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Executive Summary vers.o1 Page 3 of 43

Goal:

A fatigue assessment is completed per ASME VIII-2 part 5 for the vessel. Finite element analysis is used to
determine the stress amplitudes for fatigue computations.

Summary Conclusions:

Analysis Software
SolidWorks Simulation 2012 SP3.0

Analysis Type
A static linear elastic study is performed using small displacement theory.

Materials
Material properties used in this report are obtained from ASME IID Table 1A (materials for VIII-1 designs).
Stress classification limits are set in accordance with ASME VIII-2. Material stress limits are provided in this
report, but model stresses are not commented on as this report only covers fatigue assessment.

Model Information
A sectioned (approx. 1/4) solid model is used for the analysis; pipe tolerance and head thin out are removed.
The model is sectioned to include all important items requiring fatigue analysis. This report will generate
result that justify the fatigue of the entire tank. A solid, 2nd order, tetrahedral mesh is applied and contact
elements are treated as bonded. Reported error is < 5% in general regions as per ABSA FEA guideline AB-
520. This validates the mesh selected, the model may be used for analysis.

Restraints & Loads
The bottom sectioned surface has symmetry restraints applied. Symmetry is also applied on the two cutting
faces on the symmetry planes. All internal surfaces have 100 psi applied. This pressure simulates the same
stress amplitude as running 25 psi to 125 psi and calculating the stress differential per VIII-2. All openings
have pressure thrust loads applied to simulate the attachment of a closed loop pipe system. Thermal loads
have not been applied since all materials have a consistent thermal expansion. The reported reaction forces
match the theoretical reactions forces. The model is in balance and restrained from rigid body motion.

Results

The direction of displacement is as expected, the magnitude of displacement is acceptable. The resulting
fatigue per location is summarized below.

Location Allowed Cycles Reference
Head Knuckle 233,206 Pg. 13
6" Nozzle 215,553 Pg. 19
4" Nozzle 43,727 Pg. 27
8" Nozzle 40,573 Pg. 35

Analysis Conclusion:

From the fatigue assessment it is determined that the vessel is permissible for 40,573 cycles. This is
constrained by the stresses at the weld toe at the 8" nozzle to shell junction.



Material Stress Limits ver 4.02 ASME viil-2 Fig 5.1

Material Input C

150 Temperature pr

hart:

Material 1 Material 2 Material 3 Material 4
Material =[SA-516 70 SA-106 B SA-105
Application =[Shell / Head Nozzles Flanges
Sm ppsii = 20,000 17,100 20,000
Sy psi1 =| 35,700 32,900 33,800
Syapsi =| 38,000 35,000 36,000
Sta psi={70,000 60,000 70,000
E1=[1.0 1.0 1.0
E2 =|1.0 1.0 1.0
E 1psi1 =] 29,030,000 29,030,000 29,030,000
v =|0.30 0.30 0.30
Coef =
Pm psi=| 20,000 17,100 20,000
Plpsi=] 30,000 25,650 30,000
PI+Pb psi=[ 30,000 25,650 30,000
PI+Pb+Q psi=| 71,400 65,800 67,600
Prop. Sources ASME Section Il Part D 2010 Ed, 2011 Add.
Comments

Variable Descriptions: Viil-25.13
Sm (basic allowable)

Sta (tensile strength at ambient temp.)
E1 (weld efficiency)

E2 (casting efficiency)

Stress Limit Equations: VIiI-2 Figure 5.1
Pm = E1*E2*Sm
Pm = 2*Sm

Pl = 1.5*E1*E2*Sm
PI+Pb = 1.5*E1*E2*Sm
Pl+Pb = 3*Sm
PI+Pb+Q = Max(3*E1*E2*Sm,2*E1*E2*Sy)

PI+Pb+Q+F = Use fatigue curves

Comments:

Sya (yield strength at ambient temp.)

E (modulus of elasticity) - 1ID Table TM-1
v (Poison's ratio) - 1ID Table PRD

Coef (coefficient of thermal expansion)

(1) Sy material property is not required, more conservative Pl+Pb+Q limits might be computed without it.

