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Executive Summary ver4.00 Page 3 of 20

Project Information:

Sample Job #22]Customer
Flange Analysis]Vessel / Component(s)
123-456-ABCJPart Number
PVE-3429 Rev.0jJob
SolidWorks CosmosWorks 2008JFEA Program Used
21-May-2009]Date

Max Pressure (psi) @Temperature (F) . .
Maximum Allowed Working Pressure
300 200 9
Max Operating Temp (F) @ Pressure (psi) . .
Maximum Design Metal Temperature
200 300 9 P

Goal:

The flange, PVE-3429, will be used under ASME VIII-1 service. This flange cannot be calculated to
ASME VIII-1 code rules due to the complexity of its geometry. The rules of VIII-2 are used with VIII-1
allowed stresses to determine the acceptability of the flange.

Summary Conclusions:

Materials
Material strength properties used in this report are obtained from ASME IID, Table 1A and Table 3.
Stress classification limits are calculated to VIII-2 rules using ASME IID allowables for VIII-1. Properties
are shown for the SA-105 carbon steel flange and the SA-197 B7 bolts.

Model Information
The model used in this report represents 1/4 of the flange. A 2nd order, tetrahedral solid mesh has
been refined to 0.25" to reduce the reported error to less than 5% for general areas.

Restraints & Loads
All cut plane surfaces are restrained using symmetry. Bolts are simulated using the COSMOS connector
utility. These bolts hold the flange in the seated position. Flange loads are calculated and applied to the
effective gasket area. The flange is internally pressurized to 300 psi. The model is restrained in all
directions and rigid body motion is prevented.

Results
Through the FEA we found a 0.0014" maximum displacement. All general membrane stresses are
below the 20,000 psi general allowable. All local membrane stresses have been proven acceptable after
linearization. All stresses are below their respective membrane allowables. The flange design is
acceptable.

Analysis Conclusion:

The flange meets ASME VIII-2 design rules using VIII-1 allowed stresses. The flange design is
acceptable.
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Material Stress Limits ver 4.00 ASME viil-2 Fig 4-130.1 Page 4 of 20

Material:
SA-105 Material

Flange Application

Strength Properties:
ASME VIII-IID, 2007 Table 1A Source of strength properties

200 T pr temperature

20,000 Sm ppsi basic allowable stress at temperature T

Sy s yield stress at temperature T (optional)

1.0 k- stress intensity k factor

1.00 E1 g - weld efficiency factor

1.00 E2 g - casting efficiency factor

FEA Properties:
ASME VIII-IID, 2007 Table 1A Source of FEA properties

28,800,000 E [psi - modulus of elasticity (at temperature)

0.31 v - Poison's ratio

Stress Limits:
Pm = k*E1*E2*Sm general primary membrane stress intensity limit

1*1*1*20000 = |20,000
1.5*1*1*1*20000 = | 30,000

Pl+Pb = 1.5*k*E1*E2*Sm  primary membrane + primary bending stress intensity limit
1.5*1*1*1*20000 = [30,000

PI+Pb+Q = Max(3*E1*E2*Sm,2*E1*E2*Sy) primary + secondary stress intensity

MAX(3*1*1*20000,2*1*1*0) = |60,000

Pl = 1.5*k*E1*E2*Sm local membrane stress intensity limit

PI+Pb+Q+F = Use fatigue curves peak siress intensity limit

Comments:

(1) Sy material property is not required, more conservative Pl+Pb+Q limits might be computed without it.
(2) Refer to VIII-2 Table AD-150.1 for k values

(3) The thermal expansion coeficient is only required for studies including thermal stresses

(4) Refer to VIII-2 App 4-130 and following for the Pm, PI, Q and F stress limits

(5) Refer to VIII-2 App 4-130 Table 4-120.1 for the correct application of the calculated stress limits

(6) Use IID tables 2A and 2B for Sm for VIII-2 studies

(7) Use IID tables 1A and 2A for Sm values (S) for VIII-1 studies

(8) Use B31.1 Table A for Sm values for B31.1 studies

(©)

9) Use B31.3 Table A for Sm values for B31.3 studies
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Material:
SA-193 B7 Material

