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Introduction:

Summary Conclusions:

Materials

Model Information

Restraints & Loads

This spherical vessel is designed for use under ASME VIII-1 service.  The sphere and its supports are 

subject to IBC 2009 seismic and wind loads.  The support structure is analyzed by Finite Element 

Analysis.  The rules of VIII-2 are used with VIII-1 allowed stresses to determine the acceptability of the 

sphere and support structure under all load conditions.

Vessel material strength properties used in this report are obtained from ASME IID, Table 1A, and are 

suitable for VIII-1 components.  The rules of ASME VIII-2 are used to set the stress limits of the vessel 

materials.  Material properties are shown for SA-299 A and SA-516 70.  These ASME material strength 

limits change based on the load combination (see local case limits).

Additional structural materials  A252-2, G40.21-350W, and A-500 C have structural compression and 

tension limits calculated based on AISC "Specification for Structural Buildings Steel Buildings" 2005.  

These limits remain the same for all load combinations.

The general model used in this report for all analyses represents the full spherical vessel with supports.  

A global 10" to 12" curvature based mesh is used for the sphere and a 3" refinement is applied to the 

bracing and support to shell attachments. This second order, tetrahedral solid mesh reduces the 

reported error to less than 5% for general areas (see general error plots). 

The bottom of the leg supports are fixed to prevent rigid body motion.  This vessel is assumed to be 

mounted on a ring beam type foundation which will prevent differential leg settling.  Various pressure, 

seismic and wind combinations are applied to the model based on ASME VIII-2 load combinations.  The 

seismic and wind loads are calculated per IBC 2009 for San Diego California, USA (with wind load 

increased to 130 mph).  Further loading combination details can be found on the section dividers of this 

report. 

The following load cases will be included in this report:

   -Case 1 - Determination of Frequency and Period (P + Ps + D Horizontal) - Filled with Propane

   -Case 2 - ASME VIII-2 Table 5.3 Load Combination 1 (P + Ps  + D) - Filled with Propane

   -Case 3 - ASME VIII-2 Table 5.3 Load Combination 6a (0.9P + Ps + D + 0.7E) - Filled with Propane

   -Case 4 - ASME VIII-2 Table 5.3 Load Combination 6b  (0.9P + Ps + D + W) - Filled with Water

   -Case 5 - Additional Case Based on Experience (0.9Pt + Pst + D + 0.25W) - Filled with Water

   -Case 6 - Additional Uplife Check based on Experience (D + W) - Empty

D-Vessel Dead Weight,  P-Pressure,  Ps-Static Pressure,  E-Earthquake,  W-Wind,  De-Empty Vessel 

Dead Weight, Pt-Test Pressure, Pst-Static Test Pressure

Additional load cases exist in the ASME VIII-2 Table 5.3.  These load cases will produce lower loads 

than the ones studied here and are not included in this report.
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Results

Analysis Conclusion:

Through the Finite Element Analysis we found the displacements of each case to be as expected and 

the magnitude acceptable.  Stresses analyzed in each case met the criteria provided by ASME VIII-1/VIII-

2 and the IBC 2009 code.  Local vessel and upper stub stresses are below the respective ASME code 

allowables for each case and the structural elements are below the tension and compression limits.  

There is no column uplift in any of the load cases.

The spherical vessel is acceptable for IBC 2009 seismic and wind load combinations outlined in ASME 

VIII-2 Table 5.3.  All seismic factors are based on data for San Diego, California, USA, wind speed has 

been increased to 130 mph.

Case 3 - Seismic has the highest loads in this model and is analyzed in more depth than the other load 

cases.
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General Information Applicable to Multiple Load Cases

This section covers

Stress Limits for braces and legs

Model Dimensions

FEA Mesh Information (the same mesh is used for all runs)

Error Plots

Restraints
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2 Component
3 AISC "Specification for Structural Buildings Steel Buildings" 2005 

4 Material Inputs: 

5  Material

6 60,000  Fu [psi] - tensile strength at temp. 

7 35,000  Fy [psi] - yield strength at temp

8 28,800,000  E [psi] - modulus at temp

9 Source

10 Geometry Inputs: 

11 Circular Tube  Type

12 20.000  D [in] - outside diameter

13 19.000  d [in] - inside diameter

14 272.00  L [in] - length of brace

15 1.00  U - geometry efficiency

16 0.65  K - (16.1-23)

17 Tension Limit:  Chapter D

18 L1 [psi] = Fu*U/2 ~~ tension stress limit 1 60000*1/2 = 30,000       

19 L2 [psi] = Fy/1.67 ~~ tension stress limit 2 35000/1.67 = 20,958       

20 Ten [psi] = Min(L1,L2) ~~ tension limit MIN(30000,20958) = 20,958       

21 Bend [psi] = Ten*1.5~~bending stress limit (ASME VIII-1) 20958*1.5 = 31,437       

22 Compression Limit:  Chapter E

23 r [in] = SQRT(D^2+d^2)/4 ~~radius of gyration SQRT(20^2+19^2)/4 = 6.897         

24 Fe [psi] = π^2*E/(K*L/r)^2 3.1415927^2*28800000/(0.65*272/6.8965571)^2 = 432,506     

25 Fcr1 [psi] = (0.658^(Fy/Fe))*Fy ~~compression limit 1 (0.658^(35000/432506))*35000 = 33,834       

26 Fcr2 [psi] = 0.877*Fe ~~compression limit 2 0.877*432506 = 379,308     

27 Comp [psi] =

28 20,260       
29 U=1 - See Appendix 1

30 Drift Limits for Wind and Seismic:  ASCE 7 -2005 Table 12.12-1

31 481.80  H [in] - vessel height

32 0.020  DL - drift limit factor (table 12.12-1)

33 Max Drift [in] = H*DL~~maximum lateral drift 481.8*0.02 = 9.64           

Column - Calculated at 20"Dia for full height

A252-2

ASTM 252

If(Fe>=0.44*Fy,Fcr1,Fcr2)/1.67~~compression limit

IF(432506>=0.44*35000,33834,379308)/1.67 = 



1 General Moment of Inertia  ver 2.4 www.pveng.com Page 8 of 75

2 <- Vessel #######

3 <- Description

4

5

6

7

8

9

10

11

12

13

14

15

16

17 Item Width Depth X Y Area A*X A*X^2 A*Y A*Y^2 Io Depth Io Width

18 a 0.375 8.000 0.000 0.000 3.00 0.00 0.00 0.00 0.00 16.00 0.04

19 b 0.375 8.000 2.625 0.000 3.00 7.88 20.67 0.00 0.00 16.00 0.04

20 c 2.250 0.375 1.313 3.813 0.84 1.11 1.45 3.22 12.26 0.01 0.36

21 d 2.250 0.375 1.313 -3.813 0.84 1.11 1.45 -3.22 12.26 0.01 0.36

22 e 0.375 8.000 4.000 0.000 3.00 12.00 48.00 0.00 0.00 16.00 0.04

23 f 0.375 8.000 6.625 0.000 3.00 19.88 131.67 0.00 0.00 16.00 0.04

24 g 2.250 0.375 5.313 3.813 0.84 4.48 23.81 3.22 12.26 0.01 0.36

25 h 2.250 0.375 5.313 -3.813 0.84 4.48 23.81 -3.22 12.26 0.01 0.36

26 I

27 j

28 k

29 l

30 m

31 Sum 15.375 50.93 250.88 0.00 49.06 64.04 1.56

32 A AX AXtwo AY AYtwo IoD IoW

33

34 Axis X-X Properties
35 Centroid xx = AY/A = 0/15.375 Cxx = 0.000

36 CmaxXX = Max(MaxY-Cxx,Cxx-MinY) = Max(4-0,0--4) CmaxXX = 4.000

37 Ixx = AYtwo+IoD - Cxx*Ay = 49.056+64.04 - 0*0 Ixx = 113.096

38 rxx = sqrt(Ixx/A) = sqrt(113.096/15.375) rxx = 2.712

39

40 Axis Y-Y Properties
41 Centroid yy = AX/A = 50.93/15.375 Cyy = 3.313

42 CmaxYY = Max(MaxX-Cyy,Cyy-MinX) = Max(6.813-3.313,3.313--0.188) CmaxYY = 3.500

43 Iyy = AXtwo+IoW - Cyy*Ax = 250.876+1.564 - 3.313*50.93 Iyy = 83.736

44 ryy = sqrt(Iyy/A) = sqrt(83.736/15.375) ryy = 2.334

45

43 Axis Z-Z Properties (twisting)

44 Centroid zz = Max(MaxA,MaxB,MaxC,MaxD) Czz = 5.315

45 Izz = Ixx + Iyy = 113.096 + 83.736 Izz = 196.832

46 rzz = sqrt(Izz/A) = sqrt(196.832/15.375) rzz = 3.578
46

46 Use CmaxXX, CmaxYY and Czz for beam stress calculations

46
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2 Component
3 AISC "Specification for Structural Buildings Steel Buildings" 2005 

4 Material Inputs: 

5  Material

6 62,000  Fu [psi] - tensile strength at temp. 

