Tutorial for Fatigue Evaluation of Piping Systems

The following are the Steps for performing “Fatigue Evaluation” using CAEPIPE.
General

Fatigue analysis is an essential aspect of evaluating the long-term reliability of piping systems,
especially those exposed to cyclic loading. Over time, repeated stress fluctuation - whether due to
changes in temperature, pressure, or mechanical/flow-induced vibrations - can lead to the initiation
of microscopic cracks to start with, followed by propagation of those cracks and eventual failure. The
study of fatigue is essential for ensuring the reliability and longevity of piping components in various
applications, such as process, power, nuclear, aerospace, petrochemical, chemical etc.

Starting Version 13.00, CAEPIPE (included in CAEPIPE 3D+) simplifies the fatigue analysis process by
automatically checking against design codes and providing fatigue life estimates based on the cyclic
loads experienced by the piping system. ASME Section VIII Division 2 provides guidelines for applying
fatigue evaluation rules to piping and other pressure-retaining equipment. Where applicable, these
guidelines have been followed in the methodology implemented in CAEPIPE. CAEPIPE has the ability
to perform both detailed and simplified fatigue evaluation. Below are the details related to Fatigue
Evaluation by CAEPIPE.

Detailed Fatigue Evaluation

Detailed Fatigue Evaluation is performed as per Miner’s Rule which is based on Cumulative Damage
Theory. This theory states that fatigue damage accumulates over time and failure occurs when the
accumulated damage reaches a critical value, typically set to 1. The rule is mathematically expressed
as:

n

D = —

N;
where, D = Total cumulative damage, n;= Actual number of cycles at alternating stress level i, N; =
Number of cycles to Failure at stress level i (from the S-N curve).

“When the total damage D equals or exceeds 1.0, then the fatigue evaluation is
considered to have failed.”

The number of cycles to failure (N;) is found using the S-N curves (Wohler Curves), which are either
input by the user (or) imported from ASME Section VIII, Division 2 (2021). The stress amplitudes (or
alternating stress) are computed as one-half of total stress range (SE/2) at each node. This alternating
stress is then used to find the corresponding number of cycles to failure (Ni) from the S-N curves.

The current version of CAEPIPE is supplied with 7 Fatigue Curves corresponding to the Figures 3-F.1
through 3-F.7 of ASME Section VIII, Division 2 (2021). Users can also add their own Fatigue curves and
import them into CAEPIPE. Please refer to CAEPIPE User’s Manual for further information.

Note:

Starting Version 13.10, CAEPIPE performs detailed fatigue analysis node-by-node to check the
cumulative damage due to various expansion load cases at each node. When the Cumulative
Damage is less than 1.0, the stress layout is considered to be safe. On the other hand, when
the Cumulative Damage exceeds 1.0, the user needs to make appropriate changes to the piping
layout including support scheme in order to meet the above Fatigue requirement.



Simplified Fatigue Evaluation

Given below is the equation used in computing the total number of “equivalent reference
displacement stress range cycles (N)” for Simplified Fatigue Evaluation.

N = Ng + X(qF.N;) fori=12,..,n

where

Ne = number of cycles of the reference displacement stress range, Se
N; = number of cycles associated with the displacement stress range, S;
qi = Si/Se

Se = reference displacement stress range, psi (kPa) = Maximum stress range computed among the
displacement stress ranges selected by the user for Simplified Fatigue Evaluation.

Si = maximum computed stress range for the i displacement stress range.

x=1 or 3 or 5 based on the analysis Code selected. Please refer to CAEPIPE Code Compliance Manual
for further details.

Once the “equivalent reference displacement stress range cycles (N)” is computed, then CAEPIPE uses
this “N” to compute the Stress Range Reduction Factor (f or U) as per the piping code selected for
analysis.

Actual Number of Cycles to be Input for Detailed and Simplified Fatigue Analysis:

In CAEPIPE, the actual number of cycles associated with each selected thermal load case can be
entered as shown below. When Simplified or Detailed Fatigue Analysis is enabled, CAEPIPE utilizes this
table (containing the actual number of cycles for the selected load cases) to perform both Simplified
and Detailed Fatigue Analysis. Please note, when any of the load cases is not to be included in the
Fatigue Evaluation, then leave the ‘Number of Cycles (N)’ field for that load case BLANK as shown
below.

=l* Caepipe : Fatigue (6) - ..