Flange Bolts Application

Strength Properties:
ASME VIII-IID, 2007 Table 3 Source of strength properties

200 T pr temperature

25,000 Sm ppsi basic allowable stress at temperature T

FEA Properties:
ASME VIII-IID, 2007 Table 3 Source of FEA properties

29,000,000 E [psi - modulus of elasticity (at temperature)

0.30 v - Poison's ratio

Service Stress Limits for Seating + Operating Loads: 4-140
Pm = 2*Sm

2*25000 = 150,000
3*25000 = | 75,000

Pm+Pb = 3*Sm

PI+Pb+Q+F = Use fatigue curves

Comments:

(1) The thermal expansion coeficient is only required for studies including thermal stresses
(2) Use IID table3 for Sm for VIII-2 studies

(3) Use IID table 3 for Sm values (S) for VIII-1 studies

(4) Use B31.1 Table A for Sm values for B31.1 studies

(5) Use B31.3 Table A for Sm values for B31.3 studies
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Model,
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4

A pipe cap is added
to create additional
pressure loads
typically generated
by closed circuit

piping.

1/4 Model

Fig-A A view of the flange as cut from the complete model. An 1/4 solid model was used to simplify the
analysis. The resulting stresses in the pipe cap will not be analyzed. This component is for setup purposes

only. Refer to drawing PVE-3429 for more details.

Model name Complex Flange

Study name: Study 1

Plot type: Static element stress Error

Error resulting
from the applied
gasket loads

4

This error is unaviodable, but
acceptable due to its local
confinement. Error

5.0
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Outside View [

Bolt Head
Discontinuity

Fig-B A view of the error plot capped at 5% with the mesh overlaid. A global mesh size of 0.25" was used
for the entire model. Error exceeding the 5% is located at bolt heads, areas of applied loads and areas of

discontinuity. The error is acceptable and the model may be used for results.
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Flange Loads <- Description
Dimensions and Conditions: t
10.000 <- B - ID, uncorroded
1.000 <- g1 - hub thickness }
0.000 <- Corr - corrosion allowance A
300.0 <- P, internal operating pressure
12.000 <- GOD - gasket OD 1 .
10.000 <- GID - gasket ID {
1.00 <- m - gasket factor C
200 <- gy - gasket factor y i
13.500 <- varC - bolt circle dia
0.750 <- BoltOD, bolt size }
20.0 <- Nbolt, number of bolts EOD
Material Properties: E gt
SA-193 B7 <- Bolting Material EID
25,000 <- Sb - allowable bolt stress at DESIGN temp f
25,000 <- Sha - allowable bolt stress at ASSEMBLY temp B
Calculated Dimensions:
gOne = g1 - corr =1-0 gOne = 1.000
B = B+2*corr =10+2*0 Corroded ID B = 10.000
varR = (varC-B)/2 - gOne =(13.5-10)/2 -1 varR = 0.750
varN = (GOD-GID)/2 = (12-10)/2 Gasket Width in Contact varN = 1.000
b0 = varN/2 =1/2 gasket seating width b0 = 0.500
varb = min(Sqrt(b0)/2,b0) = min(Sqrt(0.5)/2,0.5) eff seating width varb = 0.354
varG = max(GOD-2*varb,(GOD-GID)/2 + GID) gasket load reaction diameter varG = 11.293
= max(12-2*0.354,(12-10)/2 + 10)
Flange Loads (VIII App 2-5):
H = 0.785*varG"2*P =0.785*11.293"2*300 end load = 30,048
HP = 2*varb*3.14*varG*m*P = 2%0.354*3.14*11.293*1*300 contact load HP = 7,522
HD = pil4*B"2*P = pi/4 * 10°2 * 300 end load HD = 23,562
HT = H-HD = 30048 - 23562 face load HT = 6,486
Wml= H+HP =30048 + 7522 bolt load Wml= 37,571
Wm2 = pi*varb*varG*gy = pi*0.354*11.293*200 seatingload ~ Wm2 = 2,509
Am = max(Wm1/Sb, Wm2/Sba) = max(37571/25000, 2509/25000) req bolt area Am = 1.503
Ab = Root*Nbolt =0.31*20 3/4-10 UNC 2A Ab = 6.200
Total Bolt Loads - Ibs - (app 2-5):
W = (Am + Ab)*Sba/2 = (1.503 + 6.2)*25000/2 seating conditions W = 96,285
HG= Wml-H = 37571 - 30048 operating conditions HG = 7,522
Flange Moment Arms - inch - (Table App 2-6 - Integral flanges):
mhD = varR+0.5*gOne =0.75+0.5*1 end pressure mhD = 1.2500
mhT = (varR+gOne+mhG)/2 = (0.75+1+1.104)/2 face pressure mhT = 1.4268
mhG = (varC-varG)/2 =(13.5-11.293)/2 gasket load mhG = 1.1036
Mavg = (HT*mhT+(HG+W)*mhG)/(HT+HG+W) average gasket momentarm  Mavg = 1.1226
= (6486*1.427+(7522+96285)*1.104)/(6486+7522+96285)
Summary of Load Conditions
EOD = varC-2*Mavg+varb =13.5-2*1.123+0.354 eff gasket OD EOD = (11.6084
EID = varC-2*Mavg-varb =13.5-2*1.123-0.354 eff gasket ID EID = {10.9013
TG = HT+HG+W = 6486+7522+96285 total gasket load TG = (110,294
HD = HD flange end load HD = ]23,562