7 50,000  Fy [psi] - yield strength at temp

8 28,800,000  E [psi] - modulus at temp

9 Source

10 Geometry Inputs: 

11 Other  Type

12 2.334  r [in] - least radius of gyration

13 368.00  L [in] - length of brace (knot to knot)

14 1.00  U - geometry efficiency

15 0.65  K - (16.1-23)

16 Tension Limit:  Chapter D

17 L1 [psi] = Fu*U/2 ~~ tension stress limit 1 62000*1/2 = 31,000       

18 L2 [psi] = Fy/1.67 ~~ tension stress limit 2 50000/1.67 = 29,940       

19 Ten [psi] = Min(L1,L2) ~~ tension limit MIN(31000,29940) = 29,940       

20 Compression Limit:  Chapter E

21 Fe [psi] = π^2*E/(K*L/r)^2 3.1415927^2*28800000/(0.65*368/2.334)^2 = 27,056       

22 Fcr1 [psi] = (0.658^(Fy/Fe))*Fy ~~compression limit 1 (0.658^(50000/27056))*50000 = 23,070       

23 Fcr2 [psi] = 0.877*Fe ~~compression limit 2 0.877*27056 = 23,728       

24 Comp [psi] =

25 13,815       
26 U=1 - See Appendix 1

27

28

29

30

Dual 8x3x3/8 Cross Brace

G40.21-350W or A-500 C

ASTM 500

Notes:  G40.21 350W(50W) - 65,000 psi tensile, 50,000 psi yield

A-500 C - 62,000 psi tensile, 50,000 psi yield

For this report the lower strength material option will be used to analyze the cross braces.

If(Fe>=0.44*Fy,Fcr1,Fcr2)/1.67~~compression limit

IF(27056>=0.44*50000,23070,23728)/1.67 = 
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Fig-A  An overall view of the model - See drawing 4225-0-0 for specific dimensions used.  A compled model 

of the vessel was used for the Finite Element Analysis.  The vessel is 60' inside diameter, varying 

thicknesses aproximating 1 1/2".

Fig-B  A view showing more details on the legs.  The shell material is SA-299 A carbon steel.  The leg and 

attachment material is SA-516 Gr 70.

9 legs 

Shell panels 
modelled as 

simplified rings 

Cross 
Bracing 

V plates are 
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to the equator 

18 Equator 
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Dual  8x3 tube 
reinforcing 
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transition 
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Fig-A  A bottom view of the vessel.  9 legs are used on a 600 inch pitch diameter.

Fig-B  A bottom view of the leg and bracing detail.  Leg to shell and Brace to V-Plate details can be seen.  

The dual rectangular reinforcing is visible.  Probe locations will be used to analyze leg and bracing 

compressive and tension loading.  Leg bottom shear keys and attachment bolt holes are not modelled.
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Fig-A  A view of the general curvature based mesh applied to model and used for all analyses.

A global mesh size of 10" to 12" is used.  The supports are refined to 3".

The mesh is solid, 2nd order and tetrahedral.

Fig-B  A close up of the mesh used for the spherical vessel analysis.  The mesh is auto generated in 

SolidWorks Simulation using the alternate curvature based mesher.

Coincident components are treated as "Bonded" and meshed as a single body as seen in Fig-A.

3" Refined 

10" - 12" 
Global 
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Fig-A  A leg attachment alternate view.

Fig-B  A close up of the leg bottoms.
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Fig-A  A view of the general error plot with the scale set to 5% error.

Areas of error greater than 5% are limited to locations of discontinuity.

The error results are acceptable and the mesh size is appropriate.

Fig-B  A close-up of the support attachment area.  The error plots are taken from load case 3 - the highest 

stressed case.

Note that error results in excess of 5% are limited to locations of discontinuity.

Discontinuity 
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Fig-A  A view of the fixed restraints applied to leg supports.  The sphere is assumed to be mounted on a 

ring beam type foundation where the legs cannot differentially settle.

Fig-B  A close-up of Fig-A.

The fixed restraint prevents translation and rotation in the X, Y & Z directions.  The model pads are fully 

restrained from rigid body motion in all directions.
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Load Case 1 - Calculation of Frequency and Period:

Loads

Reactions

Results

The frequency of vibration for the vessel is determined by applying the following loads:

- Internal Pressure

- Fluid weight in the horizontal direction (direction: positive "x")

- 1g horizontal acceleration (direction: positive "x")

The theoretical reaction forces closely match the actual reaction forces in all directions.  The model is in 

balance.

The maximum displacement in the vessel with 1g horizontal acceleration is 1.849".  The vessel vibration 

frequency is 2.680hz and the period is 0.373s using the vessel center displacement of 1.362 in. 

Stress results are not analyzed in this case as it is not an actual load case.  This case is only used to 

determine the period of vibration.
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2 Conditions:

3 Load Case

4 157.00  P [psi] -Pressure at top of vessel

5 0.58  sg [] - Fluid Specific gravity

6 Acceleration:

7 aH [g] = 1.0 1 = 1.000

8 aV [g] = 0.0 0 = 0.000

9 PressureTo Apply:

10 P1 [psi] = 1.00 ~~ basic pressure 1.00 = 1.000

11 Coef1 [psi] = P ~~ First input of nonuniform block 157 = 157.000

12 CoefX [psi/in] = sg*0.0361*aH ~~ horizontal static head 0.58*0.0361*1 = 0.020938

13 CoefY [psi/in] = -sg*0.0361*aV ~~ vertical static head + is up -0.58*0.0361*0 = 0.000000

Load Case 1
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Fig-A  A view of the non-uniform pressure applied to the sphere.  The non-uniform distribution increases 

pressure in the x direction simulating  a 1g horizontal acceleration on the fluid.  See previous page for 

calculation of coefficients.

Fig-B  A view of the 1g acceleration applied to the vessel components.  This load case is used only to 

determine the period of vibration.  It is not a structural load case.
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2 Fluid Inputs: 

3 0.58  SG  - specific gravity

4 360  r [in] - sphere radius

5 -1.000  aHf  - horizontal acceleration factor for fluid

6 0.000  aVf  - vertical acceleration factor for fluid

7 D [lb/in^3] = SG*1000*0.00003612729~~density 0.58*1000*0.00003612729 = 0.020954

8 V [in^3] = 4/3*π*r^3~~volume of fluid 4/3*3*360^3 = 195,432,196

9 Wx1 [lb] = D*V*aHf~~fluid x direction reaction 0.021*195432196*-1 = -4,095,053

10 Wy1 [lb] = D*V*aVf~~fluid y direction reaction 0.021*195432196*0 = 0

11 Vessel Inputs: 

12 721,444  VW [lb]  - vessel weight

13 -1.000  aHv  - horizontal acceleration factor for vessel

14 0.000  aVv  - vertical acceleration factor for vessel

15 Wx2 [lb] = VW*aHv~~vessel x direction reaction 721444*-1 = -721,444

16 Wy2 [lb] = VW*aVv~~vessel y direction reaction 721444*0 = 0

17 Total Reactions: 

18 Wx [lb] = Wx1+Wx2~~total x direction reaction -4095053+-721444 = -4,816,497

19 Wy [lb] = Wy1+Wy2~~total y direction reaction 0+0 = 0

20
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27 X Axis:  reaction forces on the YZ plane caused by loads in the X direction

28 0.00  XArea [in2] - Pressurized area on YZ plane

29 157  P [psi] - Pressure 

30 -4,816,497  XForce [lbs] - Added force in the X direction

31 -4,810,900.0  XReaction [lbs] - Reaction force in X direction reported by FEA program

32 TReactionX [lbs] = XArea*P+XForce ~~ Theoretical X reation force 0*157+-4816497 = -4,816,497
33

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

35 0  YArea [in2] - Pressurized area on XZ plane

36 0  YForce [lbs] - Added force in the Y direction

37 82.36  YReaction [lbs] - Reaction force in Y direction reported by FEA program

38 TReactionY [lbs] = YArea*P+YForce ~~ Theoretical Y reation force 0*157+0 = 0
39

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

41 0  ZArea [in2] - Pressurized area on XY plane

42 0  ZForce [lbs] - Added force in the Z direction

43 32.86  ZReaction [lbs] - Reaction force in Z direction reported by FEA program

44 TReactionZ [lbs] = ZArea*P+ZForce ~~ Theoretical Z reation force 0*157+0 = 0
45

46 Resultant of reaction forces in X, Y and Z:

47 TResultant [lbs] =

48 4,816,497

49 Resultant [lbs] =

50 4,810,900

51 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(4816497-4810900)/4810900 = 0.1

52 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(0.1)<2 = Acceptable

53

SQRT(-4810900^2+82^2+33^2) = 

View showing Global Reaction Forces from analysis.

Calculated Reaction Forces = Analysis Reaction Forces

The model is balanced.

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

SQRT(-4816497^2+0^2+0^2) = 

sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant
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2 Conditions:

3 Case

4 386.22  g [in/s^2] - acceleration applied horizontally (386.22 in/s^2 for earth normal)

5 1.362  Delta [in] - Measured deflection

6 Period of Vibration:
7 Period of vibration calculated from static deflection  (http://personal.cityu.edu.hk/~bsapplec/natural.htm)

8 Earth normal gravitation is 386.22 in/s^2  (http://en.wikipedia.org/wiki/Gravitation#Earth.27s_gravity)

9 This method works for systems that can be analyzed as a lumped mass on a spring

10 f [hz] = 1/(2*π)*sqrt(g/Delta) 1/(2*3)*SQRT(386.22/1.362) = 2.680

11 T [s] = 1/f 1/2.68 = 0.373
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Period of Vibration

Fig-B  The resulting displacement at the center of the vessel is 1.362 in.  This value is used to 

determine the period of vibration = 0.373 seconds.