File Edit View Options Misc Window Help

O Q| ==
# |Load Case No. of
Cycles [N]
Expansion [T1] E00
Expansion [T2) 1200
Expansion (T3] 1500
Expansion [T1-T2)
Expangion [T1-T3) | 400
Expansion [T2-T3] | 300

When the Detailed Fatigue Analysis is turned ON, CAEPIPE uses the “Fatigue Cycles” input by the user
through Layout Window > Misc > Fatigue Cycles to compute the “Cumulative Damage (D)” as outlined
above under ‘Detailed Fatigue Evaluation’.

Similarly, when Simplified Fatigue Analysis is turned ON, CAEPIPE uses the “Fatigue Cycles” input by
the user through Layout Window > Misc > Fatigue Cycles for calculating the “equivalent reference
displacement stress range cycles (N)”, which then is used to compute the stress range reduction factor
(‘" or ‘U’) as detailed above under the section titled ‘Simplified Fatigue Evaluation’.



For better clarity, refer to the example given below for inputting the Fatigue Cycles table:

Consider a piping system that operates at three different temperature levels, each with a
corresponding number of cycles over its service life and with the reference temperature of 70°F.

10000 cycles of Ty = Expansion (Ty) = Ty — Trey = 400°F — 70°F = 330°F
18000 cycles of T, = Expansion (T,) = T, — Tyep = —250°F — 70°F = —320°F
5000 cycles of T3 = Expansion (T3) = Ty — Ty = —100°F — 70°F = —170°F

With reference to the above temperature ranges, the number of cycles that can be entered in CAEPIPE
for each load case are as follows.

e For Expansion (T;), the number of cycles=10000

e For Expansion (T,), the number of cycles=18000

e For Expansion (T3), the number of cycles=5000

e For Expansion (T; — T,), the number of cycles = Min( Ty, T,) = Min (10000,18000) = 10000
e For Expansion (T; — T3), the number of cycles = Min( Ty, T3) = Min (10000,5000) =5000

e For Expansion (T, — Ty), the number of cycles = Min( Ty, T3) = Min (18000,5000) = 5000

Accordingly, the Fatigue Cycles table in CAEPIPE is to be input as shown below.

File Edit WYiew Options Misc Window Help

# |Load Caze Mo. of
Cycles (M)
1 | Expanszion [T1] [,
2 | Expansion [TZ2] 18000
3 |Expanzion (T3] R000
4 | Expanzion [T1-T2] | 10000
5 | Expansion [T1-T3] | 5000
B | Expansion [T2-T3] | 5000

—

The above approach to input the number of cycles is conservative as the sum of the Number of Cycles
input is greater than the sum of actual number of «cycles (i.e.,, [53000 =
10000+18000+5000+10000+5000+5000] > [33000 = 10000+18000+5000]). There may be alternate
ways to input the number of cycles, such as “combining” or "lumping" the ranges of variations to
produce the maximum effect as stated in Clause NB-3553 ‘Fatigue Usage’ of ASME Section llI,
Subsection NB (2021).



Tutorial:

Step 1:

Snapshots shown below are from a sample CAEPIPE Stress layout that is used for Detailed and
Simplified Fatigue Evaluation (see the “Detailed_Fatigue_Evaluation.mod” file). The piping code
selected for this analysis is ASME B31.1 (2024).

= Caepipe : Layout (72) - [Detailed_Fatgue_Evaluation.mod (C\Fatigue

File Edit View Options Loads Misc Window Help

I wHde BEO0 @R

# |Node|Type D[ | D (") | DZ (") | Matl | Sect | Load | Data

1 [Title = VERIFICATION OF CAEFIPE, PROBLEM 13

2 |PROBLEM USED IN FATIGUE EVALUATION
3_ 10 Fram Anchor
4 |20 " 1 |15 |71
5 |20 g 1 16 M
5[40 0.8333 1 18 M
7 |50 0.8333 1 |24 M
ERE: g 1 |24 M
'3 |70 |Bend |00 1 |24 |71
EMED 35" 1 |24 |71
11]90  |Rigid RN 1 |24 |71
12100 175" N
13[110 083 1 |24 [T
W 120 08333 |1 20 | T1 Uzer hanger
(15130 |Bend 2B 1 |20 |71
415|140 79" 1 |20 |71
17]150 13" 1 |20 |71 |Srubber
(12]160 |Berd  |2B" 1 |20 |71
ﬁ 170 -39t 1 20 T Uzer hanger
E 180 A0t 1 20 | T1 Conc mass
? 140 -3 1 208 | T1 Conc mass
(22| 200 £0 |1 |20 |71 |Srubber
23]210 |Bend 28 |1 |z T
24| 220 126" 1 |20 |71
25230 50" 1 |20 |71
26 (240 50" 1 |20 |11 |Anchor
? an Frorm