Apply TG to the gasket face surface between EOD and EID in the model
Omit end load HD if a closed pipe end is modeled and pressurized
TG and HD are for a complete 360 ° flange model. Reduce if symmetry is used.
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Cut Plane
Surfaces

Fig-A A view of the symmetry restraints applied to all cut plane surfaces. The symmetry restraint provides
results identical to that of a full model.

zc_f Flange Face

Fig-B A view of the COSMOS simulated bolts applied to the flange. These bolts hold the flange in the
seated position. The bolt connector numbers have been indicated to match results shown on the bolt
loadings and the bolt stresses page.
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Restraints and Loads ver4.06 Page 9 of 20

A

Fig-A A view of the 300 psi internal pressure applied to the inside surfaces.

TG Quarter Model
TG =110,294/4
=27,57351b

Mormal to Plane (b [27573.5

Split lines for
linearization see
results sections

Fig-B A view of the TG gasket load applied to the flange (value found on page 7). Refer to drawing PVE-

3429 for details on the effective gasket area.
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Reaction Area ver4.02 Page 10 of 20

Reaction Area

(@ NoEREn)

[ Print... ” Copy ][ Close ][ Options. .. ” Recalculate ]
Qutput coordinate system: | -- default -- -
Sketch1l

Selected items:

Show oukput coordinake system in corner of window
Section properties of Sketchl1 of Complex Flange ~
Area = 30,415 inches™2

Centroid relative to sketch origin: { inches 3

*=-1.602
¥ =1.615
Centroid relative ko part origin: { inches )
*=-1.602
¥ =1.615
Z=0,000
Moments of inertia of the area, at the centroid: ¢ inches ~ 4 )
Lyxx = 247,887 Lxy = 25,407
Ly = 25,407 Lyy = 31.124

Polar moment of inertia of the area, at the centroid = 279,011 inches -~ 4

Angle between principal axes and sketch axes = -83.403 degrees w

Fig-A A view normal to the XY plane.
Reaction Area = 30.415 in”2 (in the "Z" direction).
Expected Reaction Force = (30.415 in"2) * (300 psi) = 9124.5 Ib (in the "Z" direction)

*=1.602
¥ =1.615

Centroid relative to part origin: {inches )
*=0.,000
¥ =1.615
Z=-1.602

Moments of inertia of the area, at the centroid: ¢ inches ~ 4 )
Lxx = 279.011 Laxy = 0,000
Lyx = 0.000 Lyy =31.124

T Polar moment of inertia of the area, at the centroid = 279,011 inches -~ 4
. l Angle between principal axes and sketch axes = -90,000 degrees w

Reaction Area

i@ NoEEER|

[ Print... ” Copy ” Close ][ Options. .. ][ Recalculate ]
Output coordinate system: | - default - w
Sketchlz

Selected ikems:

Show output coordinate system in corner of window
Section properties of Sketch1Z2 of Complex Flange ~
Area = 30,415 inches™2