(2) The thermal expansion coefficient is only required for studies including thermal stresses
(3) Refer to VIII-2 5.15 Figure 5.1 and following for the Pm, PIl, Q and F stress limits

(4) Refer to VIII-2 5.14 Table 5.6 for the correct application of the calculated stress limits
(5) Use IID tables 5A and 5B for Sm for VIII-2 studies

6) Use IID tables 1A and 1B for Sm values (S) for VIII-1 studies

7) Use B31.1 Table A for Sm values for B31.1 studies

8) Use B31.3 Table A for Sm values for B31.3 studies

9) 2*Sy PI+Pb+Q not valid went in creep range.

(
(
(
(
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6" Nozzle

4" Nozzle

8" Nozzle

N

A

Model Geometry
A 1/4 section of the model is used in the analysis due to symmetry. All items requiring fatigue analysis per VIII-
2 5.5.2.4 have been included in the model. Please refer to PVEdwg-6160-1.0 for detalils.

L.

Model Geometry - Rotated
The model view is rotated to show the opposite side of the vessel.
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0.125" Refined ]

[ 0.250" Global

Mesh Plot
A 0.250", second order, tetrahedral, solid mesh was applied globally. Local areas were refined to 0.125" to reduce the reported error to less than 59
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Typ. Discontinuity
at Nozzle Weld
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Error Plot

No general areas observe error in excess of 5%. The error plot demonstrates that the mesh selected is refined
enough for geometry and stress variations. The mesh setup may be used for further analysis.
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Error Plot

An alternate view showing the error result for the inside of the vessel.
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Sy mmetry:

e

Symmetry Restraints
Symmetry restraints are applied to all faces on the symmetry planes.
This restraint compensates for the use of a 1/4 model and provides results identical to that of a full model. This
restraint prevents motion in the x and z directions.

i =

Symmetry Restraint - Bottom
A symmetry restraint is applied through the centre of the shell. This restraint prevents translation of the model in
the y direction. This set of restraints prevents translation in all three directions while allowing the model to
displace realistically.
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Pressure Yalue (psi);
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A
Internal Pressure

100 psi is applied to all internal surfaces in the model. This is the pressure differential between the 25 psi and
125 psi cyclic pressure range.

Pressure Yalue [psi).

L

Internal Pressure - Rotated View
The vessel is rotated to show the 100 psi pressure applied to the internal faces.




FEA Exit Pressure Force ver4.0

Inputs:

| 3| No - number of openings
100 P ppsiy - pressure

Open
Opening Description ID fin) Factor P (in] A ling] F )
8" 150# 8.062 0.250 100.000 | 51.041 |1276.032
6" 150# 6.135 0.250 100.000 | 29.561 | 739.025
4" 150# 4.085 0.500 100.000 [ 13.108 | 655.386
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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)

6" 150#
4" 150#

8" 150#

‘j\% Fig-10
I
Exit Pressure Force

Exit pressure forces are applied to the three nozzles. These loads are applied to all openings without blind
covers to simulate the exit pressure force that is generated in a closed loop system. This force is the product of
the pressure and the opening's cross sectional area at the inside diameter.
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Options
(@) Reaction force

bl
»

Remote load interface force

() Free body force

X Area =677.28 in?2

Contact/Friction force

Selection
|

3 [Englsh @p3) -

@

bl

oaaf

m

[ Z Area =767.13in"2 L
PT—

Reaction force (Ibf)

bl

Component | Selection |Entire Model
Sum X: 0. o776
Sum ¥: 0. -28937
Sum Z: 0. 75712
Resultant: 0. 1.0634E+005 ) Y Area = 289.38 inA2
M z‘i‘% Fig-11
Reaction Moment (Ibf-in) ¥ |

Global Reaction Forces
View showing Global Reaction Forces from analysis 'X' = -67726 Ib, "Y' =-28937 |b, 'Z2' = 76712 Ib
Calculated Reaction Forces = Analysis Reaction Forces within 0%
Model is balanced, results are valid.