Graphics - [Detailed_Fatigue_Evaluation.mod (CAFatigue Evaluation]] "1 Caepipe : Graphics - [Detailed_Fatigue_Evaluation.mod (C:\Fatigue Evaluation]]

File View Options Window Help
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Step 2:

As explained above, this stress layout is assumed to be operating at three different temperature levels
T1, T2 and T3 as 400 deg.F, -250 deg.F and -100 deg.F respectively with the reference temperature as
70°F and Pressures P1, P2 and P3 as 100 psi. These loads can be input into CAEPIPE as follows.

o Select the “Number of thermal loads” as 3 through Layout Window > Options > Analysis >
Temperature.

Analysis Options

Code Temperature IF‘ressureI Dyrlamicsl Misc I

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

Mumnber of themal loads ¢ 1 € 2 & 3 10

& Themal = Operating - Sustained (A ecommended]
" Salve thermal case independently

Elastic: Modul:

" Use temperature dependent modulus

@ lse modulus at reference temperature

oK | Cancel |

b

e Input the Temperatures and Pressures for Operating and Design load cases as given below
through Layout Window > Misc > Loads.

=i= Caepipe: Loads (1) - [Detailed_Fatigue_Evaluation.mod [C:\Fatigue Evaluation)]

File Edit View Options Misc Window Help

lll @l\l Oée=

Mame |T1 |P1 | T2 |P2 Desq.T |Desg.Pr. | Specific | Add wat. | Wind  |Wind |Wind |Wind [ Snow |Ice
IF1 {[p=l [[F] |[p=i] [F] [|:-$|] [F1 [Pzl aravity | [IbAft) Losd 1| Load £ | Load 3 | Load 4 [Load | Load
1 |ir 400 (100 |-250{100 [ -100(100 | &00 125 oo
2
Step 3:

Section properties and Material used for this stress layout are given below.

i* Caepipe : Pipe Sections (12) - [Detailed_Fatigue Evaluation.mod [CA\Fatigue Evaluation)]

File Edit View Options Misc Window Help

BED QR BOE

# |Mame [MNom Sch [OD Thk | Cord&l|[M.Tol [ Ing.Denz | Ins. Thi. | Lin.Dens [Lin.Thk | Soil
Dia finch) | finch) [linckl [i21  |0B/R3) |Gnckl |0BA31 | inch]

1 [ie [1&* [#0 [15 |05

2 (20 |MonStd 20 |n594

'3 |24 |Monstd 24 (0478

(4 |12 |12 a0 [1275 |0.408

5 (14 [NonsStd 14 |D438

CRER S 5TD (8625 |0.322

7 (3 [Nonsid 9,875 |0.947

EREE 160 {1315 |0.25

'3 |18 |MonStd 1,655 |051

10]84  |MonStd 8625|0406

11| 208 |Mon Std 21188 |1.782

12[18  [NonStd 1315 |017

13

¥




=I= Caepipe : Matenials (1) - [Detailed Fatigue_Evaluation.mod (C\Fatigue Evaluation)]

File Edit Wiew Options

Misc

Window Help

QAE-OeEs

# |Mame Description | Ty | Density Mu  [Joint |Yield [Tensle |Fatigue # |Temp|E Alpha | Allowable
pe | [Ibdin3] factor |[psi] | [psi] Curve Mame [F1 [psi] [indindF] | [psi]
1Al E1ES N&|0.320 03 [1.00 |25000(70000 1 |-325 |25.BE+E |5.B0E-6 16700
2 |2 |150 |26.:86+5 | 6.808-6 | 16700
| |3 |50 |2e8E+5|7.200 5 | 16700
| 4 |70 |2606+8|7.708 6 | 16700
B |5 |100 |25.98+6|7.7966 | 16700
| |6 |200 |2556+5 |8.1066 | 14800
| |7 |300 [25.1€+6 |8.306-6 | 13800
| '8 |a00 |24.7E+5 | 25066 | 12200
| I3 |500 |24.36+5 |8.70E 6 12100
B [10]600 |23.98+6|5.80E-5 | 13100
| 1750 |2386+5 |8.056 6 | 12100
| 112|700 |2366+6 |5.906-6 | 13000
| 113|750 |23.46+5 |2.9065 | 12900
| 72200 [231E+5 | 8,906 | 12700
B 15| 850 |z296+6 89565 | 11000
| 16|00 |22.76+6 | 2.00E-5 | 8000
] 7]
Step 4:

Import / Read the Fatigue Curve into CAEPIPE for Fatigue Evaluation.

