 e

# |Mode |Tag [FX(k) |FYik) [FZik) | MX (i) | MY (itlh) | MZ o) |[Next load case

1 (10 -14 -397¢ 2h -375 -174 -1157
2 |50 -4z -2 -7 126 107 -84
3 |80 56 -378 1 -23 17 966

E « » Use the “Load cases” button, “Next load case” button (“Right arrow”) or “Previous load

case” button (“Left arrow”) to see loads for different load cases (e.g. Sustained,

Expansion etc.).

l == Use the “Other Supports” button (F6), “Next support” button (“Ctrl+Right arrow”) or
“Previous support” button (“Ctrl+Left arrow”) to see loads on other supports (e.g. other
anchors, hangers etc.).

Other Supports

& Anchaors
" Hangers

k. Cancel

For example, the loads on hangers (i.e. the loads acting at the hanger locations imposed by the piping
system) for the “Expansion” case are shown below.

=I= Caepipe : Loads on Hangers: Sustained (W+P) - [Sampleres (C\Users\venum\OneDrivet\Desktop... — O

File Results View Options Window Help

Elée= Ee= EHec

# |Mode |Tag | Type Total (b}
1 (30 Grinnell -1443
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Element Forces

For pipe (also bend and reducer), element forces in local coordinates, “Stress Intensification Factors”
(SIF), “Flexibility Factors” (FF) and stresses are shown by default for the selected load case.

"i* Caepipe : Pipe forces in local coordinates: Expansion (T1) - [Sample.res (ChUserswenumyOneDnve\Desktop\CAEPIPE_Tutoria.. —

File Results View Options Window Help

1Q |[E e = Ele=|E o)t

# |Mode|axial |vShear|zShear| Torsion(it-lib) Inplane(fi-l) Outplane(ftlb) | Flex FadSiobal Forees] | op  Tap
{Ib) {Ib) (b} Moment | SIF Moment | SIF tMoment | SIF FFi |FFo [FFt |(psi) |(psi) |34

1 [10 [-29044 [1866 |-14005 [-B552 17520 56976 32551 | 30000 |5.21
204 |-29044 |1866 |-14005 |-6552 2594 53065 28464 | 30000 | 455

2 |20a |-29044 |-14005 |-1866 |-6ss2  |1o00  |s3085 177 |ese4  |147  |454]454 48316 | 30000 | 7.73
206 |-14005 |29044 |-1866 |78 |1.00  |38026 (177 |4686  |1.47  |454|454 34161 | 30000 | 5.47

3 |20B |-14005 |1866 |29044 |728 4686 -38026 19856 | 30000 | 318
30 |-14005 |1866 29044 |7es -4543 107193 53621 | 30000 | 8.58

4 |30 |-ers0 |a100  |-18031 [17445 -3066 94791 48168 | 30000 | 7.71
404 |-12750 |4100  |-18031 |17445 21514 13653 15951 | 30000 | 255

5 404 |-12750 |-4100 |18031 [17445 100 |21514 (138 [-13653 |1.1 303 |3.03 19081 | 30000 | 3.05
408 |-4100 [12750 |160% [13394 |100  [e538 |135  |gE01 |11 303 |3.03 10376 | 30000 | 1.66

G |40B |-4100 |-18031 |12750 |[13394 3601 4536 9311 {30000 |1.49
50 |-4100 |-18031 |12750 |13394 a0740 48839 51167 | 30000 | 8.19

7 |30 |-a7075 |-e077 |-1285  |1877 16717 12401 37900 | 30000 | 6.06
B0 |-47075 |-2077 |-1255  [1577 -4253 4373 17711 | 30000 | 2.83

g |70 |-47075 |-2077 |-1285 1577 -98 2364 11985 | 30000 | 1.92
80 |-47075 |-2077 |-1255  |1577 12366 5165 27453 (30000 | 439

T_G, Use the “Global Forces” button (F7) to see the element forces in global coordinates.

=i Caepipe : Pipe forces in global coordinates: Expansion (T1) - [Sample.res (C:\Users\wenum\CneDrive\l ophCAEPIPE Tutor... — O

File Results View Options Window Help

Hée Seaw Ec &

Local Forces

KR

# |MNode |Fx Py bt
R R S I L I N

10 29044 [-1866 |14005 |BE5Z |-58976 |-17520
204 |-29044 (1866 |-14005 |-6552 |-53065 (2594

204, | 29044 |-18966 |14005 |65%2 | 53065 [-2594
20B |-29044 | 1866 |-14005 |-d6o6 (-36026 | 728

20B | 29044 |-1866 | 14005 |46G6 (38026 |-7E24
30 -29044 | 1866 |-14005 | 4643 (1071493728

30 -18031 |-4100 (12750 |-3066 [-94791 |-17445
404 | 18031 | 4100 |-12750 (21514 (13653 (17445

1
2|
3|
4|
5 |40 |-18031 |-4100 |12750 |-21514 |-13653 |-17445
6 |
7|
BB

0B | 18031 | 4100 |-12750 8538 [-13334 [-9601

406 |-18031 |-4100 | 12750 (-B53G (13394 |9601
b0 18031 (4100 |-12750 |-48839 |-133584 |-90740

30 47075 [2077 | 1285 |-1677 |-12401 (16717
&0 -47075 |-2077  |-1285 (1577 (4873 |-4E253

70 47075 | 2077|1285 |-1677 |-23B4 (98
] -47075 (-2077 |-12565 (1677 [-51B% | 12366

<L Use the “Local Forces” button (F7) to see the element forces in local coordinates.
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l =) = Use the “Other Forces” button (F6), “Next Force” button (“Ctrl+Right arrow”) or

“Previous Force” button (“Ctrl+Left arrow”) to see other element forces (e.g. valves,

bellows etc.).