Centroid relative to sketch origin: { inches 3

Fig-B A view normal to the YZ plane.
Reaction Area = 30.415 in”2 (in the "X" direction).
Expected Reaction Force = (30.415 in*2) * (300 psi) = 9124.5 Ib (in the "X" direction)
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: [ =
3 o R
4 DOptions 3
5 (%) Reaction Force
6 () Remote load interface force
7 Free body farce
8 () Conkact{Friction force
9 Selection A
10 |@ | |
11 1V E] [engish ps) EREE
12 -
. | @
14 %
15
1
17 =
18 Reaction Force {Ib}) =
19 Component | Selection | Entire Model

Sum & a. 9530.1
20 Surn Y 0, -0.0026597 ==
21 Sumn Z: a. 9530.3

Resulkant: 0, 13475 b
22
23 v
24 View showing global reaction forces from analysis "X" = 9530.1 Ib, "Y" =-0.003 Ib, "Z" = 9530.3 Ib
25 Calculated Reaction Forces = Analysis Reaction Forces within 0.0%
26 Model is balanced, results are valid.
27 X AXiS: reaction forces on the YZ plane caused by loads in the X direction
28 30.42 XArea jinz - Pressurized area on YZ plane
29 300 P ppsi - Pressure
30 406 XForce s - Added force in the X direction (see next page)
a1 9,530.1 XReaction s - Reaction force in X direction reported by FEA program
32 TReactionX pps) = XArea*P+XForce Theoretical X reaction force 30.42*300+406 = |9,530

33

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

35 0.00 YArea (in2) - Pressurized area on XZ plane

36 0 YForce ms - Added force in the Y direction (see next page)

37 -0.003 YReaction s - Reaction force in Y direction reported by FEA program

33 TReactionY pps) = YArea*P+YForce Theoretical Y reaction force 0*300+0 = IC'

39

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

a 30.42 ZArea [inz - Pressurized area on XY plane

42 406 ZForce pibs - Added force in the Z direction (see next page)

43 9,530.3 ZReaction [vs) - Reaction force in Z direction reported by FEA program

44 TReactionZ vs) = ZArea*P+ZForce  Theoretical Z reaction force 30.42*300+406 =

45

46 Resultant of reaction forces in X, Y and Z:
47 TResultant is) = sgrt(TReactionX"2+TReactionY"2+TReactionZ"2)  Theoretical resultant

48 SQRT(9530"2+0"2+9530"2) = |13,478

49 Resultant ps) = sgrt(XReaction"2+YReaction"2+ZReaction®2)  Actual resultant
50 SQRT(9530.172+-0.003"2+9530.3"2) = |13,478
51 Error g = 100*(TResultant-Resultant)/Resultant 100*(13478-13478)/13478 = |0.0

52 CheckError = abs(Error)<2  Error should be less than 2% ABS(0)<2 = Acceptable
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Reaction Forces ver 4.08
Bolt Loadings:

Bolt shear force due
to radial expansion

Symmetry Line

Forces in Equilibrium

Bolt shear forces do not cancel each other out since only a section of the flange is modeled. This issue can
be corrected by adding the sum of the shear forces on each bolt to the calculated reaction forces. This must

Page 12 of 20

Symmetry Line

Forces not in Equilibrium

be completed for each shear force direction (x and z)

Type Comp X CompY CompZ Result Connector

127|Bolt Connector-3

6692.9|Bolt Connector-3

137.67|Bolt Connector-3

126.83|Bolt Connector-4

6692.5|Bolt Connector-4

137.54|Bolt Connector-4

127.08(Bolt Connector-5

6692.7|Bolt Connector-5

137.73|Bolt Connector-5

126.94|Bolt Connector-6

6693.1|Bolt Connector-6

137.61|Bolt Connector-6

126.97|Bolt Connector-7

6692.9|Bolt Connector-7

137.65|Bolt Connector-7

Shear Force (Ib) 89.79 0 89.81

Axial Force (Ib) 0| -6692.9 0
Bending moment (Ib-in) 97.352 0f -97.345
Shear Force (Ib) 112.94 0 57.694

Axial Force (Ib) 0| -6692.5 0
Bending moment (Ib-in) 62.521 0| -122.51
Shear Force (Ib) 125.51 0f 19.888