CAEPIPE is supplied with seven (7) Fatigue Curves corresponding to Figures 3-F.1 through 3-F.7 of ASME
Section VIII, Division 2 (2021). These Fatigue Curves are available inside the folder “Fatigue_Curves” of

CAEPIPE installation directory.

Fatigue curve corresponding to ‘Fatigue Curve for Wrought 70—-30 Copper—Nickel for Temperatures not
Exceeding 700°F—oys = 45 ksi’ from ASME Section VIII, Division 2 (2021)’ supplied with CAEPIPE is
used for the present Fatigue Evaluation. This fatigue curve is imported into CAEPIPE by selecting the
file ‘ASME_SECVIII_DIV2_3F6’ available in Fatigue Curves folder through “Layout Window > Misc >

Fatigue Curves > File Menu > Read Fatigue curve data” as shown in the snapshots below.

=i~ Caepipe : Layout (72) - [Detailed Fatigue Evaluation.mod (C:\Fatigue Evaluation]]

File Edit View Options Loads

d
2"
# [Node[Type  Jontiitin’y [ (rein'”
Title = ERIFICATION DF CAEPIPE, f
PROBLEM USED IN FATIGUE EVALI
10

From
50"
50
0.8333
08333
50
Bend |20
K

Figid -1

Bend
390
1

Bend 26"

Bend
128"
g0
g0
From

Misc  Window Help

Ctrl+Shift+ C
Ctrl+Shift+T
Ctrl+Shift+D

Coordinates
Element types...
Data types...

Check Bends
Check Connections

Check Branch SIF

Ctrl+Shift+M
Ctrl+Shift+5
Ctrl+Shift+L

Materials
Sections

Loads

Beam Materials
Beam Sections

Beam Loads

Pumps
Compressors

Turbines

Spectrums

Force spectrums
Time functions
Relief valve loading
Soils

User Allowables

Fatigue Curves

Fatigue Cycles

Internal Pressure Design: EN 13480-3
External Pressure Design: EN 13480-3

Ctrl+Shift+|
Chrl+Shift+E

Wind - ASCE/SEI 7-16
Wind - EN 1991-1-4 (2010)
Snow & |ce - ASCE/SE| 7-22

ile Edit View Options Misc Window Help

=1~ Caepipe : Fatigue Curves (0) - [Detailed_Fatigue_Evaluation.mod (C:\Fatigue Evaluatiol

Ei
[ Read Fatigue Curve data...

Y

Export..,

Ctrl+P

]

Print...

ss [pi)

Cycles [N]



=i~ Read Fatigue curve data from a Text File

Look in: I Fatigue_Curves j = |‘=_’F Ed-
Mame - Date modified Type Size
D ASME_SECVII_Div2_3F1 11-10-2024 11:55 Text Document 1KB
D ASME_SECVII_Div2_3F2 11-10-2024 11:35 Text Docurmnent 1KB
D ASME_SECVII_Div2_3F3 11-10-2024 11:55 Text Docurmnent 1KB
D ASME_SECVIII_Div2_3F4 11-10-2024 11:55 Text Document 1KB
j ASME_SECVIII_Div2_3F3 11-10-2024 11:55 Text Document 1KB
| =] ASME_SECVIII_Div2_3F6 11-10-2024 11:55 Text Document 1KB |
j ASME_SECVII_Div2_3F7 11-10-2024 11:55 Text Document 1KB
Fle name:  [ASME_SECVII_Div2_3F6 Open
Files of type: [ Text fie (*tx) = 4”’3”“3'
A 4

=I= Caepipe : Fatigue Curves (1) - [Detailed_Fatigue_Evaluation.mod [

File Edit View Options Misc Window Help

HED & &=

# [Mame | Description # | Strezs [pai] | Cocles [M)
1 [BFE |w70-30-CN-700F-18Ksi 1 [5000 1.0E+E
2 ERE 100000
B ‘2 [12800  [10000
N '4 40000 |1000
N '5 95000 {100
B ‘6 270000 |10
N 17 |
Step 5:

Assign Fatigue Curves to the Materials through “Layout Window > Misc > Materials > Fatigue Curve
Name” as shown below.