Other Forces

™ Pipes
% Otker

ak. I Cancel

File Results View Options Window Help

QA EE Eeaw e &

Node | Type | (k) by iy |k | k)

1 |60 Walkse | 47075 1255 [-1577 |-4873 |4253
7 -47075 | -2077 [-126E (1677 2364 (-493

Displacements

The nodal displacements are shown.

=I* Caepipe : Displacements: Expansicn (T1) - [Sample.res [CA\Users\venumOneDrive\Desktop\CAEPIPE_Tutorial...

File Results View Options Window Help

Q HeEo Hems = e BB

# Displacements (global)

Mode | = (inch] [Yi(inch) |Z{inch) [Xx(deg) |~ (deg) << (deg)
10 0.000 0.000 0.000 n.oooo  {0.0000 | 00000
20A | 0369 0.226 -0.403 -0.1809 (00828 | 02136
20BE  |0.290 n.zzz2 -0.291 -0.2555 [-0.9104 |0.2589
30 -0.615 n.602 -0.058 -0.2668 [-0.4514 02714
404 |-0.646 0.794 n.152 -01090 (01963 | 05423
0B |-0.372 0.711 0177 n2407  [0.2080 | 05334
50 0.000 0.500 0.000 n.oooo {0.0000 | 0.0001
B0 -0.354 0.466 0.135 -0.1331  [0.065%4 |-0.35549
70 -0.262 0.313 0103 -01227 (00838 |-0.3670
a0 0.000 0.000 0.000 0.0ooo {0.0000 | 0.0000

)

« » Use the “Load Cases” button, “Next load case” button (Right arrow) or “Previous load
case” button (Left arrow) to see displacements for different load cases (e.g. Sustained,

(1]

Expansion etc.).

= Use the “Deflected shape” button (or “View > Show deflected shape”) to plot the deflected shape
in the graphics window.
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Use the “Animated deflected shape” button (or “View > Show animated deflected shape”) to plot
the animated deflected shape in the graphics window.

*I* Caepipe : Deflected shape: Expansion (T1) - [Sampleres (ChlUs.. — a

File VWiew Opticns Window Help

S BEGARAQQRO D H R

Choose “View > Magnification” to change the magnification of the deflected shape.

Magnification

D eflection magnification
k. | Cancel | Apply | Reset |

The reset button is used to calculate a default magnification factor which scales the maximum deflection
to about 5% of the width of the graphics window.

l <::| :{> Use the “Other displacements” button (F6), “Next displacement” button (“Ctrl+Right
arrow”) or “Previous displacement” button (“Ctrl+Left arrow”) to see other
displacements (e.g. Min/Max, displacements at hangers, flex joints, limit stops etc.).

Other Displacements

(1] 4 | Cancel
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The minimum and maximum displacements for each of the directions and the corresponding nodes are
shown below.

== Caepipe : Minimum & Maximum Displacements: Expansion (T1) - [Samplerres [ChUser...

File Results View Options Window Help
5 QA EE> e §5c
Direction | Type “alue Mode

* Minirmum | -0.546 404,
{inch) baxirmum | 0,364 20A,

i binimum | 0.000 10

{inch) bdaimum | 0.794 404,

z Minirmum [ -0.403 204,
{inch) baximum 0177 40B

e Minirmum | -0.2558 30

ideq) bdaximum | 0.2407 408

a4 inirnum | -0.9704 20B
(ded) Maxirnum | 0.2080 40B

£Z Minimum | -0.3670 70

ideq) bdaimum | 059594 408

The displacements at hanger nodes are shown below.

*i* Caepipe : Displacements at Hangers: Expansion (T1) - [Sample.res rEhWEnLITTY

File Results WView Options Window Help

1| EeE S 5

Z {inch) #edeg) | (deqg) |ZZ(deq)
-0.058 -0.2558 -0.4514 0.2714

Print

&5 To print results and model data, click on the Print button (or press Ctrl+P). In the “Print Results”
~ dialog, the items to print can be selected.
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Print Results

Model | Load cases] Hesuhs] Mizc ] F'rirrter]

[v .4 Block v Layout [v M aterials
[ Iv Details [v Sections
[v Options [ Coordinates [ Loads
Print | Cancel | F'review| To File | All MHone |

You can also print to a text file by using the “To File” button.
A preview of the printed output can be seen by using the “Preview” button.

The printing options such as choice of printer, margins, portrait or landscape and font can be set on the
Printer tab.

Print Results

Model ] Load cases] Hesuhs] Misc  Printer

Text Printer

Printer zetup

Fage zetup

Faont

41!

Microzoft Print ta POF

Orientation : Landscape

Anial, 10 point

Pririt | Cancel | F'review| T File |

Al | None |

The sample problem report is shown next. Observe that for sorted stresses and code compliance, when
the stress ratio exceeds 1.00, the stress and the stress ratio are shown in white letters on black background.