100 P psi - Pressure

X AXIis: reaction forces on the YZ plane caused by loads in the X direction
677.283 XArea jinz] - Pressurized area on YZ plane
0.0 XForce s - Added force in the X direction
-67726.000 XReaction s - Reaction force in X direction reported by FEA program
TReactionX ps) = XArea*P+XForce Theoretical X reaction force 677.283*100+0 =

Y AXis: reaction forces on the XZ plane caused by loads in the Y direction
289.383 YArea jinz - Pressurized area on XZ plane
0.0 YForce ms] - Added force in the Y direction
-28937.000 YReaction s - Reaction force in Y direction reported by FEA program
TReactionY s} = YArea*P+YForce  Theoretical Y reaction force 289.383*100+0 =

Z AXis: reaction forces on the XY plane caused by loads in the Z direction
767.129 ZArea jinz - Pressurized area on XY plane

0.0 ZForce vs) - Added force in the Z direction

76712.000 ZReaction s - Reaction force in Z direction reported by FEA program

TReactionZ s = ZArea*P+ZForce Theoretical Z reaction force 767.129*100+0 = 76,713

Resultant of reaction forces in X, Y and Z:
TResultant bs) = sqrt(TReactionX"2+TReactionY*2+TReactionZ*2)  Theoretical resultant
SQRT(67728"2+28938"2+76713"2) =
Resultant ibs) = sqrt(XReaction"2+YReaction"2+ZReaction2)  Actual resultant
SQRT(-67726"2+-28937/2+76712"2) = 106,343

Error o = 100*(TResultant-Resultant)/Resultant 100*(106346-106343)/106343 = |0.0
CheckError = abs(Error)<2  Error should be less than 2% ABS(0)<2 = Acceptable
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Displacement Plot
The displacement plot with the original geometry superimposed. Results are magnified 100 times to exaggerate
the displaced shape. The maximum displacement in the model is 0.037".
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Fig-13
Displacement Plot - Normal to XY Plane

The displacement plot is oriented normal to the XY plane. The vessel expands radially and elongate axially. The
displaced shape of the model is as expected and the magnitude is acceptable.
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Fig-14

von Mises Stress Plot
The von Mises stress profile based on the alternating pressure is displayed.
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tﬁ? Fig-15
von Mises Stress Plot - Rotated

The vessel is rotated to show the stress profile on the inside of the vessel. The maximum stress in the model is
33,381 psi and occurs at the knuckle region of the flanged and dished head.




Section - Head Knuckle vers.o

Summary:

Page 14 of 43

This section covers the 6" nozzle at the centre of the flanged and dished head. The permissible number of
cycles is calculated for each of the areas below.

Results:
Permissible
Location # Location Method Stress Kf [Kek Se Number of Cycles
1| Head Knuckle Linearization 30,877 1.01] 1.0 15,954 233,206
2| Head to Shell Linearization 9,526 25| 1.0 12,305 1,355,977
Maximum permissible number of cycles 233,206

Kf = 2.5 for full pen welds with visual inspection only and no volumetric examination. (See table VIII-2 5.11 &

5.12)
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van Mizes (psi)
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Stress Plot - Knuckle and Head to Shell Region
The knuckle and head to shell show stresses that require linearization to determine peak effect for cycle
calculation.

von Mizes (psi)
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Location 2 -
Head to Shell

Fig-17
Stress Plot - Knuckle and Head to Shell Region

A close up of the above image showing the stress classification locations for cycle calculation.
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Stress Classification Line - Location 1

A stress classification line is taken through the knuckle region of the flanged and dished head. The stress

|
linearization results are applied to a fatigue curve on the following page.

von Mises with all Components

40,000

Sn
St

30,000
Sh

20,000
— c— —\\—— — Tnt
10,000 S Tnh

a =~ —
m 0 T T T T
e /0N Mises
0.00 0.05 0.10 0.15 0 0.25
-10,000 —_— —pm
e = Pm+Pb
-20,000 R
-30,000
Distanceitoj
Stress Check:
| Local| Stress Classification
SA-516 70 Material
Allowed Actual Check
Plpsi =[ 30,000 | 16,717 |Acceptable
Pb fpsi) = 20,096 5 nodes found on the stress classification line
Pl+Pb+Qpsi =| 71,400 | 30,877 |Acceptable 0.2782 units long - cubic spline interpolated to 71

Peak [psi = 31,772 equally spaced nodes.
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Cycle life location 1 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

30,877 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (PI+Pb+Q+F)
1.00 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 30877/65800-1) = -0.062
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(30877<65800,1,IF(30877>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (1*1*30877)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 15438*MAX(30000000/29030000,1) = 15,954

Cycles = From Table3.F.1

Stress vs. Cycles

1,000,000

100,000

10,000

Equivalent Alternating Stress (psi)