Fig-A A 1g horizontal acceleration is applied to both the vessel and fluid.  The maximum resulting 

displacement in the x direction is 1.849 in.  Displacement is magnified 100x
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Load Case 2 - ASME VIII-2 Table 5.3 Load Combination 1 - Gravity + Pressure

Loads

Reactions

Results

VIII-2 Table 5.3 load combination 1 requires the following loads:

Combination: P + Ps + D,   k=1  (Vessel weight, full, no external Loads)

- Internal Pressure with static component

- 1g vertical acceleration (direction: negative "y")

The theoretical reaction forces closely match the actual reaction forces in all directions.  The model is in 

balance.

The displacements and stresses due to ASME VIII-2 load combination 1 are acceptable.  All stresses are 

below the respective allowables based on material and location.  The supports and local connected shell 

regions are acceptable for this load case.  The vertical column reaction forces are equal for each leg.  
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2 Material Input Chart: 

3 150  Temperatre [ºF]

4 1  k - stress intensity factor

5 Material 1 Material 2 Material 3 Material 4 Material 5

6 Material = SA-299 A SA-516 70

7 Application = Shell Stub

8 Sm [psi] = 21,400 20,000

9 Sy [psi] =

10 E1 = 1.0 1.0

11 E2 = 1.0 1.0

12 E [psi] = 28,800,000 28,800,000

13 v = 0.26 0.26

14 Therm. Coef = -
15

16 Pm [psi] = 21,400 20,000

17 Pl [psi] = 32,100 30,000

18 Pl+Pb [psi] = 32,100 30,000

19 Pl+Pb+Q [psi] = 64,200 60,000

20 Material 6 Material 7 Material 8 Bolting 9 Bolting 10

21 Material =

22 Application =

23 Sm [psi] =

24 Sy [psi] =

25 E1 =

26 E2 =

27 E [psi] =

28 v =

29 Therm. Coef =
30

31 Pm [psi] =

32 Pl [psi] =

33 Pl+Pb [psi] =

34 Pl+Pb+Q [psi] =

35 Prop. Sources 

36 Variable Descriptions:  VIII-2 5.13

37 Sm (basic allowable) E (modulus of elasticity) - IID Table TM-1

38 E1 (weld efficieny) v (Poison's ratio) - IID Table NF-1

39 E2 (casting efficiency) Coef (coefficient of thermal expansion)

40 Stress Limit Equations:  VIII-2 Figure 5.1

41 Pm = 

42 Pl = 

43 Pl+Pb = 

44 Pl+Pb+Q = 

45 Pl+Pb+Q+F = Use fatigue curves~~peak stress intensity limit

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

48 (2) Refer to VIII-2 4.4.2 for k (FS) values

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

50 (4) Refer to VIII-2 5.15 Figure 5.1 and following for the Pm, Pl, Q and F stress limits

51 (5) Refer to VIII-2 5.14 Table 5.6 for the correct application of the calculated stress limits

52 (6) Use IID tables 5A and 5B for Sm for VIII-2 studies

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

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

55 (9) Use B31.3 Table A for Sm values for B31.3 studies

ASME Section IID

k*E1*E2*Sm~~general primary membrane stress intensity limit

1.5*k*E1*E2*Sm~~local membrane stress intensity limit

1.5*k*E1*E2*Sm~~primary membrane + primary bending stress intensity limit

Max(3*E1*E2*Sm,2*E1*E2*Sy)~~primary + secondary stress intensity
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2 Conditions:

3 Load Case

0.455  T [s] - Period of vibration

157.00  P [psi] -Pressure at top of vessel

4 0.58  sg [] - Fluid Specific gravity

5 Acceleration:

6 aH [g] = 0.0 0 = 0.000

7 aV [g] = 1.0 1 = 1.000

8 PressureTo Apply:

9 P1 [psi] = 1.00 ~~ basic pressure 1.00 = 1.000

10 Coef1 [psi] = P ~~ First input of nonuniform block 157 = 157.000

11 CoefX [psi/in] = sg*0.0361*aH ~~ horizontal static head 0.58*0.0361*0 = 0.000000

12 CoefY [psi/in] = -sg*0.0361*aV ~~ vertical static head + is up -0.58*0.0361*1 = -0.020938

Load Case 2
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Fig-A  A view of non-uniform pressure applied to the sphere.  The non-uniform distribution increases 

pressure in the -y direction simulating  a 1g vertical acceleration on the fluid.  The internal pressure at the 

top is 112 psi.  See previous page for calculation of coefficients.

Fig-B  A view of the 1g acceleration applied to the vessel components.

Fluid 

Y 
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2 Fluid Inputs: 

3 0.58  SG  - specific gravity

4 360  r [in] - sphere radius

5 0.000  aHf  - horizontal acceleration factor for fluid

6 1.000  aVf  - vertical acceleration factor for fluid

7 π = pi() PI() = 3.141592654

8 D [lb/in^3] = SG*1000*0.00003612729~~density 0.58*1000*0.00003612729 = 0.0210

9 V [in^3] = 4/3*π*r^3~~volume of fluid 4/3*3*360^3 = 195,432,196

10 Wx1 [lb] = D*V*aHf~~fluid x direction reaction 0.021*195432196*0 = 0

11 Wy1 [lb] = D*V*aVf~~fluid y direction reaction 0.021*195432196*1 = 4,095,053

12 Vessel Inputs: 

13 721,444  VW  - vessel weight

14 0.000  aHv  - horizontal acceleration factor for vessel

15 1.000  aVv  - vertical acceleration factor for vessel

16 Wx2 [lb] = VW*aHv~~vessel x direction reaction 721444*0 = 0

17 Wy2 [lb] = VW*aVv~~vessel y direction reaction 721444*1 = 721,444

18 Total Reactions: 

19 Wx [lb] = Wx1+Wx2~~total x direction reaction 0+0 = 0

20 Wy [lb] = Wy1+Wy2~~total y direction reaction 4095053+721444 = 4,816,497

21

22
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24

25

26

27

28

29

30

31

x 

y 

Fluid 
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2

3

4

5

6

7

8

9

10

11
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13
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15
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17
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20

21

22

23

24

25

26

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

28 0.00  XArea [in2] - Pressurized area on YZ plane

29 157  P [psi] - Pressure 

30 0  XForce [lbs] - Added force in the X direction

31 -2.2  XReaction [lbs] - Reaction force in X direction reported by FEA program

32 TReactionX [lbs] = XArea*P+XForce ~~ Theoretical X reation force 0*157+0 = 0
33

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

35 0  YArea [in2] - Pressurized area on XZ plane

36 4,816,497  YForce [lbs] - Added force in the Y direction

37 4,814,100  YReaction [lbs] - Reaction force in Y direction reported by FEA program

38 TReactionY [lbs] = YArea*P+YForce ~~ Theoretical Y reation force 0*157+4816497 = 4,816,497
39

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

41 0  ZArea [in2] - Pressurized area on XY plane

42 0  ZForce [lbs] - Added force in the Z direction

43 30.02  ZReaction [lbs] - Reaction force in Z direction reported by FEA program

44 TReactionZ [lbs] = ZArea*P+ZForce ~~ Theoretical Z reation force 0*157+0 = 0
45

46 Resultant of reaction forces in X, Y and Z:

47 TResultant [lbs] =

48 4,816,497

49 Resultant [lbs] =

50 4,814,100

51 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(4816497-4814100)/4814100 = 0.0

52 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(0)<2 = Acceptable

53

SQRT(-2.2^2+4814100^2+30.02^2) = 

View showing Global Reaction Forces from analysis. 

Calculated Reaction Forces = Analysis Reaction Forces

The model is in balanced.

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

SQRT(0^2+4816497^2+0^2) = 

sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant
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Fig-A  A view of the displacement plot.  Results are magnified 200X.  Displacement of the sphere is radially 

outwards due to internal pressure and down from gravity.

Fig-B  A view of the vessel normal to the xy plane.

The legs can be seen bending out due to inflation of the sphere.

Leg is 
bending 
out from 
internal 
pressure 
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Fig-A  A view of the stress plot (von Mises) with the scale capped at the SA-299 A Shell 21,000 psi 

allowable.  Shell stresses are near their allowables. 

Fig-B  A view of probed general stress values.  The shell thicknesses are set by standard ASME VIII-1 code 

calcualtions.  The measured shell stresses do not deviate more that 1% from the allowed values.  See the 

code calculation report for shell thickness requirements.
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Fig-A Complete vessel outside view of stresses up to the Membrane +Bending (1.5x = 31,500 psi ) 

allowable local stresses.  No outside areas exceed the local attachment stress limit

Fig-B  Inside view of leg and v-plate attachment stresses at the 1.5x M+B limit.  The iso-clipped inset shows 

the extent of stresses above this limit - the local areas are acceptable, but see the next page for details on 

the peak stresses.
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2  Drawing Number

3  Study Name

4 CL_Fig51101_80ksi  graph - Select graph

5 46,824  Str [psi] - Enter stress value

6 30,000,000  ET [psi] - Modulus of elasticity at operating temperature

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32  Salt [psi] = 1/2 * Str 1/2 * 46824 = 23,412

33  EG [psi] = PVELookup("EgTable","Lookup","Eg",graph) 30,000,000

34 Se [psi] = Salt*ET/EG 23412*30000000/30000000 = 23,412

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54 Cycles = PVELookup(graph,"CycleLifeLookup",Se) 47,348

60 foot propane storage sphere

60 foot propane storage sphere

The peak stress (found on the inside surface at the V-plate to shell attachment) is 46,824 psi.  

