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Engineering Notes Page 2 of 20

Notes:

UG-22 Loadings Considered:
Internal Press.: Yes

External Press.: No

Vessel Weight: No

Weight of Attachments: No

Attachment of Internals: No

Attachment of Externals: No

Cyclic or Dynamic Reactions: Yes

Wind Loading: No

Seismic Loading: No

Fluid Impact Shock Reactions: No

Temperature Gradients: No

Differential Thermal Expansion: No

Abnormal Pressures: No

Hydrotest Loads: No

Revisions:
Rev Date Initials

0 3/11/2026 SDPRelease
Description
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Goal:

Summary Conclusions:

Analysis Software

Analysis Type

Materials

Model Information

Restraints & Loads

Results

Analysis Conclusion:

Fatigue: Elastic material with fatigue curves from ASME VIII-2, Annex 3-F.

The rules of ASME VIII-1 do not cover fatigue cycle calculations, therefore, in accordance with U-2(g)(-a) finite element 

analysis (FEA) is selected to validate the design.  The FEA is performed in accordance with ASME VIII-2 Part 5 with 

ASME VIII-1 allowable stresses per Mandatory Appendix 46.

ANSYS 2025 R1

Fatigue: Linear elastic with small displacement per ASME VIII-2, 5.5.3.

A 1/8 solid model is used for the analysis. A solid, second order, quadrilateral mesh is applied, contact elements are 

treated as bonded. Reported error is five percent as per CSA B51 Annex J. This validates the mesh selected, the model 

may be used for the analysis.

Frictionless support is applied at the symmetry planes. Fluctuating operating pressure is applied to all internal faces of 

the vessel. An Exit pressure force is applied at the flanged end to simulated a closed system. The reported reaction 

forces match the theoretical reaction forces. The model is in balance and restrained from rigid body motion.

The direction of displacement is as expected. The design is acceptable for 100,000 cycles for 100 psi fluctuating 

pressure.

The Cycle Life Sample has been analyzed to ASME VIII-1, 2025 edition rules and is found acceptable for 100,000 cycles 

for 100 psi fluctuating pressure.
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Material Input Chart: 

150  Temperature

Material 1 Material 2 Material 3 Material 4
Material = SA-516 70  Plate SA-516 70  Plate SA-105   Forgings SA-106 B  Smls. pipe

Application = Head Shell Flange Nozzle
S = 20,000 20,000 20,000 17,100

Sy = 35,700 35,700 33,800 32,900
YS = 38,000 38,000 36,000 35,000

UTS = 70,000 70,000 70,000 60,000
E1 = 1.00 0.70 1.00 1.00
E2 = 1.00 1.00 1.00 1.00

E = 29,030,769 29,030,769 29,030,769 29,030,769
v = 0.30 0.30 0.30 0.30

Density = 0.28 0.28 0.28 0.28
Coef =

Pm = 20,000 14,000 20,000 17,100
Pl = 35,700 24,990 33,800 32,900

Pl+Pb = 35,700 24,990 33,800 32,900
Pl+Pb+Q = 71,400 49,980 67,600 65,800

Prop. Sources 
Comments 

Variable Descriptions: VIII-2 5.14

S (allowable stress) Sy (minimum yield strength at design temperature) II-D Table Y-1

YS (minimum yield strength at ambient temperature) II-D Table Y-1 UTS (ultimate tensile strength at room temperature) II-D Table U

E1 (weld efficiency) E2 (casting efficiency)

E (modulus of elasticity) - II-D Table TM v (poisson ratio) II-D Table PRD

Density - II-D Table PRD Coef (thermal expansion coefficient) II-D Table TE

Stress Limit Equations: VIII-2 Table 5.3 and Figure 5.1

Pm ≤
Pm ≤

Pl ≤
Pl+Pb ≤
Pl+Pb ≤

Pl+Pb+Q ≤
Pl+Pb+Q+F = 2Sa~~range of primary plus secondary plus peak stress

Comments:
(1) The thermal expansion coefficient is only required for studies including thermal stresses

(2) Refer to VIII-2 Table 5.3 and Figure 5.1 for stress limits

(3) Refer to VIII-2 Table 5.6 for the correct application of the calculated stress limits

(4) Sa is the alternating stress to be used in a fatigue evaluation

(5) Triaxial stress shall satisfy a limit of 4S

(6) Limits based on Sy or 2*Sy are only valid if YS/UTS does not exceed 0.7 and material is not in the creep range

Spl --> max(1.5*E1*E2*S, E1*E2*Sy)~~local primary membrane + bending stress limit (material only)

3*S~~primary membrane + bending stress limit (bolting combine operation + seating)