This is the end of the tutorial. If you have questions or comments, please email them to:

support(@sstusa.com.
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Caepipe Sample Problem

Quality Assurance Block

Caepipe

Version 12.10

Client

Project

File Number
Report Number :

Model Name : sample

Title : Sample Problem
Analyzed : Thu Jan 11 10:54:26 2024
Prepared by Date:
Checked by § Date:
Version 12.10 sample Jan 11,2024

34



Tutorial for Modeling and Results Review — Problem 1

Caepipe Sample Problem Page i

Table of Contents

Analysis options

Layout

Details
Anchors
Bends
Hangers
Specified displacements
Valves

Coordinates

Pipe materials

Pipe sections

Pipe loads

Sorted stresses

Code compliance

Hanger report

Support load summary
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Analysis Options

Code : Piping code = B31.3 (2022)
Include axial force in stress calculations
Do not use liberal allowable stresses
Use B31J for SIFs and Flexibility Factors

Temperature : Reference temperature = 70 (F)
Number of thermal cycles = 7000
Number of thermal loads = 1
Thermal = Operating - Sustained
Use modulus at reference temperature

Pressure : Pressure stress = [Pd?2 / (D2 - d*2)
Peak pressure factor = 1.00
Do not include Bourdon effect
Do not use pressure correction for bends

Dynamics  : Cut off frequency = 33 Hz
Number of modes = 20
Include missing mass correction
Do not use friction in dynamic analysis

Misc. : Include hanger stiffness
Vertical direction = Y

Layout (11)
# |Node|Type |DX (ftin")| DY (ftin")| DZ (ftin")|Mati| Sect|Load | Data
1 |Title = Sample Problem
2 |10 |From | Anchor
3 20 |Bend |9'0" [A53[8 |1
4 30 60" |A53[8 |1 Hanger
'5 (40 |Bend 60"  |As3ls |1 |
6 |50 60" [A53]8  [1 |Anchor
7 |6" std pipe
'8 (30 [From
9 60 60" |a53]6 |1
1070 |valve|20" |As3[6 |1
11|80 60" |A53|6 |1 |Anchor
Anchors (3)
Node Tag KX/kx KY/ky |KZ/kz [KXX/kxx |KYY/kyy |KZZ/kzz Releases Level Tag
(Ibfinch) | (Ib/inch) | (Ib/inch)| (in-Ib/deg) | (in-Ib/deg) | (in-Ib/deg) | X| Y2 XX| YY|ZZ| Anchor in
10 |Rigid |Rigid |Rigid |Rigid Rigid Rigd | ' | |ccs
50 Rigid |Rigid |Rigid |Rigid Rigid Rigid GCs
80 Rigid | Rigid |Rigid |Rigid Rigid Rigid GCS
Bends (2)

Bend Radius Rad.|Thk |Bend|Flex.F FlexF InPin | OutPIn
Node (inch) Type|(inch)|Matl |In PIn Out PIn SIF SIF

20 12 Long

Axial [ Torsion|Int. |Angle|Int. | Angle
SIF |SIF Node | (deg) |Node | (deg)

40 18 User

Hangers (1)

Node Tag‘Type No|Load | Short Spring rate Load Load|CNode |Level Tag
of |var% range (Ib/inch) |(Ib) |Type

30 Grinnell 1 |25

Specified Displacements (1)

Node Type |Load X/x(inch)| Y/y (inch)|Z/z (inch)]XX/xx (deg) | YYlyy (deg) ZZ/zz (deg) Disp. in

50  Anchor|Desn GCs
T 0.5 GCS
Valves (1)
From|To |Weight Length Thick|Insul |Add.Wgt| Offsets of Add.Wgt
(Ib) (inch) | X Wagt X| (Ib) DX (inch) [ DY (inch)|DZ (inch)
60 |70 |200 3.00 (1.75 |50 0 18 0
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Coordinates (12)

Node X (ftin") Y (ftin") Z (ftin")|
10 0 0 0

20A 8'0" 0
20 90" 0

20B 9'0" 10"

30 90" 60"
40A  9'0" 106"

o0 oo O

40 90" 12'0"

40B 90" -1'6" 120"
50 90" 60" 12'0"

60 150" O 6'0"

70 170" 0 6'0"
80 230" O 6'0"

Pipe material A53: a53 grade b

Density = 0.283 (Ib/in3), Nu = 0.300, Joint factor = 1.00, Type = CS

Yield strength = 35000 (psi)
Tensile strength = 60000 (psi)

Temp|E Alpha | Allowable
(F) |(psi) (in/in/F) | (psi)

-20 |29.9E+6|6.25E-6 20000

18 29.7E+6 | 6.31E-6 20000
70 29.4E+66.40E-6 20000

100 |29.3E+6|6.47E-6|20000

1200 |28.8E+6|6.70E-6|20000
300 |28.3E+6|6.90E-6|20000

400 |27.4E+6|7.10E-6 19900

500 |27.3E+6|7.30E-6|19000
600 |26.5E+6|7.40E-6 17900

650 |26.0E+6|7.50E-6 17300
700 |25.5E+6|7.60E-6|16700
750 |24.9E+6|7.70E-6|13900

800 |24.2E+6|7.80E-6 11400
850 |23.4E+6|7.85E-6 /8700

900 |22.5E+6|7.90E-6 5900

1950 |21.5E+6|8.00E-6|4000
1000 |20.4E+6|8.10E-6|2500
1050 |19.2E+6|8.15E-6 | 1600

1100 |18.0E+6 |8.20E-6 | 1000

Pipe Sections (2)

Name |Nom Sch |[OD |Thk |Cor.Al|M.Tol
Dia (inch) | (inch) | (inch) | (%)