Expected cycle life = 5,300 full cycles.

The cycle life is acceptable, peak stresses are acceptable.
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Fig-A Stress in all legs is less than the code allowed 20,260 psi limit for the 20 inch diameter legs.

Fig-B  Leg detail.  The leg stresses are less than the code limit of 20,260 psi.  Leg stress is acceptable.
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Load Case 3 - ASME VIII-2 Table 5.3 Load Combination 6a - Seismic + Pressure, Vessel Full

Loads

Reactions

Results

 

VIII-2 Table 5.3 load combination 6a requires the following loads:

Combination: 0.9 P + Ps + D + 0.7 E,   (Seismic)

- 0.9 times internal pressure with static component

- 1g vertical acceleration on vessel components (direction: negative "y")

- 0.7 times IBC 2009 horizontal acceleration for earthquake (direction: positive "x")

The theoretical reaction forces closely match the actual reaction forces in all directions.  The model is in 

balance.

The displacements and stresses due to ASME VIII-2 load combination 6a are acceptable.  All stresses 

are below the respective allowables based on material and location.  Compression cross members take 

the majority of the horizontal seismic load and required a shift of stress to the tension member.  The 

supports and local connected shell regions are acceptable for this load case.  The column reaction forces 

report changes in the vertical forces and horizontal shear forces.  This is expected with the application of 

seismic accelerations.  The force patterns are as expected and no uplift is experienced by the vessel. 
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2 Material Input Chart: 

3 150  Temperatre [ºF]

4 1  k - stress intensity factor

5 Material 1 Material 2 Material 3 Material 4 Material 5

6 Material = SA-299 A SA-516 70

7 Application = Shell Stub

8 Sm [psi] = 21,400 20,000

9 Sy [psi] =

10 E1 = 1.0 1.0

11 E2 = 1.0 1.0

12 E [psi] = 28,800,000 28,800,000

13 v = 0.26 0.26

14 Therm. Coef = -
15

16 Pm [psi] = 21,400 20,000

17 Pl [psi] = 32,100 30,000

18 Pl+Pb [psi] = 32,100 30,000

19 Pl+Pb+Q [psi] = 64,200 60,000

20 Material 6 Material 7 Material 8 Bolting 9 Bolting 10

21 Material =

22 Application =

23 Sm [psi] =

24 Sy [psi] =

25 E1 =

26 E2 =

27 E [psi] =

28 v =

29 Therm. Coef =
30

31 Pm [psi] =

32 Pl [psi] =

33 Pl+Pb [psi] =

34 Pl+Pb+Q [psi] =

35 Prop. Sources 

36 Variable Descriptions:  VIII-2 5.13

37 Sm (basic allowable) E (modulus of elasticity) - IID Table TM-1

38 E1 (weld efficieny) v (Poison's ratio) - IID Table NF-1

39 E2 (casting efficiency) Coef (coefficient of thermal expansion)

40 Stress Limit Equations:  VIII-2 Figure 5.1

41 Pm = 

42 Pl = 

43 Pl+Pb = 

44 Pl+Pb+Q = 

45 Pl+Pb+Q+F = Use fatigue curves~~peak stress intensity limit

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

48 (2) Refer to VIII-2 4.4.2 for k (FS) values

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

50 (4) Refer to VIII-2 5.15 Figure 5.1 and following for the Pm, Pl, Q and F stress limits

51 (5) Refer to VIII-2 5.14 Table 5.6 for the correct application of the calculated stress limits

52 (6) Use IID tables 5A and 5B for Sm for VIII-2 studies

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

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

55 (9) Use B31.3 Table A for Sm values for B31.3 studies

ASME Section IID 

k*E1*E2*Sm~~general primary membrane stress intensity limit

1.5*k*E1*E2*Sm~~local membrane stress intensity limit

1.5*k*E1*E2*Sm~~primary membrane + primary bending stress intensity limit

Max(3*E1*E2*Sm,2*E1*E2*Sy)~~primary + secondary stress intensity
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2 IBC-2009 Section 1613, ASCE-7-2005 Section 11.4 - 12.8 

3 Conditions:

4 Load Case

5 0.373  T [s] - period of vibration

6 12.000  Tl [s] - long period transition period (ASCE 7 Fig 22-15)

7 4,816,497  W [lb] - weight of vessel

8 200,000  Wm [lb] - weight of misc items

9 141.30  P [psi] -pressure at top of vessel

10 0.58  sg [] - fluid specific gravity

11 3.00  R [] - structural system coeficient (ASCE 7-2005 Table 15.4-2)

12 II  Group 

13 1.25  I [] - importance factor (1.0 or 1.25)

14 1.040  Ss [] - short period range seismic coefficient

15 0.343  S1 [] - long period range seismic coefficient

16 D  Site class

17 1.08  Fa [] - ASCE 7 Table 11.4-1 Accelerations

18 1.71  Fv [] - ASCE 7 Table 11.4-2 Accelerations

19 0.70  Lr [] - load case reduction factor

20 Seismic Constants:  IBC-2009 1613.5.4, ASCE 7-2005 11.4.3

21 SMs [] = Fa*Ss 1.08*1.04 = 1.127

22 SDs [] = (2/3)*SMs (2/3)*1.127 = 0.752

23 SM1 [] =  Fv*S1 1.71*0.343 = 0.588

24 SD1 [] = (2/3)*SM1 (2/3)*0.588 = 0.392

25 Seismic Periods:  ASCE 7-2005 11.4.5

26 To [s] = 0.2*SD1/SDs 0.2*0.392/0.752 = 0.104

27 Ts [s] = SD1/SDs 0.392/0.752 = 0.521

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42 Base Shear:  ASCE 7-2005 12.8.1-12.1.1

43 Cs1 [g] = SDs*I/R ~~ Calculated g 0.752*1.25/3 = 0.313

44 CsMax1 [g] = SD1*I/(T*R) ~~ Maximum g 0.392*1.25/(0.373*3) = 0.438

45 CsMax2 [g] = SD1*Tl/(T^2*(R/I)) ~~ Maximum g 0.392*12/(0.373^2*(3/1.25)) = 14.076

46 CsMax [g] = if(T<=Tl,CsMax1,CsMax2) ~~ Maximum g IF(0.373<=12,0.438,14.076) = 0.438

47 CsMin1 [g] = 0.5*S1*I/R ~~ Minimum g 0.5*0.343*1.25/3 = 0.071

48 CsMin2 [g] = 0.01 ~~ Minimum g 0.01 = 0.010

49 CsMin [g] = min(CsMin1,CsMin2) ~~ Minimum g MIN(0.071,0.01) = 0.010

50 Cs [] = Max(CsMin,(Min(CsMax,Cs1))) MAX(0.01,(MIN(0.438,0.313))) = 0.313

51 V [lbs] = Cs*(W+Wm) 0.313*(4816497+200000) = 1,570,944

52 Va [lbs] = V*Lr~~base shear applied in fea 1570944*0.7 = 1,099,661

Case 3 - ASME VIII-2 Table 5.3 Load 6a
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1 Acceleration:

2 aH [g] = Va/W 1099661/4816497 = 0.228

3 aV [g] = 1.0 1 = 1.000

4 PressureTo Apply:

5 P1 [psi] = 1.00 ~~ basic pressure 1.00 = 1.000

6 Coef1 [psi] = P ~~ First input of nonuniform block 141.3 = 141.300

7 CoefX [psi/in] = sg*0.0361*aH ~~ horizontal static head 0.58*0.0361*0.228 = 0.004780

8 CoefY [psi/in] = -sg*0.0361*aV ~~ vertical static head + is up -0.58*0.0361*1 = -0.020938

9 Gravity To Apply:

10 Vert [in/s^2] = 386.22 386.22 = 386.220

11 Hor [in/s^2] = Vert*aH ~~ Apply in same direction as horizontal pressure 386.22*0.228 = 88.178
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Fig-A  A view of non-uniform pressure applied to the sphere.  The non-uniform distribution increases 

pressure in the -y direction and positive x simulating  a 1g vertical acc. and a 0.228g (seismic) horizontal acc 

on the fluid.  The internal pressure at the top is 0.9 x 157 psi.  See previous page for details.

Fig-B  A view of the 1g vertical acc. and the 0.228g (seismic) horizontal acc. applied to the vessel 

components.

