Tutorial for Force Spectrum Analysis using CAEPIPE

The following are the Steps for performing the Force Spectrum Analysis using CAEPIPE.

General

Force spectrum 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.
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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 lb. (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 Ilb. for a natural
frequency of 10 Hz (i.e., the spectral value corresponding to the minimum frequency of 13 Hz in the above plot).



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 force spectral values versus frequencies that captures the intensity and
frequency content of the time-history loads. 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-lb, Nm, kg-m) and a scale
factor.

Tutorial

Step 1:

Attached is a sample CAEPIPE model with Force Spectrum. The steps followed in generating the model are
shown in the snap shot below.

=i Caepipe : Layout (10) - [forcespectrumsample.mod (c\tutcnals\forc... — O =l Caepipe : Graphics - [forcespectrumsampl...

File Edit View Options Loads Misc Window Help File View Options Window Help

TmEde BEO @A & BE oRQLUAOEH

# |Node |Type  |DX(ftin") | DY itin") | DZ ft'in") | Matl | Sect | Load | Data v
1 |Title -
2 |10 From Anchor ZA/L\X
3 |20 16" #5303 L2
(4 |30 |wvawe 03" 4533 L2
5 |40 |wame |03 #5303 L2
6 |50 T #4533 U1
(7 |60 |Reducer |04 a53 4 U1
(8 |70 |Bena |10 a53 (4 U1
5 |80 100" #53 |4 U1
1078 Location Force sp load
1

e

*l* Caepipe : Pipe Sections (2) - [forcespectrumsample.mod (Shtutorials\forcespe...

File Edit View Options Misc Window Help

IID .@l 0 Oes

Mame [ Mom | Sch Thk | CorAl [k Tal [Ins.Dens | Ins. Thk [Lin.Dens | LinThk [ So
Dia |[|n|:hj| (inchy [finch) | (%) | (Ikb/t3) finch) | (lb/ft3) (inch)

1 (B 3" =TD (356 |0.216
2 |4 4" =TD (45 | 0.237




=I= Caepipe: Loads (2} - [forcespectrumsample.mod (chtutonalsiforcespectrum]]

File Edit View Options Misc Window Help

IID G e

Wind
Load ¢ | Load 3

‘ind

Wind
Load 4

Mame Desg.T | Desg.Fr. | Specific | Add.\Wat. | Wind
(FII (pSIII (7 (psi) gravity | (lb/) Load 1
1L B1 475 |51 475 0.07
2 (L2 51 (1875 |51 16875 0.0

=i Caepipe : Matenals (1) - [forcespectrumsample.med (chtutorials\forcespectrum)]

File Edit View Options Misc Window Help

IID .@)\ Bv-0éeEs

MNarne Descriptian Density | Mu Joint | Yield | Tensile [# |Temp [E Alpha | Allowable

pe {Ibfin3) factar | (psi) | (psi) (F) (psi) (infin/FY | (p=i)
1 k53 AB3 Grade A 0283 |03 |1.00 1 |20 |29.9E+6 |6.25E-6 | 17100
2 l2 |70 |295E+6 |6.40E-6 | 17100
B '3 |200 |28.8E+6 |6.70E-6 | 17100
B |4 |300 |263E+6 |6.90E-6 | 17100
B '5 |400  |27.7E+8|7.10E-6 17100
| (6 |500  [273E+6|7.30E-6 [17100
B |7 |Bo0 | 26.7E+6 | 7.40E-6 | 17100
B '8 |B50 |26.1E+6 | 7.50E-6 | 17100
| '9 |700 |255E+6|7.60E-6 | 15600
B 10| 750 |24.3E+6 | 7.70E-6 | 13000
B (11800 |242E+6 | 7.80E-6 | 10800

12

I~ Caepipe:Valves (2} - [forcespectrumsample.meod (chtutenals\forcesp...