8 8" 80 [8.625|0.5
6 6" STD|6.625|0.28

Ins.Dens |Ins.Thk  Lin.Dens | Lin.Thk | Soil
(Ib/ft3) | (inch) |(Ib/ft3) | (inch)

15 2
15 2

Name|T1 |P1 [Desg.T Desg.Pr.
(F) | (psi)|(F) (psi)

Specific
gravity

Add.Wgt.
(Ib/ft)

Pipe Loads (1)

Wind |Wind Wind
Load 2|Load 3 Load 4

Wind
Load 1

1 |e00[200 [800 250

0.8

B31.3 (2022) Code compliance (Sorted stresses)

Sustained Expansion

SL [sH [sL SE

SA

Node (psi) |(psi) |SH |Node|(psi) (psi)

80 239017900 0.13 30
60 2057 17900 0.11 50

SElVAN 29475
51187 PAZYE]

|70 1985(17900/0.11 20A |PERRLY 29475

30 188717900 0.11/20B |EEYISHN 29475

10  1300(179000.07|10

KYLLAN 29475
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B31.3 (2022) Code compliance (Sorted stresses)
Sustained Expansion
SL |SH |SL SE SA |SE
Node (psi) |(psi) |SH Node|(psi) (psi) |SA
'40B 908 17900 0.05 80 27453 29475|0.93
20B 835 17900 0.05 40A |19081 29475|0.65
20A 795 17900 0.04 60 17711 29475|0.60
50 777 |17900/0.04 70 11985 29475|0.41
40A 758 17900 0.04 40B |10378 29475|0.35
B31.3 (2022) Code Compliance
' Press. Sustained Expansion
Node Allow.|SL  SH SL [SE SA SE
(psi) |(psi) (psi) |[SH |(psi) |(psi) SA
10 250 1300 17900 |0.07 RZ&INN 29475 JNI0]
20A 1386 |788 17900)0.04 2846429475 0.97
20A 250 |795 17900|0.04 EXXyIN 29475 NEGE)
20B 1386 (835 17900 |0.05 EZXIAN 29475 NS
20B 250 (822 17900/0.05 29475 0.67
30 1386 |1622 17900|0.09 EXlrAN 29475 RR:¥A
30 250 |1614 17900|0.09 kLR 29475 RHE]
40A 1386 |758 179000.04 15951(29475 0.54
40A 250 |758 17900(0.04|19081 /29475 0.65
40B 1386 |908 17900|0.05 10378|29475 0.35
40B 250 (907 17900/0.05 9311 |29475 0.32
50 1386 (777 17900|0.04 EANEIM 29475 NNL]
30 250 (1887 17900 0.1129475
60 997 2057 17900(0.11/17711|29475 0.60
70 250 |1985 17900|0.11|11985|29475 0.41
80 997 2390 17900|0.13 27453|29475 0.93
Hanger Report
Spring Vert |Horz Hot |Cold
Node No|Type |Figure|Size| rate travel |travel load |load |Var
of No. (Ib/inch) | (inch) |(inch) (Ib) |(Ib) |(%)
30 1 |Grinnell|B-268 [10 |260 0.606|0.618 1287|1445|12
Support load summary for anchor at node 10
Load combination|FX (Ib) |FY (Ib) FZ(Ib) |MX (ft-Ib)|MY (ft-Ib) MZ (ft-Ib)
Empty Weight |9 -181 58 -331 -374 -43
Sustained -14 -397 26 -375 -174 -1157
Operating1 -29058 | 1469 -13979 |-6927 58803 16363
Maximum 9 1469 58 -331 58803 16363
Minimum -29058 |-397 -13979 |-6927 -374 -1157
Allowables 0 0 0 0 0 0
Support load summary for anchor at node 50
Load combination|FX (Ib) |FY (Ib) FZ(Ib) |MX (ft-Ib)|MY (ft-Ib) MZ (ft-Ib)
Empty Weight -23 33 -64 242 74 -88
Sustained -42 -201 =27 126 107 -89
Operating1 -18073 |-4301 12723 48964 13501 90650
Maximum -23 33 12723 48964 13501 90650
Minimum -18073 |-4301 -64 126 74 -89
Allowables 0 0 0 0 0 0
Support load summary for anchor at node 80
Load combination|FX (Ib) |FY (Ib) FZ(Ib) |MX (ft-b)|MY (ft-Ib) MZ (ft-Ib)
Empty Weight 14 -280 6 12 50 644
Sustained 56 -378 1 -23 17 966
Operating1 47130 1699 1256 -1601 5182 -11400
Maximum 47130 1699 1256 12 5182 966
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Support load summary for anchor at node 80
Load combination|[FX (Ib) |FY (Ib) FZ(lb) |MX (ft-Ib)|MY (ft-Ib) MZ (ft-Ib)
Minimum 14 -378 1 -1601 17 -11400
Allowables 0 0 0 0 0 0
Support load summary for hanger at node 30
Displacements (global)
Load combination |Load (Ib)
Empty Weight -1441
Sustained -1443
Operating1 -1287
Maximum -1287
Minimum -1443
Loads on Anchors: Empty Weight (W)
Node Tag|FX(Ib) |FY (b) |FZ(lb) |MX (ft-Ib) | MY (ft-Ib) | MZ (ft-Ib)
10 9 -181 58 -331 -374 -43
50 -23 33 -64 242 74 -88
80 14 -280 6 12 50 644