Axial Force (Ib) 0| -6692.7 0
Bending moment (Ib-in) 21.563 0| -136.04
Shear Force (Ib) 57.653 0 113.09

Axial Force (Ib) 0| -6693.1 0
Bending moment (Ib-in) 122.61 0| -62.478
Shear Force (Ib) 19.787 0 125.42

Axial Force (Ib) 0| -6692.9 0
Bending moment (Ib-in) 135.97 0] -21.469

Sum of Shear|  405.7| 0.0|

405.9|< Add force to the respective direction above

XForce YForce

The flange is modeled as being anchored to a large manifold block. As the flange radially expands the bolts
remain fixed in the manifold block. This expansion creates shear loads in the bolts. All y-direction reaction

ZForce

forces are contained in the bolt connectors as an axial force.

z

]
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Bolt Stress ver4.00 Page 13 of 20
Highest Stressed Bolt #5 Description

Inputs:
| UNC]| Bolt Type
3/4  Dia i Nominal Bolt Size (UNC)
25,000 Sm psii Allowable Bolt Stress
J:\3400-3499\PVE-3429 Complex Flange FEA\bolt data.csv File Location

Type X Y Z Resultant Connector
SF (Ib) 125.51 0.00 19.89 127.08 Shear Force
AF (Ib) 0.00 -6693 0.00 6692.70 Bolt Connector-5 |Axial Force
BM (Ib-in) 21.56 0.00 -136.04 137.73 Bend Moment
RDia i = PVELookup("BoltDia","Lookup","Root Dia",Dia) 0.627
HDia i = PVELookup("BoltDia","Lookup","AF",Dia) 1.125
A (im2) = (TT*RDia”2)/4 (3.142*0.62772)/4 = 0.309
C (in = RDia/2 0.627/2 = 0.314
| inng) = (TT*(RDia/2)M4)/4 (3.142*(0.627/2)"4)/4 = 0.007586
PL o = 0.9*Sm*A 0.9*25000*0.309 =
Shear Stress:
SSX psii = SFx/A 125.51/0.309 = 406
SSy psii = SFY/A 0/0.309= 0
SSz psi = SFz/A 19.89/0.309 = 64
Axial Stress:
SAX psi = AFX/A 0/0.309= 0
SAY psi = AFY/A -6692.7/0.309 = -21,676
SAZ psii = AFz/A 0/0.309= 0
Von Mises:

0 psii = SQRT(((SAX-SAY)"2+(SAy-SAZ)"2+(SAzZ-SAX) 2+6*(SSx"2+SSy"2+SS22))/2)
SQRT(((0--21676)"2+(-21676-0)"2+(0-0)"2+6*(406"2+0"2+64"2))/2) = | 21,688

Checko = 0<=2*Sm 21688<= 2*25000 = Acceptable
Bending Stress:
M fib-imp = 137.73 = 138
SB [psii = M*C/I 138*0.314/0.007586 = |5,691

PmPb psi = Max(abs(o+SB),abs(c-SB))

MAX(ABS(21688+5691),ABS(21688-5691)) = [27379

CheckPmPb = PmPb<= 3*Sm 27379<= 3*25000 = Acceptable

Bolt Stress

BOOOON
25000
i'- — — ;:::-::::-.:::::-.===II-IIPII-====__S-- — e — — II

20000

——— | B
il ===\lembrane

15000

Stress (psi)

10000

5000

0

1 2 3

Location
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Displacement ver 4.06 Page 14 of 20

Model name: Complex Flange

Study name: Study 1

Flot type: Static displacement Dizplacement
Deformation scale: 500

URES (in)
00015

I 00014
0.0012

. 0001
0.0009

0.0003

0.0008

Max: 0.0015

0.0005
0.0003
0.0002

0.0000

L

Fig-A A view of the displacement plot with superimposed original geometry. Results are magnified 500X.
The flange pulls away from the seating position.

Model name: Complex Flange

Shacly name: Stucy 1

Plot type: Static dizplacement Displacement]
Deformation scale: 500

Flange Displacement: 0.0014"

URES (in)

Flange Rotation

00013
00014
o.ooz
- 0001

0.0009

0.0008
0.0006
0.0005
0.0003
0.0002
0.0000
L.