1,000 T T T T T T T T T T
o o o ™ <t To) © ™~ o) o o —
=) =) o o o =) o (=) o S = -
P s ¥ ¥ P s ¥ ¥ P s + +
L ] L L L ] L L L ] L L
[S) [S) o o [S) [S) o o [S) [S) [S) o
— — — — — — — — — — — —

Permissible Number of Cycles
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von Mises (psi)
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Fig-19
Stress Classification Line - Location 2

A stress classification line is taken through the junction between the shell and the flanged and dished
head. The stress linearization results are applied to a fatigue curve on the following page.

von Mises with all Components

12,000.0
Sn
10,000.0 St
8,000.0 sh
6,000.0 Tnt
Tnh
Tth

e /0N Mises

0.15 0.20 0.25

—— =Pm
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Distanceito]j

Stress Check:
| Local| Stress Classification
SA-516 70 Material
Allowed Actual Check
Plpsi =[ 30,000 | 3,952 |Acceptable
Pb s = 6,470 5 nodes found on the stress classification line 0.25
Pl+Pb+Qpsi=| 71,400 | 9,526 |Acceptable units long - cubic spline interpolated to 71 equally
Peak [psi = 9,256 spaced nodes.
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Cycle life location 2 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

9,526 ASpk psi - Range of primary plus secondary plus peak equivalent stress (PI+Pb+Q+F)

2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 9526/65800-1) = -0.710
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(9526<65800,1,IF(9526>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*9526)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 11907*MAX(30000000/29030000,1) = 12,305

Cycles = From Table3.F.1

Stress vs. Cycles

1,000,000

100,000

10,000

Equivalent Alternating Stress (psi)
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Permissible Number of Cycles



Section - 6" Nozzle vers.o Page 20 of 43

Summary:

This section covers the 6" nozzle at the centre of the flanged and dished head. The permissible number of
cycles is calculated for each of the areas below.

Results:
Permissible
Location # Location Method Stress Kf [Kek Se Number of Cycles
3| Nozzle Weld Toe | Linearization 7,651 251 1.0 9,883 103,425,376
4| Head Weld Toe Linearization 12,565 25| 1.0 16,232 215,553
5 Nozzle ID Linearization 13,964 1.0] 1.0 7,215 56,175,593,403
Maximum permissible number of cycles 215,553

Kf = 2.5 for full pen welds with visual inspection only and no volumetric examination. (See table VIII-2 5.11 &
5.12)
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von Mizes (psi)
33,381
30,043
26,706
. 23,369
20,032

16,694

Location 4 - 13,357

Weld at the
Flanged and
Dished Head

Location 3 -
Weld at 6" nozzle

10,020
£ 83
3,345

g

Stress Plot - 6" Nozzle
The von Mises stress profile where the 6" nozzle meets the flanged and dished head. Stress classification lines
are taken at the weld both through the junction with the nozzle and the flanged and dished head.

vion Mises (psi)
33,351

30,043

26,708
. 23,369
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B 63

3,345

Stress Plot - 6" Nozzle Inside Corner
The von Mises stress profile at the inside corner of the nozzle. A peak stress occurs at this section due to the
discontinuity. The peak stress at this location is used to compute the cycle life.
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von Mises (psi)
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Stress Classification Line - Location 3
A stress classification line is taken through the 6" nozzle at the weld. The stress linearization results are

applied to a fatigue curve on the following page.

von Mises with all Components

10,000.0
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-2,000.0

Distanceito]j

Stress Check:
| Local| Stress Classification
SA-106 B Material
Allowed Actual Check
Plpsi =[ 25,650 | 7,339 |Acceptable
Pb fpsi) = 1,551 5 nodes found on the stress classification line 0.245

Pl+Pb+Qpsi=| 65,800 | 7,651 |Acceptable units long - cubic spline interpolated to 71 equally
Peak [psi = 7,704 spaced nodes.
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Cycle life location 3 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

7,651 ASpk psi - Range of primary plus secondary plus peak equivalent stress (PI+Pb+Q+F)

2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 7651/65800-1) = -0.767
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(7651<65800,1,IF(7651>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*7651)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 9563*MAX(30000000/29030000,1) = 9,883

Cycles = From Table3.F.1

Stress vs. Cycles
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Equivalent Alternating Stress (psi)
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won Mises (psi)
33,381
I 30,043
26,706
_ 23,389