Loads on Hangers: Empty Weight (W)
Node Tag Type |Load (Ib)|No.of| Total (Ib)
30 Grinnell | -1441 1 -1441
Pipe forces in local coordinates: Empty Weight (W)
Node Axial 'y Shear|z Shear| Torsion(ft-Ib) Inplane(ft-Ib) Outplane(ft-lb) | Flex. Factors
(Ib) (Ib) (Ib) Momenti SIF ' Moment | SIF Moment | SIF FFi |FFo |FFt
10 |9 -181 58 -331 -43 -374
20A 9 221 58 -331 | -206 94 ‘
20A 9 58 -221 -331 11.00 -94 1.77 -206 1.47 4.5414.54
20B 58 -9 -300 -456  |1.00  -143 1.77 59 147 454|454
208 58 300 |9 -456 59 143
30 58 552 -9 -456 -2072 97
30 64 604  -23 225 -2084 64
40A 64 -378 -23 225 126 -39
40A 64 378 23 225 [1.00 -126 135! 39 1.12 3.03|3.03
40B 259 -64 23 74 [1.00 -532 1.35 -191 1.12 3.03|3.03
40B 259 -23 -64 74 -191 532
50 33 -23 -64 74 -88 242
30 -14 285 -6 12 -681 33
60 -14 -137 -6 -12 587 -2
70 14 182 -6 -12 592 -14
80 -14 280 -6 -12 -644 -50
Other forces in local coordinates: Empty Weight (W)
fx fy fz mx my 'mz
Node Type (Ib) |(Ib) |(Ib) |(ft-Ib) (ft-Ib) (ft-Ib)
60 Valve -14 |-112 |-6 -12 -2 612
70 -14 107 |-6 -12 -14 617
Pipe forces in global coordinates: Empty Weight (W)
Node FX [FY FZ |MX MY |[MZ
(Ib) [(Ib) (Ib) |(ft-Ib) |(ft-lb) (ft-Ib)
[10 -9 181 -58 |331 |374 |43
20A 9 221 58 -331 |94 -206
20A -9 -221 -58 |331 |-94 (206
20B 9 300 58 -59 143 |-456
20B -9 -300 -58 |59 -143 |456
30 9 552 58 2072 |97 -456
30 -23 |604 -64 |-2084 -64 |-225
40A 23 -378 64 -126 -39 225
Version 12.10 sample Jan 11,2024
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Pipe forces in global coordinates: Empty Weight (W)
Node FX |FY |FZ |MX MY |MZ
((Ib) |(Ib) |(Ib) |(ft-Ib) |(ft-lb) (ft-Ib)
40A -23 |378 -64 |126 |39 |-225
40B 23 -259 64 -532 |-74 191
40B -23 [259 -64 |532 |74 |-191
50 23 |-33 64 |-242 -74 |88
30 14 285 6 12 -33  |681
60 14 |-137 |-6 12 -2 587
70 14 |32 6 |12 |14 [-592
80 -14 |280 -6 -12  |-50 |-644
Other forces in global coordinates: Empty Weight (W)
FX |FY |FZ |MX MY |MZ
Node Type (Ib) |[(Ib) |(Ib) |[(ft-Ib) (ft-Ib)] (ft-Ib)
60 Valve 14 112 |6 12 2 -612
70 -14 107 |-6 |-12 -14 617
Displacements: Empty Weight (W)
Displacements (global)
Node»X(inch) ‘Y(inch) »Z(inch) \XX(deg)_YY(deg) ZZ (deg)
10 ' 0.000 0.000 0.000 0.0000 0.0000 0.0000
20A 0.000 0.003 0.004 -0.0091 -0.0030 |0.0031
20B -0.000 0.006 0.004 -0.0101 -0.0005 0.0001
30 0.000 0.013 0.004 0.0019 |0.0011 |-0.0078
40A 0.001 0.003 0.004 0.0126 0.0012 |-0.0043
40B 0.001 0.000 0.002 0.0046 0.0011 |-0.0017
50 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
60 0.000 -0.005 0.002 [0.0010 |0.0020 |-0.0062
70 0.000 -0.006 0.001 0.0009 0.0019 |-0.0028
80 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
Loads on Anchors: Sustained (W+P)
Node Tag FX(lb) |FY (lb) |FZ(lb) \MX (ft-b) | MY (ft-Ib) | MZ (ft-Ib)
10 -14 -397 26 -375 -174 -1157
50 |-42 -201 -27 1126 107 -89
80 56 -378 1 -23 17 966
Loads on Hangers: Sustained (W+P)
Node Tag Type |Load (Ib)|No.of| Total (Ib)
30 Grinnell | -1443 1 -1443
Pipe forces in local coordinates: Sustained (W+P)
Node Axial y Shear z Shear| Torsion(ft-Ib) Inplane(ft-Ib) Outplane(ft-lb) | Flex. Factors |SL
(Ib) (Ib) (Ib) MomentiSIF Moment | SIF Moment | SIF FFi |FFo [FFt |(psi)
10 -14 -397 26 -375 -1157 -174 1300
20A -14 132 26 -375 -100 35 788
20A -14 26 -132 |-375 1.00 -35 19T -100 1.47 4.54|4.54 795
20B 26 14 -236  |-270 1.00 -75 1.77 177 1.47 4.5414.54 835
20B 26 236 14 -270 177 75 822
30 26 567 14 -270 -1831 144 1622
30 27 -550 -42 339 -1807 143 1614
40A 27 -252 | -42 339 -4 -44 758
40A 27 252 42 339 1.00 4 1.35 44 11 3.03|3.03 758
40B 96 -27 42 107 1.00 -249 1.35 -277 1.1 3.03/3.03 908