=i= Caepipe : Matenals (1) - [Detailed_Fatigue_Evaluation.mod (C:\Fatigue Evaluation]]

File Edit View Options Misc Window Help

QA e lle

# |Mame Description | Ty | Density Mu  |Joint |Yield [Tensle |Fatigue # |Temp|E Alpha | Allowable
pe | [Ibdin3] factor [[psi] | [psi] Curve Mame IF1 [psi) [indindF] | [p=i]

1 B165 KA | 0320 03 |1.00 |25000(70000 |3F6 325 | 26.8E+6 [ 5.80E-6 | 16700
150 | 26.8E+6 | 6.80E-6 | 16700
B0 |26.6E+6 | 7.20E-6 | 16700
0 |26.0E+6 | 7.70E-E | 16700
100 [25.9E+6 | 7.79E-6 | 16700
200 |25.5E+6 [8.10E-6 | 14600
300 [251E+6 | 8.30E-6 | 13600
400 |24.7E+6 [8.50E-6 | 13200
500 |24.3E+6 [8.70E-6 | 13100
600 [23.9E+6 [ 8.80E-6 | 13100
B0 |23.8E+6 [8.85E-6 | 13100
700 |23.BE+6 |9.90E-E | 13000
7A0 [23.4E+6 | 8.90E-6 | 12900
800 [2371E+6|8.90E-6 | 12700
850 [22.9E+6 | 8.95E-6 | 11000
500 |22.7E+E [9.00E-6 | 2000

e e B e R I L R A R E S A T
—| o

Note:

To exclude a section of the layout from fatigue analysis, the user should either create a new
material or copy an existing one and leave the fatigue curve section blank. This material, with
no assigned fatigue curve, can then be applied to all sections intended to be excluded from
fatigue evaluation.



Step 6:
For inputting the Actual Number of Fatigue cycles, select the required Expansion load cases through
“Layout Window > Loads > Load cases” as shown below.

Load cases (11)

W Sustained [w+P] v Expansion [T1-T3]
[~ Emphy Weight [#] ¥ Expansion (T2 - T3]
I Sustained fwi+P1] ¥ Operating [w+P1+T1)
I~ Sustained fw+P2) ¥ Operating [w+P2+T2)
[ Sustained fwi+P3) ¥ Operating [w+P3+T3)
v Expansion (T1] [ Design [w+PD+TD]
¥ Exparsion T2] W Static seismic 1 [g'
¥ Expansion T3] [~ Modal analysis
¥ Expansion (T1-T2)
’TI Cancel | Al | Mare I

h

Once the required load cases are selected, input the Actual Number of Cycles (N) as detailed above
under the Section titled “Actual Number of Cycles to be Input for Detailed and Simplified Fatigue
Analysis” in this tutorial for the selected Expansion load cases through “Layout Window > Misc >
Fatigue Cycles” as shown below.

"I Caepipe : Fatigue (6) - [Detailed_Fatigue_Ev.. — O

File Edit Wiew Options Misc Window Help

BEDGR &=

# [Load Caze Mo, of
Cycles [M]
1 |Expangion [T1]  [jlo000
2 |Expanzion [TZ] 12000
3 | Expanzion [T3] RO0a
4 | Expansion [T1-T2] | 10000
5 | Expansion [T1-T3] | 5000
6 | Expanszion [T2-T3] | 5000

Note:

To exclude any load cases from fatigue analysis, the user should leave the "Number of Cycles
(N)" section blank in the corresponding table.

Step 7:
Turn ON (tick) the Simplified and Detailed Fatigue load cases through Layout Window > Loads.

"I Caepipe:Layout (2} - [Detailed_Fatigue Evaluation.mod (C:\Fatigue Evaluation]]

File Edit View Options Loads Misc Window Help

Load cases (11] ...
A LTE
~  Simplified Fatigue
# [Mode|Type  |DX (in")| Jata

The - VERFICATIONOF G ~  Deteiled Fatigue I

FROBLEM USED IM FATIGI . Static seismic 1.
10 |Fr|:|m | |

inchar

1
2
3_ Static seismic 2...



Step 8:
Save the model and perform the Analysis through “Layout Window > File > Analyze”.

Step 9:
Review the Simplified Fatigue Evaluation Results by selecting the option “Simplified Fatigue” through
“Results Window > Results”.

O

=i~ Caepipe : Simplified Fatigue - [Detailed_Fatigue...