Sps --> Max(3*E1*E2*S, 2*E1*E2*Sy)~~range of primary + secondary stress

ASME II-D 2025 Edition
Stress = psi, Temperature = °F, Density = lb/in^3

2*S~~general primary membrane stress limit (bolting combine operation + seating)

Spl --> max(1.5*E1*E2*S, E1*E2*Sy)~~local primary membrane stress limit

E1*E2*S~~general primary membrane stress limit (material only)

Bolting 5
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Model

A 1/8 model is used in the analysis due to symmetry. Under tolerance of 12.5% is removed from all nozzle pipes. All items 

requiring fatigue analysis per VIII 2 5.5.2.4 have been included in the model. Please refer to drawing 6160D-1 for model 

used in this FEA.

Nozzle N1

Nozzle N2

Nozzle N3

Fig-1
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Error

An error plot is used to demonstrate mesh convergence.  The error is computed from the difference in the element and 

nodal strains.  No general areas in the model are in excess of five percent as per CSA B51 Annex J.  Areas that are in excess 

of five percent are limited to areas of discontinuity.

Fig-2
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Mesh

A 0.125 inch second order quadrilateral solid mesh is applied globally to the model. The mesh is further refined with three 

elements through thickness.

Fig-3
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Support

Frictionless support is applied to all faces on the symmetry planes. This accounts for the use of a 1/8 model and produces 

results identical to a full model.

Fig-4
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Pressure (P)

The 100 psi fluctuating pressure is applied to all internal surfaces in the model.

Fig-5



Exit Pressure Force Page 11 of 20

Inputs:
3  No - number of openings

100  P - pressure

ID

Open 

Factor P A
6.135 0.250 100.000 29.561
4.086 0.500 100.000 13.113
8.061 0.250 100.000 51.035

Open Factor- use this for circular openings cut by section plane (ex. 1/2 opening)

Apply force F to the model in a realistic location (ex.  back of flange, end of pipe or engaged thread area)

Opening Description

C

Exit Pressure Force

Exit pressure forces are applied at openings to simulate the longitudinal stress present in a close system.  The exit 

pressure force is the product of the pressure and the opening area.  Corrections are used for openings reduced by 

symmetry.

Unit: Imperial psi, in, in^2, lb ; Metric MPa, mm, mm^2, N

F
739.0
655.6

1,275.9

A
B

Fig-6
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100  P [psi] - Pressure 

X Axis: reaction forces on the YZ plane caused by loads in the X direction

767.115  XArea [in2] - Pressurized area on YZ plane
0.0  XForce [lb] - Added force in the X direction

76712.000  XReaction [lb] - Reaction force in X direction reported by FEA program
 TReactionX [lb] = XArea*P+XForce ~~ Theoretical X reaction force 767.115*100+0 = 76,712

Y Axis: reaction forces on the XZ plane caused by loads in the Y direction

275.435  YArea [in2] - Pressurized area on XZ plane
0.0  YForce [lb] - Added force in the Y direction

-28938.000  YReaction [lb] - Reaction force in Y direction reported by FEA program
 TReactionY [lb] = YArea*P+YForce ~~ Theoretical Y reaction force 275.435*100+0 = 27,544

Z Axis: reaction forces on the XY plane caused by loads in the Z direction

664.522  ZArea [in2] - Pressurized area on XY plane
0.0  ZForce [lb] - Added force in the Z direction

67728.000  ZReaction [lb] - Reaction force in Z direction reported by FEA program
 TReactionZ [lb] = ZArea*P+ZForce ~~ Theoretical Z reaction force 664.522*100+0 = 66,452

Resultant of reaction forces in X, Y and Z:
 TResultant [lb] =

105,163
 Resultant [lb] =

106,345

 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(105163-106345)/106345 = -1.1
 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(-1.1)<2    Acceptable

SQRT(76712^2+-28938^2+67728^2) = 

Global Reaction Forces from analysis 'X' = 76712 lb, 'Y' = -28938 lb, 'Z' = 67728 lb

Calculated Reaction Forces = Analysis Reaction Forces within -1.1% 

Model is balanced, results are valid.

sqrt(TReactionX^2+TReactionY^2+TReactionZ^2) ~~ Theoretical resultant

SQRT(76712^2+27544^2+66452^2) = 
sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant

Global Reaction Forces

Fig-7
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Displacement

The displacement plot is magnified 100 times to emphasize the displaced shape of the model. The original geometry is 

superimposed to further emphasize how the model displaces. The displaced shape of the model is as expected.

Fig-8
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von Mises Stress

The maximum von Mises stress in the model is 33,264 psi. This stress occurs in the base material of the formed head.