20,032
l 16,694

. 13,357

10,020
SCL - Location 4 6,653

3,345

g

Fig-23

Stress Classification Line - Location 4
A stress classification line is taken through the head at the 6" nozzle weld. The stress linearization results
are applied to a fatigue curve on the following page.

von Mises with all Components

16,000
Sn
14,000 .
12,000 Sh
10,000 Tnt
g 5000 Tnh
(]
£ 6,000 Tth
4,000 0N Mises
2,000 —_— —pPm
0 - - - e = Pm+Pb
-4,000

Distanceitoj

Stress Check:
| Local| Stress Classification
SA-516 70 Material
Allowed Actual Check
Plpsi =[ 30,000 | 10,487 |Acceptable
PDb [psi = 5,606
Pl+Pb+Qpsi =| 71,400 | 12,565 |Acceptable
Peak [psi = 12,761

5 nodes found on the stress classification line
0.2784 units long - cubic spline interpolated to 71
equally spaced nodes.
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Cycle life location 4 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

12,565 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 12565/65800-1) = -0.618
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(12565<65800,1,IF(12565>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*12565)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 15707*MAX(30000000/29030000,1) = 16,232

Cycles = From Table3.F.1

Stress vs. Cycles
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Error

50
40

.35

Location 5
Stress has converged at
this location

Error Plot - 6" Nozzle
The error plot at the inside corner of the 6" nozzle is capped at 5%. This shows that the stress has fully
converged at this location and that it is acceptable to take a direct reading from the model.

van Mizes (psi)
33,381
30,043

26,706
Mode: 161 6ES
W, I Location: [ 2.26,37.5,-2.17 in . 23369
“alue: 13964 psi

20,032
16,594
. 13,357
10,020

6,683

Direct Stress Reading
The stress on the inside corner of the 6" nozzle is directly read from the model. The maximum stress at this
location is 13,964 psi. Since this stress occurs on the base metal and not on a weld, a Kf value of 1.0 will be
used in the cycle life calculation.
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Cycle life location 5 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: Vvii-2,5.5.3

13,964 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
1.00 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 13964/65800-1) = -0.576
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(13964<65800,1,IF(13964>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (1*1*13964)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 6982*MAX(30000000/29030000,1) = 7,215

Cycles = From Table3.F.1

Stress vs. Cycles
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Summary:

This section covers the 4" hillside nozzle in the flanged and dished head. The permissible number of cycles is
calculated for each of the areas below.

Results:
Permissible
Location # Location Method Stress Kf [Kek Se Number of Cycles
6| Nozzle Weld Toe | Linearization 18,600 25| 1.0 24,027 43,727
7] Head Weld Toe Linearization 18,406 25| 1.0 23,776 45,155
8 Nozzle ID Linearization 13,738 1.0] 1.0 7,099 76,639,153,153
Maximum permissible number of cycles 43,727

Kf = 2.5 for full pen welds with visual inspection only and no volumetric examination. (See table VIII-2 5.11 &
5.12)



Stress Page 29 of 43

von Mizes [psi)
33,351
30,043
26,706
_ 23369

20,032

16,594

Location 6 - Weld
at the 4" Nozzle

. 13357
10,020
6583

3,345

g

Location 7 - Weld
at the Flanged and
Dished Head

Stress Plot - 4" Nozzle
The von Mises stress profile where the 4" nozzle meets the flanged and dished head. Stress classification lines
are taken at the weld both through the junction with the nozzle and the flanged and dished head. Since this is
not a radial nozzle, the stresses are not evenly distributed and are higher on the right hand side, closest to the
knuckle. Stresses in this area will be used for the cycle life calculation.

von Mizes (psi)
33,381
30,043
26,706
. 23,369
20,032
16,694
. 13,387
10,020
6,683
3345

8

Location 8 - Peak
stress at the
Nozzle Inside

Corner
Fig-27

Stress Plot - 4" Nozzle Inside Corner
The von Mises stress profile at the inside corner of the nozzle. A peak stress occurs at this section due to the
discontinuity. The peak stress at this location is used to compute the cycle life.
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wan Mizes (psi)
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SCL - Location 6
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Stress Classification Line - Location 6
A stress classification line is taken through the 4" nozzle weld. The stress linearization results are applied

to a fatigue curve on the following page.

von Mises with all Components
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Distanceitoj