File Results View Opticns Window Help
 Sorted stiesses " Displacements @l <:| |::>
I ' ~ .
[Bee > Ganleres Ereqrane=s # |Load Caze Hef.Stress Stn_ass Mao. of Input Equivalent
" Hanger report " Mode shapes [psi) sl | Cyeos [AEN |G el [0
1 |Expanzion [T1] 20840 11724 (10000 BE3
" Support load summary & Simplified F atigue: 2 |Espansion(T2)  |20040 9344 |18000 726
 Support loads " Fatigue Summary 3_ Expansion [T3] 20840 5573 (5000 E
4 [Expansion [T1-T2]) | 20840 20840 (10000 10000
€ Element forces 5 | Exparsion (T1-73)| 20840 | 17166 | 5000 1895
6 | Expansion [T2-T3) | 20840 3A7ER 5000 0
QK I Caticel | —
7 Cycles [N [12791
L

CAEPIPE uses the above computed equivalent number of full displacement cycles (N; = 12791) to
determine the Stress Range Reduction Factor (f), which is then used in computing the Expansion
Allowable Stress (SA) shown under Sorted Stresses and Code Compliance results of CAEPIPE
corresponding to the piping code ASME B31.1 (2024) selected for analysis.

Step 10:
Review the Detailed Fatigue Evaluation Results by selecting “Sorted stresses”, “Code compliance”,
“Elemental Forces”, or “Fatigue Summary” through “Results Window > Results” as shown below.

=i= Caepipe : B31.1 (2024) Code compliance (Sorted stresses) - [Detailed Fatigue_Evaluation.res... — O
File Results View Options Window Help
QEHeE=> BB
Susztained Expansion Oezasional Fatigue Evaluation

# 5L [SH  |5L SE S&  |SE S50 |1.25H|50 Cumulative

Mode ([psi] |(p=] [SH |Mode|(pzi]l |(pszi] |54 |Mode|(ps) [[p=i] |71.25H|Mode |Damage
1 [580 | 3624 |13200|0.27| 540 | 2084021885 (095|550 (3730(15840|0.24 |540 |0ES1
2 |10 |2522|13200| 019 5108 | 15651 | 21885 | 072|450 |2633 (15840 (017 |480 |0188
'3 |560 | 244413200 019|480 |14597 | 21805 (067|190 |2539|15940( 016 [430 0156
(4 |190 [2442 (13200 (0019|490 |13905 | 21805 (063|610 |2534|15240( 016 |5104 |0.078
5 | 708 | 2152 (13200 |0.16| 450 |12987 | 21805 |59 50 |2474|15240| 016 | 5304|0087
' [180 |2089|13200| 0165|5100 11834 | 21885 [054] 460 | 2414 [15840 (015 |5108 | 0053
|7 |530 |1986|13200| 015 5304 11226 | 21885 [ 051|708 |2400 (15840 (015 |430 |00S3
'z |460 [1954 13200 |05 5308 | 7405 | 21885 (0.34| 180 |2201 |15240{ 014 [420 0083
'3 |570 [1901 13200 (04| 500|733z |21ees (034 7oa |2080|15240( 013|410 |0083
105800 (1901 | 13200 014|420 |7257 |21885|033] 2100 | 2063 (15840 (013 | 4008 | 0053
[11[450 |1731 |13200| 013|290 |E969 |21885 (032|590 |2m3(15840(013 |00 0053
[12]5a08 (1717 13200 |03 520 |e127 |21ees|o2e|20 |19 |15e40{0q2 |20 |o0s3
13 2108 (171413200 [0.13| 450 |5482 | 21885 |0.25| 5804 | 1904 | 15240 {012 |80 |0.083
(14|20 |1ee9|13200| 013|220 |5085 |z1885|023|se0 |1904[15840(012 |30 |00s3
15|20 |1640|13200| 012|170 |4734 |21885 (022|420 |1m93(1s840(012 |30 |00S3
116|250 |1610{13200| 012|470 |4654 |21885|021]|30 |18ss|1s840|012 |30 |nos3
17260 [1585 | 13200 |02| 1508 | 4641 |21ms|0.21|40 |1951|15240{012 |40 |0083
18420 [1555 13200 |0z2| 430 |4620 |z1ees|o21|90 |1szi|1se40|0q1 |08 |0083
[13|a0  |1510{13200|011|20 4489 |z1885|020]s808 1752 (15840 011 | 3304 0053
[20(100 |1508|13200| 011|410 |4411 |21885|020|s0  |1694 (1580|011 |320 |00S3
EJ«D 148613200 (027110 |4179 (21885)|0.19|380 (16824 [15840)011 |310B |0.053
2 EN AAR2 420 ladd b 440 270 ORI nATLAN0A TS0 T ARCdAn I A 44 MHna [ nnNEY




=i= Caepipe: B31.1 (2024) Code Compliance - [Detailed_Fatigue_Evaluation.res (C\Fatigue Evalu... — O