Fig-9
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SCL Path

The stress classsification lines are taken as shown in the figure above. As these areas are at welded joints the linearized 

equivalent stress range is multiplied by a fatigue strength reduction factor

SCL-1

SCL-2

SCL-3

SCL-4

SCL-5

SCL-6

SCL-7

SCL-8

SCL-9

SCL-10

SCL-

SCL-12

Fig-10
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SCL - 10

The stress at the shell nozzle is linearized. The membrane plus bending stress of 20,233 psi is used in the fatigue 

assessment. All SCLs are taken using the similar method.

Fig-11
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 Description
Units: Stress = psi, Temp. = °F

Cycle Graph:
Fig_3_F.1  Fatigue Curve

Carbon, Low Alloy, Series 4xx, High Alloy and High Tensile Strength Steels for temperatures not exceeding 700°F

UTS<= 80 ksi

Cyclic Data: VIII-2, 5.5.3

100  P1 - pressure used for FEA results

100  P2 - operating or cycle step pressure

0.0%  D1  - previous cycle step damage (0 if single step cycle)

100,000  nk  - required cycles

20,233  Stress - stress range from FEA results

1.70  Kf - fatigue strength reduction factor (Table 5.11 and 5.12)

3.00  m - material constant used for the fatigue knock down factor (Table 5.13)

0.20  n - material constant used for the fatigue knock down factor (Table 5.13)

20,000  S - material allowable

150  Tav - average cycle temperature

29,030,769  Et - modulus of elasticity at Tav

71,400  Sps - allowable limit on the primary plus secondary stress range (see 5.5.6)

Fatigue Penalty Factor: 5.31, 5.32, 5.33

 ΔSpk = Stress*P2/P1 20233*100/100 = 20,233
 Kek1 = 1 1 = 1.000
 Kek2 =

-0.433
 Kek3 = 1/n 1/0.2 = 5.000

 Kek =
1.000

Permissible Cycle Life: VIII-2, 5.5.3.2

 Saltk = (Kf*Kek*ΔSpk)/2 (1.7*1*20233)/2 = 17,198
 Efc = From Table 3-F.1 28,300,000
Sac = Efc*Saltk/Et 28300000*17198/29030769 = 16,765
Nk = From Fig_3_F.1 188,836

Damge = nk/Nk 53.0%
Total Damge = Damge+D1 53.0%

Cycle life at SCL-9 (Head Knuckle)

1 + (1-n)/(n*(m-1)) * ( ΔSpk/Sps-1)
1 + (1-0.2)/(0.2*(3-1)) * ( 20233/71400-1) = 

If(ΔSpk<Sps,Kek1,If(ΔSpk>=m*Sps,Kek3,Kek2))
IF(20233<71400,1,IF(20233>=3*71400,5,-0.433)) = 

1
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Required Cycles

Item Location Table Weld Quality Stress Cycles Surface Damage
N1 Neck Flg SCL1 Fig_3_F.1 Butt Weld 3 1,123 100,000,000,000    0.0%
N1 Head Junction SCL2 Fig_3_F.1 Fillet Weld 3 8,752 51,033,318,707      0.0%
N1 Pipe SCL3 Fig_3_F.1 Fillet Weld 3 13,612 7,334,289                1.4%
N2 Head Junction SCL4 Fig_3_F.1 Fillet Weld 3 13,177 13,934,521              0.7%
N2 Pipe SCL5 Fig_3_F.1 Fillet Weld 3 6,058 100,000,000,000    0.0%
N2 Neck Flg SCL6 Fig_3_F.1 Butt Weld 3 729 100,000,000,000    0.0%
N2 Pipe SCL7 Fig_3_F.1 Fillet Weld 3 18,402 286,762                   34.9%
N2 Head Junction SCL8 Fig_3_F.1 Fillet Weld 3 18,865 256,003                   39.1%
Head Knuckle Fig_3_F.1 No Weld 1 33,264 216,663                   46.2%
Head Shell Junction SCL9 Fig_3_F.1 Butt Weld 3 9,446 11,945,421,911      0.0%
N3 Head Junction SCL10 Fig_3_F.1 Fillet Weld 3 20,233 188,836                   53.0%
N3 Pipe SCL11 Fig_3_F.1 Fillet Weld 3 14,985 1,138,520                8.8%
N3 Neck Flg SCL12 Fig_3_F.1 Butt Weld 3 2,837 100,000,000,000    0.0%

Notes: 

1. Double SCL entries show inside and outside stress data with applicable Kf values.

2. Modulus correction per temperature listed on stress limits page

Fatigue results in accordance with ASME VIII-2, 5.5.3:

100,000

3. Fatigue life calculations in this page is performed in reference with previous page "Fatigue Life @ SCL-10".
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