Fluid 
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2 Fluid Inputs: 

3 0.58  SG  - specific gravity

4 360  r [in] - sphere radius

5 -0.228  aHf  - horizontal acceleration factor for fluid

6 1.000  aVf  - vertical acceleration factor for fluid

7 π = pi() PI() = 3.141592654

8 D [lb/in^3] = SG*1000*0.00003612729~~density 0.58*1000*0.00003612729 = 0.02095

9 V [in^3] = 4/3*π*r^3~~volume of fluid 4/3*3*360^3 = 195,432,196

10 Wx1 [lb] = D*V*aHf~~fluid x direction reaction 0.021*195432196*-0.228 = -934,947

11 Wy1 [lb] = D*V*aVf~~fluid y direction reaction 0.021*195432196*1 = 4,095,053

12 Vessel Inputs: 

13 721,444  VW  - vessel weight

14 -0.228  aHv  - horizontal acceleration factor for vessel

15 1.000  aVv  - vertical acceleration factor for vessel

16 Wx2 [lb] = VW*aHv~~vessel x direction reaction 721444*-0.228 = -164,714

17 Wy2 [lb] = VW*aVv~~vessel y direction reaction 721444*1 = 721,444

18 Total Reactions: 

19 Wx [lb] = Wx1+Wx2~~total x direction reaction -934947+-164714 = -1,099,661

20 Wy [lb] = Wy1+Wy2~~total y direction reaction 4095053+721444 = 4,816,497

21

22

23

24

25

26

27

28

29

30

31

x 

y 

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

28 0.00  XArea [in2] - Pressurized area on YZ plane

29 101  P [psi] - Pressure 

30 -1,099,661  XForce [lbs] - Added force in the X direction

31 -1,098,300.0  XReaction [lbs] - Reaction force in X direction reported by FEA program

32 TReactionX [lbs] = XArea*P+XForce ~~ Theoretical X reation force 0*101+-1099661 = -1,099,661
33

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

35 0  YArea [in2] - Pressurized area on XZ plane

36 4,816,497  YForce [lbs] - Added force in the Y direction

37 4,810,900.00  YReaction [lbs] - Reaction force in Y direction reported by FEA program

38 TReactionY [lbs] = YArea*P+YForce ~~ Theoretical Y reation force 0*101+4816497 = 4,816,497
39

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

41 0  ZArea [in2] - Pressurized area on XY plane

42 0  ZForce [lbs] - Added force in the Z direction

43 -15.65  ZReaction [lbs] - Reaction force in Z direction reported by FEA program

44 TReactionZ [lbs] = ZArea*P+ZForce ~~ Theoretical Z reation force 0*101+0 = 0
45

46 Resultant of reaction forces in X, Y and Z:

47 TResultant [lbs] =

48 4,940,435

49 Resultant [lbs] =

50 4,934,675

51 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(4940435-4934675)/4934675 = 0.1

52 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(0.1)<2 = Acceptable

53

SQRT(-1098300^2+4810900^2+-16^2) = 

View showing Global Reaction Forces from analysis.

Calculated Reaction Forces = Analysis Reaction Forces

The model is in balanced.  Note that the x reaction is equal to 0.7 times the seismic base shear.

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

SQRT(-1099661^2+4816497^2+0^2) = 

sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant

accelerations exist in 
the x and y directions 
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Fig-A  A view of the displacement plot showing inside and outside the sphere.  Displacement is magnified 

200X.  The horizonal acceleration pulls the vessel in the x direction as expected.

Fig-B  An alternate view of Fig-A normal to the xy plane.  Only x direction displacement is shown. The 

direction of the displacements is as expected and the magnitude is acceptable per the 9.64" drift limit 

calculated in the general section of this report (page 6).

Center Displacement 
0.307" 
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Fig-A  A view of the stress plot with the scale capped at the SA-299 A general membrane allowable of 

21,400 psi.  Stress exceeds the general membrane limit near the attachments.   See below for local limit 

analysis.

Fig-B  A view of the stress plot (von Mises) with the scale capped at the SA-299 local membrane allowable 

of 32,100 psi.  The inset shows no elements exceed this stress.  The stresses are acceptable.
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Fig-A  A view of the stress plot (von Mises) with the scale capped at the leg compression limit = 13,815 psi.  

The highest stressed pair of braces is selected for further analysis.

Fig-B  A view of the stress plot (von Mises) with the scale capped at the SA-516 70 local membrane 

allowable of 30,000 psi.  The peak seismic stress is not used in fatigue analysis.  All upper stub stress are 

acceptable.  

Braces to 
be 

analyzed 
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28 Inputs:

29 29,940  Ten [psi] - tension limit

30 13,815  Comp [psi] - compression limit

31 4,895  At [psi] - average tension across member

32 20,089  Ac [psi] - average compression across member

33 6,274  TF [psi] - stress to transfer from compression

34 Stress Transfer:  350W "Handbook of Steel Construction" 7th Edition, 27.4.2.1 Bracing Systems

35 OS [psi] = Ac-Comp ~~ compressive stress over limit 20089-13815 = 6,274         

36 AtTF [psi] = At+TF ~~ modifed average tension stress 4895+6274 = 11,169       

37 AcTF [psi] = Ac-TF ~~ modifed average compression stress 20089-6274 = 13,815       

38 CP [%] = 100*AcTF/(AtTF+AcTF) 100*13815/(11169+13815) = 55.3           

39 ckAtTF = AtTF<=Ten 11169<=29940 = Acceptable

40 ckAcTF = AcTF<=Comp 13815<=13815 = Acceptable

41 ckCP = CP >= 30 55.295 >= 30 = Acceptable

Fig-A  A view of the highest stressed tension and compression locations for the highest stressed braces. 

Compression stresses exceed the limit and must transfer load to the tension member.  The stress results 

are acceptable with a 6,274 lb transfer of load.

Tension 
Probe 

Location 

Compression 
Probe Location 
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2 Description

3 Inputs:
4 enter absolute values

5 1,098,300  XReaction [lbs] - x reaction force from fea - in direction of horizontal load

6 4,810,900  YReaction [lbs] - y reaction force from fea - vertical

7 16  ZReaction [lbs] - z reaction force from fea - out of plane from horizontal load
8

9 Leg x [lbs] y [lbs] z [lbs] xz [lbs]

10 1 -190,930 534,550 -42,764 195,660

11 2 -162,020 783,450 36,067 165,986

12 3 -98,375 916,450 18,033 100,014

13 4 -121,640 870,310 -38,260 127,515

14 5 -187,710 667,160 -7,010 187,841

15 6 -161,860 402,060 81,528 181,233

16 7 -53,541 198,810 81,035 97,125

17 8 -16,336 152,900 -29,078 33,353

18 9 -105,900 285,240 -99,566 145,355

19

20

21 sum -1,098,312 4,810,930 -15

22
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54

55

Case 3 - 0.9P+Ps+D+0.7E - Seismic

The graph above shows the reaction forces occurring at the based of each column.  Note that the y reaction 

remains positive for all columns.  There is no up lift on the legs.
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22 Reaction Force Checks:

23 Xtotal [lb] = ABS(Sum(x)) ABS(SUM(x)) = 1,098,312

24 XError [%] = 100*(XReaction-Xtotal)/Xtotal 100*(1098300-1098312)/1098312 = 0.0

25 ckXError = ABS(XError) <= 2 ABS(0) <= 2 = Acceptable

26 Ytotal [lb] = ABS(Sum(y)) ABS(SUM(y)) = 4,810,930

27 YError [%] = 100*(YReaction-Ytotal)/Ytotal 100*(4810900-4810930)/4810930 = 0.0

28 ckYError = ABS(YError) <= 2 ABS(0) <= 2 = Acceptable

29 Ztotal [lb] = ABS(Sum(z)) ABS(SUM(z)) = 14.7

30 YMax [lb] = Max(y) MAX(y) = 916,450

31 XZMax [lb] = Max(xz) MAX(xz) = 195,660

9 

8 

7 

6 
5 

4 

3 

2 

1 
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Fig-A A few of the legs have local stresses above the 20,260 psi limit for the 20 inch diameter legs.  See 

below for analysis.

Fig-B  Highest stressed leg detail. Average stress = 18,320 psi vs 20,260 allowable.  Max bending = 22,107,  

Max bending allowable = 31,437.  The leg passes unity check, the leg load is acceptable.