40B 96 -42 -27 107 =277 249 907
50 -201 -42 -27 107 -89 126 777
30 -56 =327 A1 23 -610 1 1887
60 -56 119 A1 23 730 -7 2057
70 -56 170 -1 23 679 -10 1985
|80 -56 378 |1 23 -966 -17 2390
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Other forces in local coordinates: Sustained (W+P)
fx fy fz mx my 'mz
Node Type (Ib) |[(Ib) |(Ib) |[(ft-Ib) (ft-Ib)](ft-Ib)
60 Valve -56 |-94 |-1 |23 -7 755
70 -56 145 |-1 23 -10 (704
Pipe forces in global coordinates: Sustained (W+P)
Node FX |FY |FZ |MX MY |MZ
(Ib) |(Ib) ‘(Ib) (ft-Ib) |(ft-|b) (ft-Ib)
10 14 397 -26 |375 |174 |1157
20A -14 |132 26 |-375 35 |-100
20A 14 |-132 26 |375 |-35 [100
20B -14 (236 (26 |-177 |75 |-270
20B 14 |-236 -26 (177 |-75 270
30 -14 |567 26 1831 144 |-270
30 42 |550 -27 |-1807|-143 |-339
40A 42 |-252 (27 |4 -44 339
40A -42 (252 -27 |4 44 |-339
40B 42 |96 |27 |-249 |-107 |277
40B -42 |96 | -27 (249 |107 |-277
50 42 201 27 |-126 |-107 |89
30 56 (327 |1 23 |1 [610
60 -56 |-119 |-1 23 |7 730
70 56 |-170 1 -23 |10 |-679
80 -56 (378 |-1 23 |-17 |-966
Other forces in global coordinates: Sustained (W+P)
FX |FY |FZ |MX MY |MZ
Node Type (Ib) |[(Ib) |(Ib) |[(ft-Ib) (ft-Ib)] (ft-Ib)
60 Valve 56 |94 |1 23 7 -755
70 -56 145 |-1 23 -10 (704
Displacements: Sustained (W+P)
Displacements (global)
Node X (inch) 'Y (inch) |Z (inch) XX (deg) YY (deg)|ZZ (deg)
10 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
20A 0.000 -0.008 0.002 -0.0104 -0.0015 -0.0059
20B -0.000 -0.007 0.002 -0.0130 -0.0004 |-0.0067
30 0.000 0.004 0.002 -0.0038 0.0010 |-0.0114
40A 0.002  0.002 0.002 0.0057 |0.0016 |-0.0061
40B 0.001 0.000  0.001 0.0022 0.0017 |-0.0022
50 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
60 0.000 -0.013 0.001 -0.0020 0.0008 -0.0016
70 0.000 -0.012 0.001 -0.0018 0.0008 |0.0024
80 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
Loads on Anchors: Expansion (T1)
Node Tag| FX(Ib) |FY (Ib) |FZ(Ib) | MX (ft-Ib)| MY (ft-Ib)| MZ (ft-Ib)
|10 |-29044 1866 -14005 | -6552 58976 17520
50 -18031 |-4100 12750 48839 13394 90740
80 47075 2077 1255 -1577 5165 -12366
Loads on Hangers: Expansion (T1)
'Node Tag|Type | Load (Ib)| No.of| Total (Ib)
30 Grinnell | 157 1 157
Pipe forces in local coordinates: Expansion (T1)
Node Axial y Shear z Shear| Torsion(ft-Ib) Inplane(ft-Ib) Outplane(ft-b) | Flex. Factors |SE SA |SE
(Ib) (Ib) (Ib) Moment|SIF Moment | SIF Moment | SIF FFi |FFo |[FFt |(psi) |(psi) 'SA |
10  -29044 1866 -14005 |-6552 | 17520 58976 32551/30000 1.09
20A -29044 1866  -14005 |-6552 2594 -53065 28464 30000 0.95
20A -29044 -14005 -1866 |-6552 [1.00 53065 |1.77 25% 147 454|454 48316|30000 1.61
20B -14005 29044 -1866 |728 11.00 38026 |1.77 4686 1.47 4.54|4.54 34161 /30000 1.14
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Pipe forces in local coordinates: Expansion (T1)
Node Axial 'y Shear|z Shear| Torsion(ft-Ib) Inplane(ft-Ib) Outplane(ft-b) | Flex. Factors |SE SA SE
»(Ib) (Ib) (Ib) Moment|SlF Moment SIF Moment | SIF FFi |FFo |FFt |(psi) |(psi) 'SA |
20B -14005 1866 29044 728 4686 -38026 1985630000 0.66
30 -14005 1866 29044 |728 -4643 107193 5362130000 1.79
30 -12750 4100 -18031 17445 -3066 94791 48188|30000 1.61
40A -12750 4100  -18031 |17445 | -21514 13653 | 15951|30000 0.53
40A -12750 -4100 18031 | 17445 |1.00 21514 |1.35 -13653 |1.12 3.03|3.03 19081 {30000 0.64
40B -4100 12750 18031 [13394 |1.00 8538 1.35 9601 1.12 3.03|3.03 10378|30000 0.35
40B -4100 -18031 12750 |13394 | 9601 -8538 ’ 9311 |300000.31
50 -4100 -18031 12750 13394 90740 48839 51187|30000 | 1.71
30 -47075 -2077 -1255 |1577 -16717 12401 37900|30000 1.26