File Edit Wiew Options Misc Window Help

IID ol X ==

From [To  |%Weight |Length [ Thick | Insul [ AddYWWot Offsets of Add Wygt
(L)) finch) = Wy'gt e | (1) D (inchy | D% (inchy [ DZ (inch)
1 |20 30 &0 .00 |1.75
2 |30 40 &0 3.00 {175
Step 2:

After creating your piping model (with node 75 being the center node of the discharge bend where the Force
Spectrum will be applied), input Force spectrums through Layout or List menu: Misc > Force spectrums.




"= Caepipe : Layout (10) - [forcespectrumsample.mod (chtutonals‘forcespectrum)]

Wind - ASCE/SEI 7-16
Wind - EN 1991-1-4 (2010}

Eile Edit View Options Loads Misc Window Help
= Coordinates Ctrl+Shift+C
D i q % Element types... Ctrl+Shift+T
# |Node |Type  |[DXiftin | Datatypes.. Ctrl+ Shift+D
1 |Title = Check Bends
¢ (10 From Check Connections
3|20 1 Check Branch SIF
130 |vale { Materials Ctrl+Shift- M
5 |40 Jvalve |0 Sections Ctrl+Shift+S
B_|50 [ Loads Ctrl+Shift+L
7 |B0 Feducer [ 0'4"
g |70 Bend 10" Beam Materials
q |an 1 Beamn Sections
10|75 |Location LI IS
11 Pumps
Compressors
Turbines
Spectrums
[ Force spectrums
Time functions
Relief valve loading
Soils
User Allowables
Internal Pressure Design: EM 13420-3 Ctrl+Shift+]
External Pressure Design: EN 13480-3 Ctrl+5hift+E

Step 3:

The Force spectrum list appears.

Enter a name for the force spectrum and spectrum values versus frequencies table.




ctrumsample.

File Edit View Options Misc Window Help

1@ ==

# |Frequency | Spectrum

Hz) walue

1 |0 0

2 |68 12708.5

ENEE 127038

EREES: 12695.4
] BEE 126837
N ERER: 12658 5
] EREE 12650.3
N '8 |1188 12628 5
] EREEE: 12603 6
N (10| 1485 125755
N [11]165 125441
N [12] 1815 125095
N (13] 198 12471 5
N [14]21.45 124309
N 115|231 123871
] (16| 2475 123401
N 117 ] 26.4 122902
] (18] 2805 122374
N (19237 121817
N 203138 12123.2
N (2133 120619

In addition to inputting the force spectrum directly, it can also be read from a text file. This can be done through
List menu: File > Read force spectrum.

=i* Caepipe : Force Spectrums (2) i ctrumsample.mod (...

File Edit View Options Misc Window Help
Read Force spectrum...

[ Convert time function... ] *
Export.. pectium

alug

Print... Ctrl+P

2 2 |165 12708.8

EN ENEE 12703.8

] EREES 12695 4

N 5 |65 126837

] EREES 12668 6

N EREE 12650.3

] '8 |11585 12628 5

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.
Step 4:

Apply the Force Spectrum Load thus generated at the bend center node 75 after the relief valve in vertical
direction (FY) as shown below.

*i* Caepipe : Layout (10) - [forcespectrumsample.mod [chtutonals\forcespectrum]]

File Edit View Optiens Leoads Misc Window Help

1w d

# |Node |Type | DXtin" | DY iitin" | DZ (ftin") | Mad | Sect | Load | Data

1 | Title=

2 |1a From Anchor
3|20 1'6" ARY |3 L2

4 |30 Yalve asan AR3 |3 L2

5 |40 Yalve asan AR3 |3 L2

6 |50 1ot ALY |3 L1

7 |60 Feducer | 0'4" Ab3 |4 L1

8 |70 Eend 1" Ab3 |4 L1

8 |80 1ot ALY |4 L1

10 (75 Location Force spload
11

Force Spectrum Load...

Ciirection I vI Urits I[II:|] 'I

Farze I FFS ;I

Scale Factor |1
(1] 4 I Eancell

Step 5:

Check “Force Spectrum” for analysis through Layout window > Load cases. Click on OK.