File Results Wiew Options Window Help

1| EE=

Press. Sustained E spanzion Oeccazional F atigue
# |Mode |Allow. [SL [SH 5L |5E SA SE |50 |1.25H|50 Cumulative
[pzi]  |[psi [[p=i] [SH |[psi] |[psi] |S& Jips] [[psi] | 1.25H | Damage
10 (125 1351 [13200 | 010) 4179 (21885 (0191516 (15840 (010 | 0.053
200 (840 1607 [13200 ) 012) 23234 (21885 (011 |1879 (15840 (012 | 0.053
20 (125 |1640(13200 0124459 (21885 (0201931 (15840 (012 | 0.053
30 (840 | 1446 (132000171 ) 2488 (21885 (0111886 (15840 (012 | 0.053
a0 (125 | 1446 (13200 ) 0171 | 2488 (21885 (0111886 (15840 (012 | 0053
40 (240 | 1384 [ 13200 | 010) 2266 (21885 (0101851 (15840 (012 | 0.053
40 (125 | 1486 (13200 ) 0171|1051 (21885 (0051715 (15840 (011 | 0053
B0 (527 | 1453 (13200011977 (21885 |0.04] 1694 (15840 (011 | 0.053
B0 (125 | 1453 |13200 011|977 (21885 (0041694 (15840 (011 | 0053
B0 (527 | 1250(13200)009)1328 (21885 |0.06) 1567 (15840 (010 | 0.053
FOa (125 | 1345 |13200 | 010) 3336 (21885 (0152080 (15840 (013 | 0053
FOB (527 | 2152 (13200 016) 1965 21885 |0.09] 2400 (15840 (015 | 0.053
FOB (125 |1608|13200 0171|1620 (21885 (007 1611 ({15840 (010 |0.053
a0 [8EF  |1510( 13200 0171|1641 (21885 |0.07| 1658 (15840 (010 | 0.053

.
B
E
4|
5 |
& |
7 ]
s |90 [125 |[1ees|13z00|013|e70  |21885|004|1821 |15840| 011 |0053
9 |
0]
?
?
ﬁ

100|527 |1806(13200 (0771 839 21885 |0.04| 162015340 | 010 | 0.053

100|125 |1806(13200|0171)839 |21885|0.04| 162015840 | 010 | 0.053
M0 |527 | 1390(13200 | 0771|846 21885 |0.04| 149615340 |0.03 |0.053

10 125 | 1016 (12200 | 0.02) 986 21885 |0.05| 115515840 | 0.07 | 0.052
120|797 | 875 (13200|0.07)1003 (21885 |0.05)1011 (15340 |0.08 |0.053

1304 1125 | 924 (13200007 |1135 21835 |0.05)1130(15840 | 0.07 | 0.053
130B | 797|944 (13200 0.07) 3704 21885 017|127 15840 | 0.08 | 0.053

130B |125 | 836 (13200|0.07|1433 21835 |0.07 (109315840 |0.07 |0.053
140 | 797|857 (13200 0.06) 2091 218850101043 (15340 | 0.07 |0.053

140 125 |97 (13200007 | 1433 21835 |0.07 | 101615840 |0.06 |0.053
160 1797 lera [1eoninnelt4e7 Ieasinnzleare l1eeaninne Inns=