Fig-B An alternate view of Fig-A showing flange rotation. Maximum flange face displacement is 0.0014".
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Stress ver4.06 Page 15 of 20

Model name: Complex Flange
Shudy name: Study 1
Flot type: Static nodal stress Membrane

Hub Transition

Intensity (psi)
20000
18000
16000

- 14000
12000
10000
000
G000
4000
2000

i}

Fig-A A view of the membrane stress plot (Intensity) capped at the general membrane allowable of 20,000
psi. Maximum stresses are at the hub transition. These areas are considered to be local and will be further
analyzed.

Model name: Complex Flange
Stucly name: Study 1
Plot type: Static nodal stress Membrane 2nd

Irtersity (psi)
30000
I 27000
24000
. 21000
18000
I 15000
12000
anao
B000

3000

i}

N

Stress must be
" linearized

Fig-B A view of the local membrane stress plot (Intensity) capped at the local membrane allowable of
30,000 psi. The stresses in excess of the local allowable require further analysis.




© ©® N o o » w N B

HOB A D OB A DA DN DR OW W W W oW oW W WWRNRNNDNRNNNNNDRNER B R R R R R e e
© ® N o a0 M W N P O © ® N O 00 &M ® N P O © ©® N o 0 B O N BRBP O © © N o o » ®W N P O

50
51
52

53
54
55
56
57

Stress Linearization ver2.34

Page 16 of 20

Model name: Comples: Flange
Stucy name: Study 1

Pot type: Static nodal stress Membrane 2nd

N

L.

Description: Flange hub stress linearization 1
Probe File: J:\3400-3499\PVE-3429 Complex Flange FEA\probe.csv
Stress File: J:\3400-3499\PVE-3429 Complex Flange FEA\stress data.csv

Intensity (psi)

30000

30,000

Tresca with all Components

25,000

20,000
15,000

10,000
5,000 -

Stress

0

Sn
St
Sh
Tnt
Tnh
Tth

0.p0

-5,000°

-10,000
-15,000

-20,000

Distanceii toj

e—Tresca
— =—Pm
- =—Pm+Pb
— ——Peak

Tresca with all Components Graph - settings

Allowable Stresses:
30,000 M - Membrane Allowable (Max Pm for global or PI for local stresses)

60,000 MB - Membrane+Bending Allowable (Max PI+Pb for Global or PI+Pb+Q for Local)

Actual Tresca Stresses:
Membrane

Bending

Membrane + Bending

Peak

6,107|Acceptable

12,700

18,522|Acceptable

26,535

13 nodes found on the stress classification line
1.2434 units long - cubic spline interpolated to 71

equally spaced nodes.
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Model name: Comples: Flange
Stucy name: Study 1
Pot type: Static nodal stress Membrane 2nd

N

L.

Description: Flange hub stress linearization 2

Intensity (psi)

30000

Probe File: J:\3400-3499\PVE-3429 Complex Flange FEA\probel.csv

Stress File: J:\3400-3499\PVE-3429 Complex Flange FEA\stress data.csv

25,000

Tresca with all Components

20,000

15,000

10,000

5,000

Stress

-10,000

-15,000

Distancei toj

Sn

St

Sh
Tnt
Tnh
Tth
e Tresca
= ==Pm
= ==Pm+Pb
= ==Peak

Tresca with all Components Graph - settings

Allowable Stresses:

30,000 M - Membrane Allowable (Max Pm for global or PI for local stresses)

60,000 MB - Membrane+Bending Allowable (Max PI+Pb for Global or PI+Pb+Q for Local)

Actual Tresca Stresses:
Membrane
Bending
Membrane + Bending
Peak

8,478

13,959

16,675

19,135

Acceptable

Acceptable

11 nodes found on the stress classification line

1.0625 units long - cubic spline interpolated to 71

equally spaced nodes.
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Model name: Comples: Flange
Stucy name: Study 1
Pot type: Static nodal stress Membrane 2nd

N

L.