Load cases [5)

¥ Sustained [w+P) [T Design [W+PD+TD]
[~ Empty Weight [w] v tdodal analysis
[¥ Expanzion [T1] ¥ Force spectum

¥ Operating [w+P1+T1]

ok | Cancel | a1 | Nore




Step 6:

Save and Analyze the model. After analysis, CAEPIPE displays Occasional stresses which include the effects of
the Force Spectrum load.

*l* Caepipe : B31.1 (2022) Code compliance (Sorted stresses) - [forcespectrumsample.res... — O

File Results View Options Window Help
1Q Ele= BB
Sustained Expansion COccasional
# =L |SH |EL =B [3A |EBE S0 125H (30
Mode | (psi) |(psi) [SH |MNode |(psi) | (psi) |34 | MNode | (psi) (psiy [1.25H
1 |20 9669 |17100 | 0.57 |10 0 261495 10,0010 191113 | 20520 (931
2 |10 9664 |17100 | 0.57 |20 0 261495 | 0.00) 20 148596 | 20520 | 7.24
3 |40 3834 |17100 | 0.22 |40 0 26195 | 0.00] 40 122523 (20620 | 597
4 |50 Je09 171000950 0 2614951 0.00]50 120658 | 20520 | 5G4
5 &0 2763 |117100 | 0.6 | 60 0 261951 0.00)70B [99118 | 20520 [4.83
6 |70A | 254417100 |05 704 (0 261951 0.00)75 95035 20520 | 463
P - 2313|100 04|08 (0 261951 0.00) 704 85517 | 20520 (417
8 |80 2255117100013 |75 0 26195 | 0.00 | 60 B7037 20620 | 3.27
9 |70B (2222 |17100 03|60 0 2614951 0.00] &0 3562 (20520 | 007
Step 7:

Another load case called “Force Spectrum” will be available for which you can study displacements, support
loads, support load summary (for sizing supports), etc.

=i* Caepipe : Displacements: Sustained (W+F) - [forcespectrumsample.res (S\tutorials\fo... — O

File Results View Options Window Help

EeE> Eleaw =o

# Displacements (global)

Mode [#iinch)  |% (inchl | 2 (inch) | ®=({deg) | %% (deg) | ££ (deq)
10 0.000 0.000 0.000 0.0000  j0.000o | 0.o00d

20 0.007 0.000 0.000 0.0000  jo.0oooo  (-0.0435
30 0.003 0.000 0.000 0.0000  |0.0o000  (-0.0457

40 0.003 -0.002 0.000 0.0000  jo.oo0o  |-0.046E
50 0.003 -0.015 0.000 p.00do  jo.oooo o |-0.06R2
B0 0.003 -0.019 0.000 0.0000  |o.oooo  (-0.0683
04 | 0.009 -0.027 0.000 0.0000  jo.oooo (-00704
/0B | 0.017 -0.034 0.000 0.0000  |0.oooo0  (-00734
75 0.011 -0.032 0.000 0.0000  jo.oooo  (-00730
080 0,163 -0.034 0.000 0.0000  |0.oooo0  (-00734
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=i= Caepipe : Support load summary for anchor at node 10 - [forcespectrumsample.res (... — O

File Results View Options Window Help

Load combination Fxilb) [P (b [FZ(b) | M= - | kY (fHB) [ WS ()
Sustained 0 -234 0 0 0 -33
Cperatingl 0 -234 0 0 0 =313
Sustained+Force spectrurm | 4507 9517 0 0 0 25128
Sustained-Force spectrum [-4501 -9994 0 0 0 -2h7h3
Operatingl+Force spectrurm | 4507 9517 0 0 0 25128
Operatingl-Force spectrum  [-4501 -9994 0 0 0 -2h7h3
b axirmum 4501 8517 0 0 0 25128
hdinirmum -45M -9954 0 0 0 -25753
Allowables 0 0 0 0 0 0