Leg  Highest 
Stress Location 

Highest stressed 
leg for analysis 

Bending = (Max-Min)/2

 = (22107-18320)/2

 = 1894

1 >= Comp/MaxComp + Bend/MaxBend

1 >= 18320/20260 + 1894/31437

1 >= 0.964

Acceptable

Unity Check
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Load Case 4 - ASME VIII-2 Table 5.3 Load Combination 6b -  Wind + Pressure, Vessel Full

Loads

Results

VIII-2 Table 5.3 load combination 6b requires the following loads:

Combination: 0.9 P + Ps + D + W

- 0.9 times internal pressure with static component

- 1g vertical acceleration on vessel components (direction: negative "y")

- 1 times IBC 2009 horizontal acceleration for wind loads (direction: positive "x") 

The calculated wind load is less than the seismic load.  All other loads are identical to case 3 - seismic + 

Pressure case.  The stresses and reaction loads from this case will be less than case 3.  This case is not 

run.
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2 ASCE 7-02 [1], Moss - Pressure Vessel Design Manual - 3rd Edition [2]

3  Description

4 Dimensions:

5 4,816,497  W [in] -Weight

6 843.000  h [in] - Height

7 723.000  D [in] - Diameter or length

8 1.100  Dm - Diameter multiplier

9 Wind:

10 0.85  G - Gust effect factor

11 III  Cat - Structure Category

12 130  V [mph] - Velocity

13 D  Ecat - Exposure Category

14 1.34  Kz - Pressure Exposure Coeficient

15 1.00  Kzt - Topographic Factor

16 0.95  Kd - Wind Directionality Factor

17 1.00  Lr -Load case reduction factor

18 Constants:

19 hD = h/D ~~Height to diameter ratio 843/723 = 1.166

20 Cf = 0.9 ~~Maximum shape factor for a cylinder with projections 0.9 = 0.9

21 I = IF(Cat="I",0.87,if(Cat="II",1.00,if(Cat="III",1.15,If(Cat="IV",1.15,na())))) 1.15

22 Checks:  Vessel must be rigid to use this method

23 Classification = if(hD<4,"Rigid","Flexible") ~~[2] page 113 Rigid

24 CheckRigid = Classification = "Rigid" Acceptable

25 Base Shear and Moment:

26 Af [ft^2]= h*D*Dm/144 ~~Exposed area 843*723*1.1/144 = 4655.82

27 qz [psf] = 0.00256*Kz*Kzt*Kd*V^2*I ~~[1] eqn 6-15 0.00256*1.34*1*0.95*130^2*1 = 63.34

28 F [lb] = qz*G*Cf*Af ~~ Base Shear 63.34*0.85*1*4655.82 = 225,585

29 M [in*lb] = F*h/2 ~~Overturning moment 225585*843/2 = 95,084,120

30 aH = (F/W)*Lr (225585/4816497)*1 = 0.0468

Wind Loads - as called-out by IBC
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Load Case 5 - Case Based on Experience - 1/4 Wind + Hydrotest

Loads

Reactions

Results

The experience load combination for case 5 requires the following loads:

Combination: 0.9 Pt + Pst + D + 0.25 W, k=1.3

- 0.9 times internal test pressure with test fluid static component (0.9*157*1.3=184psi)

- 1g vertical acceleration on vessel components (direction: negative "y")

- 0.25 times IBC 2009 horizontal acceleration for wind loads - Lr = 0.25 (direction: positive "x") 

The theoretical reaction forces closely match the actual reaction forces in all directions.  The model is in 

balance.

The displacements and stresses due to experience load combination for case 5 are acceptable.  All 

stresses are below the respective allowables based on material and location.  The vertical load direction 

place the majority of the stress in the vertical columns.  The supports and local connected shell regions are 

acceptable for this load case. The column reaction forces report small changes in the vertical forces and 

horizontal shear forces.  This is expected with the application of a small wind acceleration.  The force 

patterns are as expected and no uplift is experienced by the vessel. 
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2 Material Input Chart: 

3 150  Temperatre [ºF]

4 1.3  k - stress intensity factor

5 Material 1 Material 2 Material 3 Material 4 Material 5

6 Material = SA-299 A SA-516 70

7 Application = Shell Stub

8 Sm [psi] = 21,400 20,000

9 Sy [psi] =

10 E1 = 1.0 1.0

11 E2 = 1.0 1.0

12 E [psi] = 28,800,000 28,800,000

13 v = 0.26 0.26

14 Therm. Coef = -
15

16 Pm [psi] = 27,820 26,000

17 Pl [psi] = 41,730 39,000

18 Pl+Pb [psi] = 41,730 39,000

19 Pl+Pb+Q [psi] = 83,460 78,000

20 Material 6 Material 7 Material 8 Bolting 9 Bolting 10

21 Material =

22 Application =

23 Sm [psi] =

24 Sy [psi] =

25 E1 =

26 E2 =

27 E [psi] =

28 v =

29 Therm. Coef =
30

31 Pm [psi] =

32 Pl [psi] =

33 Pl+Pb [psi] =

34 Pl+Pb+Q [psi] =

35 Prop. Sources 

36 Variable Descriptions:  VIII-2 5.13

37 Sm (basic allowable) E (modulus of elasticity) - IID Table TM-1

38 E1 (weld efficieny) v (Poison's ratio) - IID Table NF-1

39 E2 (casting efficiency) Coef (coefficient of thermal expansion)

40 Stress Limit Equations:  VIII-2 Figure 5.1

41 Pm = 

42 Pl = 

43 Pl+Pb = 

44 Pl+Pb+Q = 

45 Pl+Pb+Q+F = Use fatigue curves~~peak stress intensity limit

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

48 (2) Refer to VIII-2 4.4.2 for k (FS) values

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

50 (4) Refer to VIII-2 5.15 Figure 5.1 and following for the Pm, Pl, Q and F stress limits

51 (5) Refer to VIII-2 5.14 Table 5.6 for the correct application of the calculated stress limits

52 (6) Use IID tables 5A and 5B for Sm for VIII-2 studies

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

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

55 (9) Use B31.3 Table A for Sm values for B31.3 studies

ASME Section IID

k*E1*E2*Sm~~general primary membrane stress intensity limit

1.5*k*E1*E2*Sm~~local membrane stress intensity limit

1.5*k*E1*E2*Sm~~primary membrane + primary bending stress intensity limit

Max(3*E1*E2*Sm,2*E1*E2*Sy)~~primary + secondary stress intensity
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2 ASCE 7-02 [1], Moss - Pressure Vessel Design Manual - 3rd Edition [2]

3  Description

4 Dimensions:

5 7,781,750  W [in] -Weight

6 843.000  h [in] - Height

7 723.000  D [in] - Diameter or length

8 1.100  Dm - Diameter multiplier

9 Wind:

10 0.85  G - Gust effect factor

11 III  Cat - Structure Category

12 130  V [mph] - Velocity

13 D  Ecat - Exposure Category

14 1.40  Kz - Pressure Exposure Coeficient

15 1.00  Kzt - Topographic Factor

16 0.95  Kd - Wind Directionality Factor

17 0.25  Lr -Load case reduction factor

18 Constants:

19 hD = h/D ~~Height to diameter ratio 843/723 = 1.166

20 Cf = 0.9 ~~Maximum shape factor for a cylinder with projections 0.9 = 0.9

21 I = IF(Cat="I",0.87,if(Cat="II",1.00,if(Cat="III",1.15,If(Cat="IV",1.15,na())))) 1.15

22 Checks:  Vessel must be rigid to use this method

23 Classification = if(hD<4,"Rigid","Flexible") ~~[2] page 113 Rigid

24 CheckRigid = Classification = "Rigid" Acceptable

25 Base Shear and Moment:

26 Af [ft^2]= h*D*Dm/144 ~~Exposed area 843*723*1.1/144 = 4655.82

27 qz [psf] = 0.00256*Kz*Kzt*Kd*V^2*I ~~[1] eqn 6-15 0.00256*1.4*1*0.95*130^2*1 = 66.17

28 F [lb] = qz*G*Cf*Af ~~ Base Shear 66.17*0.85*1*4655.82 = 235,686

29 M [in*lb] = F*h/2 ~~Overturning moment 235686*843/2 = 99,341,618

30 aH = (F/W)*Lr (235686/7781750)*0.25 = 0.00757

Wind Loads - as called-out by IBC
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2 Conditions:

3 Load Case

4 184.00  P [psi] -Pressure at top of vessel

5 1.00  sg [] - Fluid Specific gravity

6 0.00757  aH [] - Horizontal Acceleration

7 Acceleration:

8 aV [g] = 1.0 1 = 1.000

9 PressureTo Apply:

10 P1 [psi] = 1.00 ~~ basic pressure 1.00 = 1.000

11 Coef1 [psi] = P ~~ First input of nonuniform block 184 = 184.000

12 CoefX [psi/in] = sg*0.0361*aH ~~ horizontal static head 1*0.0361*0.00757 = 0.000273

13 CoefY [psi/in] = -sg*0.0361*aV ~~ vertical static head + is up -1*0.0361*1 = -0.036100

Load Case 5 (Hydro Test * 0.9)
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Fig-A  Non-uniform pressure applied to the sphere.  The non-uniform distribution increases pressure in the -

y direction and +x direction simulating a 1g vertical acc. and 0.00448g (wind) horizontal acc. on the fluid.  

The internal pressure at the top is 1.3 x 0.9 x157 = 184psi.  See previous page for details.

Fig-B  1g vertical and 0.00757g (0.00757x386.22 = 2.923 in/s^2) horizontal acceleration. applied to the 

vessel components.