Stress Check:
| Local| Stress Classification
SA-106 B Material
Allowed Actual Check
Plpsi =[ 25,650 | 9,117 |Acceptable
Pb fpsi) = 14,778 5 nodes found on the stress classification line 0.207

Pl+Pb+Qpsi =| 65,800 | 18,600 |Acceptable units long - cubic spline interpolated to 71 equally
Peak [psi = 17,697 spaced nodes.
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Cycle life location 6 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

18,600 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 18600/65800-1) = -0.435
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(18600<65800,1,IF(18600>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*18600)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 23250*MAX(30000000/29030000,1) = 24,027

Cycles = From Table3.F.1

Stress vs. Cycles
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von Mizes (psi)
33,381
30,043
26,706
. 23369
20,032
16,694

13,357

10,020

SCL - Location 7

6583

3,345

Stress Classification Line - Location 7
A stress classification line is taken through the flanged and dished head at the 4" nozzle weld. The stress
linearization results are applied to a fatigue curve on the following page.

von Mises with all Components

Sn
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Tnt
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"
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10,000 — = Pm+Pb
15,000 === = Peak
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Distanceitoj

Stress Check:
| Local| Stress Classification
SA-516 70 Material
Allowed Actual Check
Plpsi =[ 30,000 | 4,406 |Acceptable

PDb [psi = 17,153
Pl+Pb+Qpsi =| 71,400 | 18,406 |Acceptable
Peak [psi = 22,166

5 nodes found on the stress classification line
0.2782 units long - cubic spline interpolated to 71
equally spaced nodes.
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Cycle life location 7 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

18,406 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 18406/65800-1) = -0.441
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(18406<65800,1,IF(18406>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*18406)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 23008*MAX(30000000/29030000,1) = 23,776

Cycles = From Table3.F.1

Stress vs. Cycles
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Error
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145

Location 8
Stress has converged at
this location

Error Plot - 4" Nozzle
The error plot at the inside corner of the 4" nozzle is capped at 5%. This shows that the stress has fully
converged at this location and that it is acceptable to take a direct reading from the model.

won Mizes (psi)
33,381
30,043
26,706
. 237369

20,0352

Made: 445825 16,694
X, E Location: |11.7 36 -2.0210n
allig: 13,735 psi | 13357

10,020
£, a3
3,345

g

Direct Stress Reading
The stress on the inside corner of the 4" nozzle is directly read from the model. The maximum stress at this
location is 13,738 psi. Since this stress occurs on the base metal and not on a weld, a Kf value of 1.0 will be
used in the cycle life calculation.
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Cycle life location 8 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,55.3

13,738 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
1.00 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 13738/65800-1) = -0.582
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(13738<65800,1,IF(13738>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (1*1*13738)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 6869*MAX(30000000/29030000,1) = 7,099

Cycles = From Table3.F.1

Stress vs. Cycles
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Section - 8" Nozzle vers.o

Summary:

Page 36 of 43

This section covers the 8" nozzle in the shell. The permissible number of cycles is calculated for each of the

areas below.
Results:
Permissible
Location # Location Method Stress Kf [Kek Se Number of Cycles
9| Shell Weld Toe Extrapolation 19,059 251 1.0 24,620 40,573
10] Nozzle Weld Toe | Direct Reading 11,075 25| 1.0 14,306 383,645
11 Nozzle ID Direct Reading 20,398 1.0 1.0 10,540 28,356,319
Maximum permissible number of cycles 40,573

Kf = 2.5 for full pen welds with visual inspection only and no volumetric examination. (See table VIII-2 5.11 &

5.12)
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von Mises (psi)
33,381

30,043
Location 9 - Weld
at the Shell

26,706
. 23,369

20,052

16,594
. 13,387
10,020
£ 683

3,345

g
Location 10 - Weld
at 8" Nozzle

Fig-32
Stress Plot - 8" Nozzle

The von Mises stress profile where the 8" nozzle meets the shell. Stress classification lines are taken at the
weld both through the junction with the nozzle and the shell.

von Mizes (psi)
33,38

30,043

26 708
_ 23,369

20,032

16 504
13,357
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G 633

Location 11 - Peak 3345
stress at the
Nozzle Inside

Corner

g

u Fig-33
Stress Plot - 8" Nozzle Inside Corner

The von Mises stress profile at the inside corner of the nozzle. A peak stress occurs at this section due to the
discontinuity. The peak stress at this location is used to compute the cycle life.
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Error
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extrapolated at the [ 20

weld. /

Error Plot - 8" Nozzle Weld

The error plot at the 8" nozzle fillet weld attaching to the shell is capped at 5%. This shows that the stress has
not fully converged at this location and therefore the stress data will be read along the surface leading up to the

weld and then extrapolated.