=i Caepipe : Pipe forces in local coordinates: Expansion (T1-T2) - [Detailed_Fatigue_Evaluation.res {C:\Fatigue Evaluation)]
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# [Mode | Axial y5hear|zShear|  Torsion(ft-lb] Inplane(ft-lb) Outplane(ft-b] Flex. Factors SE S8 SE |act  [Cyc to Damage
[[=]] [[=]] [[=]] Moment | SIF Moment | SIF Maoment | 5IF FFi FFo  [FFt [psi] |[psi] |54 |Cycles |Failure Factar
421450 |[-18599 |-1638 |707& (102 4384 1313 5482 [20708|0.24 10000 [1E+006  (0.010
480 (18599 [-1638 | 707|102 7RED 12838 12887 | 20708 | 0.57 | 10000 [1.5E+005 |0.067
43|460 |[-18599 |1638 | 7075 |102 7BED 12838 4010 |20708|0.18|10000 [1E+008 (0010
| |470 18539 1638|7075 (102 8343 15788 4E54 |20708|0.21 (10000 [1E+006 (0010
441480 |[-2781 |-26885 |-2M3 (781 14531 13702 14557 | 20708 | 0.64 | 10000 | 7.73E+004 (0129
430 (-2761 |-2685 |-2013 |71 13637 13032 13806 | 20708 | 0.61 | 10000 | 9.47E+004 (0106
451490 |[-2761 |-2685 |-2M3 (791 13637 13032 13806 | 20708 | 0.61 | 10000 [9.47E+004 (0106
500 (-2761 |-2685 |-2013 |71 8963 3914 7332 |20708|0.32 (10000 [1E+008 (0010
46 |5104 [-2761 |-B973 |16 2689 (1.00 8963|208 3914 (172 11834 | 20708 | 0.52 | 10000 | 2.83E+005 | 0.035
| |510B 5973 2761|116 [-4030 |1.00 12175 206 2805 (172 15651 | 20708 | 0.69 | 10000 |EE+004 (0167
475108 (5973 |-116  |-2761 |-4030 2805 12175 10051 | 20708 | 0.44 | 10000 [ 9.62E+005 (0.010
520 5973 |16 |-2761 |-4030 3548 5543 B127 [20708|0.27 (10000 [1E+008 (0010
455304 (5973 |16 |-2761 |-4030 (1.00 3548 (244 BE43 (203 2231 11226 | 20708 | 0.50 | 10000 | 4.21E+005 | 0.024
5308 [-116  [5973 |-27E1 |-8303 (1.00 2310 (244 1269 | 2.03 2291 7405 |20708|0.33 (10000 [1E+006 (0010
43|530B (116 |-B973 | 2761 |-8303 230 1269 E223 20708 |0.27 [10000 [1E+008  (0.010
540 [-116 |-B373 |2761 |-B303 26204 3774 20840 20708 | 0.92 | 10000 [ 2.11E+004 | 0.473
500550 |[-& -3 0 -19 -4 3E 2551 [20708|0.11 (10000 [1E+006 (0010
580 (5 -3 0 19 -2 3k 2844 | 20708|0.11 (10000 [1E+008 (0010
51560 [-B -3 0 19 -2 3E 2544 [20708|0.11 (10000 [1E+008 (0010
| |570 |5 -3 0 -19 -1 3E 2541 [20708|0.11 (10000 [1E+006 (0010
525804 -5 i] -3 19 1.00 36 1.00 1 1.00 215.0 215.0 |2541 |20708|0.11 10000 |1E+006 |0.010
580E (0O 5 -3 0 1.00 34 1.00 18 1.00 2150 215.0 |2448 |20708|0.11 10000 |1E+006  |0.010
535806 [0 -3 5 0 18 34 2951 [20708|0.13|10000 [1E+006  (0.010
530 (0 -3 -5 0 -14 27 2350 |20708|0.10(10000 [1E+006 (0010
541530 (0 -3 5 0 14 27 841 [21752|0.04 |10000 [1E+008 (0010
| |g00 O -3 B 0 14 26 803 [21752|0.04 |10000 [1E+0QO8 (0010




*I* Caepipe : Detailed Fatigue Summary - [Detailed_Fatigue_Evaluation.res (C... — O

File Results View Options Window Help

El &=

# |Load Caze Stresz (Mo, of Input | Cycles to | Factor = | Node
[pzi] [ Cywcles [MC] | Failure [ME) | HCANE | Mumber

E=panszion [T1] S8E62 10000 3.04E+005 0033 | 540
Expansion [T2] 4672 |18000 1E+006  |0.018 | 460
E=panszion [T 3] 2783 5000 1E+006 | 0.005 | 460
Expanzion (T1-T2] (10420 10000 211E+004 | 0,473 | 540
Expanzion [T1-T3] (8583 | 5000 4.28E+004 10117 | 540
Expansion (T2-T3)| 1883 | 5000 1E+006 | 0.005 | 460

i

When the Detailed Fatigue Evaluation is enabled in the analysis for applicable piping codes,
the following additional results will be added:

e Sorted Stresses: CAEPIPE will display additional columns under the "Fatigue
Evaluation".

e Code Compliance: CAEPIPE will display additional column under the "Fatigue"
section. This column will show the cumulative damage factor calculated from all the
selected expansion load cases at each element, as illustrated above.

e Element Forces: CAEPIPE will display additional columns titled Actual number of
cycles (Act. Cycles), Number of cycles to failure (Cyc. to Failure) and Damage Factor
related to Fatigue Evaluation as shown above.

Summary:

Since the total Cumulative Damage factor at each node is less than 1.0, the stress layout is considered
safe for the considered thermal cycles and no further modifications for the stress layout is required as
per Fatigue Evaluation.