Fluid 
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2 Fluid Inputs: 

3 1.00  SG  - specific gravity

4 360  r [in] - sphere radius

5 0.0076  aHf  - horizontal acceleration factor for fluid

6 1.000  aVf  - vertical acceleration factor for fluid

7 π = pi() PI() = 3.141592654

8 D [lb/in^3] = SG*1000*0.00003612729~~density 1*1000*0.00003612729 = 0.0361

9 V [in^3] = 4/3*π*r^3~~volume of fluid 4/3*3*360^3 = 195,432,196

10 Wx1 [lb] = D*V*aHf~~fluid x direction reaction 0.0361*195432196*0.008 = 53,460

11 Wy1 [lb] = D*V*aVf~~fluid y direction reaction 0.0361*195432196*1 = 7,060,436

12 Vessel Inputs: 

13 721,444  VW  - vessel weight

14 0.0076  aHv  - horizontal acceleration factor for vessel

15 1.000  aVv  - vertical acceleration factor for vessel

16 Wx2 [lb] = VW*aHv~~vessel x direction reaction 721444*0.008 = 5,461

17 Wy2 [lb] = VW*aVv~~vessel y direction reaction 721444*1 = 721,444

18 Total Reactions: 

19 Wx [lb] = Wx1+Wx2~~total x direction reaction 53460+5461 = 58,921

20 Wy [lb] = Wy1+Wy2~~total y direction reaction 7060436+721444 = 7,781,880
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27 X Axis:  reaction forces on the YZ plane caused by loads in the X direction

28 0.00  XArea [in2] - Pressurized area on YZ plane

29 157  P [psi] - Pressure 

30 58,921  XForce [lbs] - Added force in the X direction

31 37,091  XReaction [lbs] - Reaction force in X direction reported by FEA program

32 TReactionX [lbs] = XArea*P+XForce ~~ Theoretical X reation force 0*157+58921 = 58,921
33

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

35 0  YArea [in2] - Pressurized area on XZ plane

36 7,781,880  YForce [lbs] - Added force in the Y direction

37 7,774,000  YReaction [lbs] - Reaction force in Y direction reported by FEA program

38 TReactionY [lbs] = YArea*P+YForce ~~ Theoretical Y reation force 0*157+7781880 = 7,781,880
39

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

41 0  ZArea [in2] - Pressurized area on XY plane

42 0  ZForce [lbs] - Added force in the Z direction

43 8  ZReaction [lbs] - Reaction force in Z direction reported by FEA program

44 TReactionZ [lbs] = ZArea*P+ZForce ~~ Theoretical Z reation force 0*157+0 = 0
45

46 Resultant of reaction forces in X, Y and Z:

47 TResultant [lbs] =

48 7,782,103

49 Resultant [lbs] =

50 7,774,088

51 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(7782103-7774088)/7774088 = 0.1

52 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(0.1)<2 = Acceptable

53

SQRT(37091^2+7774000^2+8^2) = 

View showing Global Reaction Forces from analysis.

Calculated Reaction Forces = Analysis Reaction Forces

The model is in balanced.  

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

SQRT(58921^2+7781880^2+0^2) = 

sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant
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Fig-A  A view of the displacement plot with superimposed original geometry.  Results are magnified 200X.  

Displacement of the sphere is radially outwards due to internal pressure.

Fig-B  A of the vessel normal to the xy plane.  Only x direction displacements are shown.

X displacement due to wind is not significantly high in this case.  The magnitude is acceptable.  The center 

displacement is below the 9.64" limit from page 6.

Center Displacement 
0.007 inch 
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Fig-A The stress plot with the scale capped at the SA-299 A general membrane allowable of 27,820 (21,000 

x 1.3).  This is not a code limit.

Fig-B  The stress plot (von Mises) with the scale capped at the SA-299 A yield limit for hydro testing.  

Isolated elements exceed 40,000 psi.
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2 Description

3 Inputs:
4 enter absolute values

5 34,876  XReaction [lbs] - x reaction force from fea - in direction of horizontal load

6 7,774,000  YReaction [lbs] - y reaction force from fea - vertical

7 -10  ZReaction [lbs] - z reaction force from fea - out of plane from horizontal load
8

9 Leg x [lbs] y [lbs] z [lbs] xz [lbs]

10 1 -6,072 863,870 -67,803 68,074

11 2 -47,868 871,540 -49,739 69,031

12 3 -68,593 871,630 -11,002 69,470

13 4 -61,414 874,430 32,004 69,253

14 5 -28,656 868,010 62,235 68,515

15 6 17,557 859,570 65,045 67,373

16 7 55,846 852,990 35,782 66,326

17 8 64,926 851,670 -12,505 66,119

18 9 39,398 855,810 -54,028 66,867

19

20

21 sum -34,876 7,769,520 -11

22
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24

25

26

27

28

29
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54

55

Case 5 - 0.9Pt+Pst+D+0.25W - Seismic

The graph above shows the reaction forces occurring at the based of each column.  Note that the y reaction 

remains positive for all columns.  There is no up lift on the legs.
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20

21

22 Reaction Force Checks:

23 Xtotal [lb] = ABS(Sum(x)) ABS(SUM(x)) = 34,876

24 XError [%] = 100*(XReaction-Xtotal)/Xtotal 100*(34876-34876)/34876 = 0.0

25 ckXError = ABS(XError) <= 2 ABS(0) <= 2 = Acceptable

26 Ytotal [lb] = ABS(Sum(y)) ABS(SUM(y)) = 7,769,520

27 YError [%] = 100*(YReaction-Ytotal)/Ytotal 100*(7774000-7769520)/7769520 = 0.1

28 ckYError = ABS(YError) <= 2 ABS(0.1) <= 2 = Acceptable

29 Ztotal [lb] = ABS(Sum(z)) ABS(SUM(z)) = 11

30 YMax [lb] = Max(y) MAX(y) = 874,430

31 XZMax [lb] = Max(xz) MAX(xz) = 69,470
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Fig-A  Iso clipped view of the stresses above the yield point during hydrotesting.  These areas are very local 

in extent.  The inset shows a close up of the typical leg to shell attachement.  The shell can handle the 1.3x 

hydrotest pressure.

Fig-B  The leg stress shown at the 20,260 psi leg stress limit.  The maximum leg stress of 19,707 is less 

than the limit.  The leg can handle the hydrotest weight.

Stress measured at leg 



 Section - Load Case 6 ver 4.00 Page 61 of 75

Load Case 6 - Case Based on Experience - Empty Vessel + Wind

Loads

Reactions

Results

The experience load combination for case 6 requires the following loads:

Combination: D + W,   k=1 (vessel is empty)

- 1g vertical acceleration on vessel components (direction: negative "y")

- 1 times IBC 2009 horizontal acceleration for wind loads (direction: positive "x") 

The theoretical reaction forces closely match the actual reaction forces in all directions.  The model is in 

balance.

The displacements and stresses due to experience load combination for case 6 are acceptable. No 

significant stress exist in the model for this case.  The column reaction forces report changes in the vertical 

forces and horizontal shear forces.  This is expected with the application of wind accelerations.  The force 

patterns are as expected and no uplift is experienced by the vessel. 
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2 Material Input Chart: 

3 150  Temperatre [ºF]

4 1  k - stress intensity factor

5 Material 1 Material 2 Material 3 Material 4 Material 5

6 Material = SA-299 A SA-516 70

7 Application = Shell Stub

8 Sm [psi] = 21,400 20,000

9 Sy [psi] =

10 E1 = 1.0 1.0

11 E2 = 1.0 1.0

12 E [psi] = 28,800,000 28,800,000

13 v = 0.26 0.26

14 Therm. Coef = -
15

16 Pm [psi] = 21,400 20,000

17 Pl [psi] = 32,100 30,000

18 Pl+Pb [psi] = 32,100 30,000

19 Pl+Pb+Q [psi] = 64,200 60,000

20 Material 6 Material 7 Material 8 Bolting 9 Bolting 10

21 Material =

22 Application =

23 Sm [psi] =

24 Sy [psi] =

25 E1 =

26 E2 =

27 E [psi] =

28 v =

29 Therm. Coef =
30

31 Pm [psi] =

32 Pl [psi] =

33 Pl+Pb [psi] =

34 Pl+Pb+Q [psi] =

35 Prop. Sources 

36 Variable Descriptions:  VIII-2 5.13

37 Sm (basic allowable) E (modulus of elasticity) - IID Table TM-1

38 E1 (weld efficieny) v (Poison's ratio) - IID Table NF-1

39 E2 (casting efficiency) Coef (coefficient of thermal expansion)

40 Stress Limit Equations:  VIII-2 Figure 5.1

41 Pm = 

42 Pl = 

43 Pl+Pb = 

44 Pl+Pb+Q = 

45 Pl+Pb+Q+F = Use fatigue curves~~peak stress intensity limit

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

48 (2) Refer to VIII-2 4.4.2 for k (FS) values

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

50 (4) Refer to VIII-2 5.15 Figure 5.1 and following for the Pm, Pl, Q and F stress limits

51 (5) Refer to VIII-2 5.14 Table 5.6 for the correct application of the calculated stress limits

52 (6) Use IID tables 5A and 5B for Sm for VIII-2 studies

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

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

55 (9) Use B31.3 Table A for Sm values for B31.3 studies

ASME Section IID

k*E1*E2*Sm~~general primary membrane stress intensity limit

1.5*k*E1*E2*Sm~~local membrane stress intensity limit

1.5*k*E1*E2*Sm~~primary membrane + primary bending stress intensity limit

Max(3*E1*E2*Sm,2*E1*E2*Sy)~~primary + secondary stress intensity
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2 ASCE 7-02 [1], Moss - Pressure Vessel Design Manual - 3rd Edition [2]