25000

20000

15000

10000

von Mises Stress (psi)

5000

Acceptable data range ends
here. A trendline is added and
forcast back to the weld

location.

y =-397.05x3 + 8648x2 - 64565x + 171701

Distance (in)

Extrapolated Stress

The stress at the weld toe attaching to the shell is extrapolated. The extrapolated stress at this location is
19,059 psi. Since this stress occurs on a fillet weld, a Kf value of 2.5 will be used in the cycle life calculation. A
third order polynomial curve fit is used to extrapolate the data.
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Cycle life location 9 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

19,059 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 19059/65800-1) = -0.421
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(19059<65800,1,IF(19059>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1¥19059)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 23824*MAX(30000000/29030000,1) = 24,620

Cycles = From Table3.F.1

Stress vs. Cycles
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Error

2.0

I 45

4.0

.35

30

l 25

Location 10 .0
Stress has |

converged at this

location

Error Plot - 8" Nozzle Weld
The error plot at the fillet weld attaching to the 8" nozzle is capped at 5%. This shows that the stress has fully
converged at this location and that it is acceptable to take a direct reading from the model.
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Direct Stress Reading
The stress on the weld fillet attaching to the 8" nozzle is directly read from the model. The maximum stress at
this location is 11,075 psi. Since this stress occurs on a fillet weld, a Kf value of 2.5 will be used in the cycle life
calculation.
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Cycle life location 10 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

11,075 ASpk ppsi - Range of primary plus secondary plus peak equivalent stress (Pl+Pb+Q+F)
2.50 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 11075/65800-1) = -0.663
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(11075<65800,1,IF(11075>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (2.5*1*11075)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 13844*MAX(30000000/29030000,1) = 14,306

Cycles = From Table3.F.1

Stress vs. Cycles
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Error

5.0
4.0

.35

Location 11
Stress has
converged at this
location

Fig-37
Error Plot - 8" Nozzle

The error plot at the inside corner of the 8" nozzle is capped at 5%. This shows that the stress has fully
converged at this location and that it is acceptable to take a direct reading from the model.
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Fig-38

Direct Stress Reading
The stress on the inside corner of the 8" nozzle is directly read from the model. The maximum stress at this
location is 20,398 psi. Since this stress occurs on the base metal and not on a weld, a Kf value of 1.0 will be
used in the cycle life calculation.
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Cycle life location 11 Description

Cycle Graph:
[ Table3.F.1| Graph

Carbon, Low Alloy, Series 4xx, and High Tensile Strength Steels for temperatures not exceeding 700°F
UTS<= 80ksi

Cyclic Data: viil-2,5.5.3

20,398 ASpk [psi - Range of primary plus secondary plus peak equivalent stress (PI+Pb+Q+F)
1.00 Kf - fatigue strength reduction factor (Table 5.11 & 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)

17,100 S ppsi - material allowable

32,900 Sy ppsi - material yield strength
150 Tav rr - average cycle temperature

29,030,000 Et psi - modulus of elasticity at Tav

Fatigue Penalty Factor: 5.31,5.32, 5.33

SPps st = max(3*S,2*Sy) MAX(3*17100,2*32900) = 65,800
Kekl =1 1= 1
Kek2 = 1 + (1-n)/(n*(m-1)) * ( ASpk/Sps-1)

1+ (1-0.2)/(0.2*(3-1)) * ( 20398/65800-1) = -0.380
Kek3 = 1/n 1/0.2 = 5
Kek = If(ASpk<Sps,Kek1,If(ASpk>=m*Sps,Kek3,Kek2))
IF(20398<65800,1,IF(20398>=3*65800,5,12)) = 1
Permissible Cycle Life: vii-2,5.5.3.2
Saltk = (Kf*Kek*ASpk)/2 (1*1*20398)/2 =

Efc psi = From Table3.F.1 30,000,000
Se psi = Saltk*Max(Efc/Et,1) 10199*MAX(30000000/29030000,1) = 10,540

Cycles = From Table3.F.1

Stress vs. Cycles
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