60  -47075 -2077 |-1255 |1577 -4253 4873 17711|30000 0.59
70  -47075 -2077 |-1255 |1577 -98 2364 11985|30000 0.40
80  -47075 -2077 |-1255 |1577 12366 -5165 27453 /30000 0.92
Other forces in local coordinates: Expansion (T1)
fx fz mx my mz
Node Type (Ib) (Ib) (Ib) (ft-lb)  (ft-Ib) | (ft-Ib)
60 Valve -47075|-2077 |-1255 |1577 4873 |-4253
70 -47075|-2077 |-1255 |1577 2364 |-98
Pipe forces in global coordinates: Expansion (T1)
Node FX FY FzZ MX MY Mz
(Ib) (Ib) (Ib) (ft-lb)  (ft-lb)  (ft-b)
10 29044 -1866 14005 6552 -58976 -17520
20A -29044 1866 | -14005 -6552 -53065 |2594
20A 29044 -1866 14005 6552 53065 -2594
20B -29044 1866 -14005 -4686 -38026 728
20B 29044 -1866 14005 4686 38026 |-728
30 -29044 1866 -14005 4643 107193 728
30 -18031 -4100 12750 |-3066 -94791 -17445
40A 18031 4100 -12750 21514 13653 17445
40A -18031 -4100 12750 -21514 -13653 -17445
40B 18031 4100 -12750 8538 -13394 -9601
40B -18031 -4100 12750 -8538 13394 9601
50 18031 4100 -12750 -48839 -13394 -90740
30 47075 2077 1255 |-1577 -12401 16717
60  -47075 -2077 |-1255 (1577 4873 | -4253
70 47075 2077 1255 |-1577 -2364 98
80  -47075 -2077 -1255 (1577 -5165 12366
Other forces in global coordinates: Expansion (T1)
FX FY EZ MX MY Mz
Node Type | (Ib) (Ib) (Ib) (ft-lb)  (ft-Ib) | (ft-Ib)
60  Valve 47075 (2077 |1255 |-1577 -4873 (4253
70 -47075|-2077 |-1255 |1577 2364 |-98
Displacements: Expansion (T1)
Displacements (global)
Node X (inch) Y (inch) |Z (inch) ' XX (deg)|YY (deg)|ZZ (deg)
10 0.000 0.000 0.000 0.0000 0.0000 0.0000
|20A 0369 0.226  -0.403 -0.1809 0.0628 |0.2136
20B 0.290 0.322 -0.291 -0.2555 -0.9104 |0.2589
30 -0.615 0.602 -0.058 -0.2558 -0.4514 |0.2714
40A -0.646 0794 0.152  -0.1090 0.1963 |0.5423
40B -0.372 0.711 0.177 0.2407 0.2080 |0.5994
50 0.000 0.500 0.000 0.0000 0.0000 |0.0001
60 -0.354 0466 0.135 |-0.1331 0.0654 |-0.3559
70 -0.262 0.313 0.103 -0.1227 0.0838 |-0.3670
80 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
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Loads on Anchors: Operating (W+P1+T1)
Node Tag FX(lb) |FY (lb) |FZ(Ib) \MX (ft-Ib) | MY (ft-Ib)| MZ (ft-Ib)
10 -29058 | 1469 -13979 | -6927 58803 16363
50 -18073 |-4301 12723 48964 13501 90650
80 47130 1699 1256 -1601 5182 -11400
Loads on Hangers: Operating (W+P1+T1)
Node Tag Type |Load (Ib)|No.of | Total (Ib)
30 Grinnell | -1287 1 -1287
Pipe forces in local coordinates: Operating (W+P1+T1)
'Node | Axial y Shear z Shear| Torsion(ft-Ib) Inplane(ft-Ib) Outplane(ft-lb) | Flex. Factors |Sopr
(Ib) (Ib) (Ib) Moment|SIF Moment | SIF Moment | SIF FFi |FFo [FFt |(psi)
10  -29058 1469  -13979 -6927 16363 58803 31622
|20A -29058 1998  -13979 |-6927 2494 -53030 27757
20A -29058 -13979 -1998 |-6927 |1.00 53030 [1.77 2494 1.47 4.54|4.54 27757
20B -13979 29058 -2102 458 1.00 37951 [1.77 4863 1.47 4.5414.54 19111
20B -13979 2102 29058 458 4863 -37951 19111
30 -13979 2433 29058 458 -6474 107337 53019
30 -12723 3550 -18073 |17785 -4873 94935 47617
40A -12723 3848  -18073 (17785 -21518 13608 15434
40A -12723 -3848 18073 17785 |1.00 21518 [1.35 -13608 1.12 3.03/3.03 15434
40B -4003 12723 18073 13501 |1.00 8290 1.35 9324 112 3.03|3.03 9276
40B -4003 -18073 12723 13501 9324 -8290 9276
50 -4301 -18073 12723 |13501 90650 48964 51241
30 -47130 -2404 -1256 1601 -17327 12402 37574
60 -47130 -2197 -1256 1601 -3523 4866 16054
70  -47130 -1907 |-1256 | 1601 | 581 2354 11067
80 -47130 -1699 -1256 1601 11400 -5182 25198
Other forces in local coordinates: Operating (W+P1+T1)
[fx fy fz mx rmy mz
Node Type |(Ib) (Ib) (Ib) (ft-Ib) | (ft-Ib) | (ft-Ib)