Intensity (psi)

30000

Description: Flange hub stress linearization 3

Probe File: J:\3400-3499\PVE-3429 Complex Flange FEA\probe2.csv

Stress File: J:\3400-3499\PVE-3429 Complex Flange FEA\stress data.csv

30,000

Tresca with all Components

25,000 ,( ___________________
20,000

Sn
St
Sh
2 Tnt
(]
s Tnh
@ Tth
-5,00:
e Tresca
-10,000 — —pPm
-15,000 — =Pm+Pb
220,000 — —Peak
-25,000

Distanceii toj

Tresca with all Components Graph - settings

Allowable Stresses:

30,000 M - Membrane Allowable (Max Pm for global or PI for local stresses)

60,000 MB - Membrane+Bending Allowable (Max PI+Pb for Global or PI+Pb+Q for Local)

Actual Tresca Stresses:
Membrane
Bending
Membrane + Bending
Peak

3,237

9,835

11,442

24,398

Acceptable
9 nodes found on the stress classification line 1 units
Acceptable long - cubic spline interpolated to 71 equally spaced
nodes.
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Reference List:
Please refer to the following links for additional information;

Including reference components in an FEA to provide appropriate boundary and load conditions.
http://www.pveng.com/documents/content_80.pdf

The use and effects of 2nd order integration elements.
http://www.pveng.com/documents/content_151.pdf

Mesh Refinement Using the Error Function Results for Areas at Discontinuities.
http://www.pveng.com/documents/content_250.pdf

Mesh Refinement Using the Error Function Results for Areas near Discontinuities.
http://www.pveng.com/documents/content_251.pdf

Error Plots for Bolt Heads and Surface to Surface Contacts Areas.
http://www.pveng.com/documents/content_248.pdf

FEA Software Validation - A comparison to theoretical results.
http://www.pveng.com/documents/content 249.pdf

COSMOSWorks Validation Examples.
http://www.pveng.com/documents/content_247.pdf
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http://www.pveng.com/documents/content_151.pdf
http://www.pveng.com/documents/content_250.pdf
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http://www.pveng.com/documents/content_248.pdf
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| | 4 € | 14 . g 9 / w
—\ mo _\ I_INM—I—w _ wg— o F@ N LHOIIM .v F 3OS 31va Q3N0¥ddY HSINIJ
° 4,002® S01-YS
m N* ml m >m 31va A8 Q3NO3HO IVIHALYIN
60/02/€0 ALg
NOISIATY ON ONIMY¥A 3z1s 31va A8 NMVHA
62ve-aNd
R NOILO3rOdd I1ONY QuIHL
Bupesulbul |assaA ainssald
obue|d
Buuesulbul |9ssa ainssald 5000 % 2301d €
40 NOISSINYId NILLIMM FHL LNOHLIM ‘NSO ANY oo 33939¢
UL NIQILLINSNYSL 3O 'WILSAS TWAIINLIY V NI dIHOLS zoF 53d1d0

woo Buand@ojur wWoo BuaAd mmw/:dpy
0186-088-615 4 8086-088-61S 'd

901 AZN OUBJUO '00[I3JBM @ S)NS '2AUQ Ilepuey OZL : m >m
Buussulbul [9ssa ainssaid

'd30NA0¥d3Y 38 AV LININNOOA SIHL 40 LyVd ON

AdV131-4d0odd

ALIALLOY NOIS3d 3HL A8 ATIVOINOYLOFNI
Q3LVHOJYOONI 38 TIVHS SIONVHO
V.LvQA Q3NIVLNIVIN SYI0MPIOS

MOT38 NMOHS SV A1ddV STONV¥ITOL

¥661-WS' VLA INSY ¥3d
‘SIONVYITOL ANV SNOISNIWIQ LI¥JHILNI

S3HONI NI 33V SNOISNIWIQ

a314193dS ISIMYEIH.LO SSTTINN

SNOISINIYH

AAdV 31va NOILdI4OSs3a

N3d

V34 Ul pasn se [SpoN

dAl GC'Ld

V-V NOILO3S

009

oo._\\*

oG¥
062

qL

00}

al sbue|4
000L®

paoedg Ajjenb3
TV NYHL 82 @ X02C

00CL® “

dia Lo60L @
ao3 so9'LL®
aogosecLo

ao abuel
GZSLY