60  Valve -47130(-2172 |-1256 ‘1601 4866 |-3498
70 -47130(-1932 |-1256 |1601 2354 606
Pipe forces in global coordinates: Operating (W+P1+T1)
Node FX FY FZ MX MY Mz
(Ib) (Ib) (Ib) (ft-lb) | (ft-Ib)  (ft-Ib)
10 29058 -1469 13979 6927 -58803 -16363
20A -29058 1998 -13979 -6927 -53030 2494
20A 29058 -1998 13979 6927 53030 -2494
20B -29058 2102 -13979 -4863 -37951 458
20B 29058 -2102 13979 4863 37951 -458
30 -29058 2433 | -13979 6474 107337 458
30 -18073 -3550 12723 |-4873 -94935 -17785
40A 18073 3848 -12723 21518 13608 17785
40A -18073 -3848 12723 -21518 -13608 -17785
|40B 18073 4003 |-12723 8290 -13501 -9324
40B -18073 -4003 12723 -8290 13501 |9324
50 18073 4301 |-12723 |-48964 -13501 -90650
30 47130 2404 1256 |-1601 | -12402 17327
60 -47130 -2197 |-1256 1601 4866 -3523
70 47130 1907 1256 |-1601 -2354 |-581
80 -47130 -1699 -1256 1601 -5182 11400
Other forces in global coordinates: Operating (W+P1+T1)
FX FY FZ MX MY Mz
Node Type | (Ib) (Ib) (Ib) (ft-Ib)  (ft-Ib) | (ft-Ib)
60  Valve 47130 |2172 |1256 |-1601 -4866 3498
70 -47130(-1932 |-1256 (1601 2354 |606
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Displacements: Operating (W+P1+T1)
Displacements (global)
Node_X(inch) _Y(inch) vZ(inch) |XX(deg).YY(deg) ZZ (deg)
10 0.000 0.000 0.000 0.0000 0.0000 0.0000
20A 0.369 0.217 -0.402 -0.1912 |0.0613 |0.2077
|20B 0290 0315  -0.289 -0.2685 |-0.9108 |0.2522
30 -0.615 0.606 -0.056 -0.2596 |-0.4504 |0.2601
40A -0.645 0.796 0.154  -0.1033 |0.1979 |0.5362
40B -0.371 0711 0178  0.2430 0.2097 |0.5972
50 0.000 0500 0.000 0.0000 |0.0000 |0.0001
60 -0.354 0453 0.136 |-0.1351 |0.0662 |-0.3575
70 -0.262 0.301 0.103  |-0.1245 0.0846 |-0.3646
80 0.000 0.000 0.000 0.0000 |0.0000 |0.0000
Weight & Center of gravity
Empty weight = 1551.2 (Ib)
Insulation weight = 267.8 (Ib)
Content weight = 550.32 (Ib)
Lining weight = 0 (Ib)
Additional weight = 50 (Ib)
Total weight = 2419.3 (Ib)
Center of Gravity for Total weight
X=9.9313, Y=-0.4653, Z=54705 (ftin"
Bill of materials: Materials
# Name!Description}
1 |A53 a53 grade b
Bill of materials: Pipes
# |Material| OD |Thk Total length|Total weight
(inch) | (inch) (ftin" (Ib)
1 |A53 6.625/0.28 12'0" 227.45
12 |A53 862505 220" 953.53
Bill of materials: Bends
# |Material OD | Thk Radius Angle |Count|Total weight
(inch) | (inch) (inch) (deg) (Ib)
1 |A53 8.625/05 12 90.00 |1 68.082
2 |A53 862505 18 90.00 |1 102.12
Bill of materials: Valves
# |OD |Thk |Weight|Add.Weight|Count|Total weight
(inch) | (inch) | (Ib) (Ib) (Ib)
1 |6.625/0.28 200 50 1 250
Bill of materials: Itemized Element Weights
# |From|To |Type |Length|OD Thk |Mat.Den|Fluid.Den|Ins.Den|Ins.Thk|Lin.Den|Lin.Thk Empty.Wt Fluid.Wt|Ins.Wt |Lin.Wt Add.Wt
| (inch) |(inch) (inch)|(Ib/in3) | (Ib/in3) |(Ib/in3) |(inch) |[(Ib/in3) |(inch) |(Ib) | (Ib) (Ib) (Ib) (Ib)
1 [10 |20A 96 8.625 0.5 |0.283 0.029 0.009 |2 346.74 126.57 |55.632|0 0
'2 |20A 20B Bend |18.85 (8.625 0.5 |0.283 0.029 0.009 |2 68.082 24.851 10.923|0 0
3 |20B 30 60 8.625 0.5 0.283 0.029 0.009 |2 216.71 79.104 |34.77 |0 0
4 |30 |40A 54 8.625 0.5 |0.283 0.029 0.009 |2 195.04 71.193 |31.293|0 0
|5 |40A 40B Bend |28.274|8.625 0.5 0.283  0.029 0.009 |2 10212 |37.277 |16.385|0 0
6 |40B |50 54 8.625 0.5 0.283 0.029 0.009 |2 195.04 71.193 |31.293|0 0
7 |30 |60 72 6.625 0.28 0.283  0.029 0.009 |2 113.73  60.057 |33.87 |0 0
8 |60 |70 |Valve 24 6.625 0.84 0.283 0.029 0.009 |2 200 20.019 [19.758|0 0
9 |70 |80 72 6.625 0.28 0.283 0.029 0.009 |2 113.73  60.057 |33.87 |0 0
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