3  Description

4 Dimensions:

5 721,444  W [in] -Weight

6 843.000  h [in] - Height

7 723.000  D [in] - Diameter or length

8 1.100  Dm - Diameter multiplier

9 Wind:

10 0.85  G - Gust effect factor

11 III  Cat - Structure Category

12 130  V [mph] - Velocity

13 D  Ecat - Exposure Category

14 1.40  Kz - Pressure Exposure Coeficient

15 1.00  Kzt - Topographic Factor

16 0.95  Kd - Wind Directionality Factor

17 1.00  Lr -Load case reduction factor

18 Constants:

19 hD = h/D ~~Height to diameter ratio 843/723 = 1.166

20 Cf = 0.9 ~~Maximum shape factor for a cylinder with projections 0.9 = 0.9

21 I = IF(Cat="I",0.87,if(Cat="II",1.00,if(Cat="III",1.15,If(Cat="IV",1.15,na())))) 1.15

22 Checks:  Vessel must be rigid to use this method

23 Classification = if(hD<4,"Rigid","Flexible") ~~[2] page 113 Rigid

24 CheckRigid = Classification = "Rigid" Acceptable

25 Base Shear and Moment:

26 Af [ft^2]= h*D*Dm/144 ~~Exposed area 843*723*1.1/144 = 4655.82

27 qz [psf] = 0.00256*Kz*Kzt*Kd*V^2*I ~~[1] eqn 6-15 0.00256*1.4*1*0.95*130^2*1 = 66.17

28 F [lb] = qz*G*Cf*Af ~~ Base Shear 66.17*0.85*1*4655.82 = 235,686

29 M [in*lb] = F*h/2 ~~Overturning moment 235686*843/2 = 99,341,618

30 aH = (F/W)*Lr (235686/721444)*1 = 0.32669

Wind Loads - as called-out by IBC
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Fig-A  A view of the 1g vertical acc. and the 0.32669g (386.22 *0.32699 = 126.1728 in/s^2) wind horizontal 

acc. applied to the vessel components.
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2 Fluid Inputs: 

3 0.00  SG  - specific gravity

4 438  r [in] - sphere radius

5 0.000  aHf  - horizontal acceleration factor for fluid

6 0.000  aVf  - vertical acceleration factor for fluid

7 π = pi() PI() = 3.141592654

8 D [lb/in^3] = SG*1000*0.00003612729~~density 0*1000*0.00003612729 = 0.0000

9 V [in^3] = 4/3*π*r^3~~volume of fluid 4/3*3*438^3 = 351,974,289

10 Wx1 [lb] = D*V*aHf~~fluid x direction reaction 0*351974289*0 = 0

11 Wy1 [lb] = D*V*aVf~~fluid y direction reaction 0*351974289*0 = 0

12 Vessel Inputs: 

13 721,444  VW  - vessel weight

14 -0.327  aHv  - horizontal acceleration factor for vessel

15 1.000  aVv  - vertical acceleration factor for vessel

16 Wx2 [lb] = VW*aHv~~vessel x direction reaction 721444*-0.327 = -235,686

17 Wy2 [lb] = VW*aVv~~vessel y direction reaction 721444*1 = 721,444

18 Total Reactions: 

19 Wx [lb] = Wx1+Wx2~~total x direction reaction 0+-235686 = -235,686

20 Wy [lb] = Wy1+Wy2~~total y direction reaction 0+721444 = 721,444

21
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30

31
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y 

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

28 0.00  XArea [in2] - Pressurized area on YZ plane

29 0  P [psi] - Pressure 

30 -235,686  XForce [lbs] - Added force in the X direction

31 234,870.0  XReaction [lbs] - Reaction force in X direction reported by FEA program

32 TReactionX [lbs] = XArea*P+XForce ~~ Theoretical X reation force 0*0+-235686 = -235,686
33

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

35 0  YArea [in2] - Pressurized area on XZ plane

36 721,444  YForce [lbs] - Added force in the Y direction

37 718,970.00  YReaction [lbs] - Reaction force in Y direction reported by FEA program

38 TReactionY [lbs] = YArea*P+YForce ~~ Theoretical Y reation force 0*0+721444 = 721,444
39

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

41 0  ZArea [in2] - Pressurized area on XY plane

42 0  ZForce [lbs] - Added force in the Z direction

43 0.28  ZReaction [lbs] - Reaction force in Z direction reported by FEA program

44 TReactionZ [lbs] = ZArea*P+ZForce ~~ Theoretical Z reation force 0*0+0 = 0
45

46 Resultant of reaction forces in X, Y and Z:

47 TResultant [lbs] =

48 758,966

49 Resultant [lbs] =

50 756,361

51 Error [%] = 100*(TResultant-Resultant)/Resultant 100*(758966-756361)/756361 = 0.3

52 CheckError = abs(Error)<2 ~~ Error should be less than 2% ABS(0.3)<2 = Acceptable

53

SQRT(234870^2+718970^2+0^2) = 

View showing Global Reaction Forces from analysis.

Calculated Reaction Forces = Analysis Reaction Forces within 0.3%

The model is in balanced.  Note that the x reaction is equal to the wind base shear.

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

SQRT(-235686^2+721444^2+0^2) = 

sqrt(XReaction^2+YReaction^2+ZReaction^2) ~~ Actual resultant
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Fig-A  A view of the displacement plot with superimposed original geometry.  Results are magnified 500X.  

Fig-B  A of the vessel normal to the xy plane.  The center displacement is below the 9.64" drift limit

Center Displacement 
0.061 
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Fig-A  A view of the stress plot (von Mises) with the scale capped at the SA-299 general membrane 

allowable of 21,400 psi.  This allowable corresponds to the upper columns.  There are no significant 

stresses in the model.
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2 Description

3 Inputs:
4 enter absolute values

5 235,686  XReaction [lbs] - x reaction force from fea - in direction of horizontal load

6 721,444  YReaction [lbs] - y reaction force from fea - vertical

7 -10  ZReaction [lbs] - z reaction force from fea - out of plane from horizontal load
8

9 Leg x [lbs] y [lbs] z [lbs] xz [lbs]

10 1 -40,422 79,980 -6,873 41,002

11 2 -33,085 129,550 9,001 34,287

12 3 -19,249 156,260 4,063 19,673

13 4 -24,280 146,900 -8,908 25,863

14 5 -39,063 106,410 -3,316 39,204

15 6 -35,013 53,420 15,040 38,107

16 7 -13,597 12,763 15,818 20,859

17 8 -6,165 3,696 -5,703 8,398

18 9 -23,999 29,987 -19,121 30,685

19

20

21 sum -234,873 718,966 0
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Case 3 - 0.9P+Ps+D+0.7E - Seismic

The graph above shows the reaction forces occurring at the based of each column.  Note that the y reaction 

remains positive for all columns.  There is no up lift on the legs.
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22 Reaction Force Checks:

23 Xtotal [lb] = ABS(Sum(x)) ABS(SUM(x)) = 234,873

24 XError [%] = 100*(XReaction-Xtotal)/Xtotal 100*(235686-234873)/234873 = 0.3

25 ckXError = ABS(XError) <= 2 ABS(0.3) <= 2 = Acceptable

26 Ytotal [lb] = ABS(Sum(y)) ABS(SUM(y)) = 718,966

27 YError [%] = 100*(YReaction-Ytotal)/Ytotal 100*(721444-718966)/718966 = 0.3

28 ckYError = ABS(YError) <= 2 ABS(0.3) <= 2 = Acceptable

29 Ztotal [lb] = ABS(Sum(z)) ABS(SUM(z)) = 0.3

30 YMax [lb] = Max(y) MAX(y) = 156,260

31 XZMax [lb] = Max(xz) MAX(xz) = 41,002
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Appendix 1 - U=1 Geometry Factor Justification 

Description

Results

Compression and Tension limits as determined for this report use a geometry factor (U) of 1.  A factor of 

one does not reduce the tension and compression limits.  This section of the report justifies the use of this 

factor as 1 by comparing standard geometry (rated with U=1) from the AISC code to the actual geometry for 

the sphere supports.

The brace to V-plate attachment method is more efficient than the code Table D3.1 Case 4 attachement 

method.  The Code U=1 for case 4 is used for the brace stress limit.
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Fig-A  Table D3.1 case 4 A view of the 1/4 model standard attachment type from AISC "Specification for 

Structural Steel Buildings" 2005,  Chapter D.  This attachment is give a geometry factor (U) of 1.  

Fig-B As used on the sphere bracing.  A view of the 1/4 model actual attachment geometry.  This 

attachment layout matches that of the spherical vessel cross bracing.

Brace Plate 
20" x 22" x 1.25" Thk 

Square Tube 
10" x 10" x 0.5" Wall 

Fillet 
0.5" 

Brace Plate 
20" x 22" x 1.25" Thk 

Fillet 
0.5" 

2 Rectangular Tubes 
10" x 4" x 0.375" Thk 
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Fig-A  Table D3.1 case 4.  A 1" tetrahedral, second order mesh is used to mesh the standard geometry.

Fig-B  As used on the sphere bracing.  A 1" tetrahedral, second order mesh is used to mesh the actual 

vessel geometry.
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Fig-A  Table D3.1 case 4.  The end of the brace plate is fixed and a tension load of 47,000 psi (tube yield 

strenght) is applied to the end. Symmetry is applied along the sectioned surfaces.

Fig-B  As used on the sphere bracing.  The end of the brace plate is fixed and a tension load of 47,000 

psi (tube yield strength) is applied to the end.  Symmetry is applied along the sectioned surfaces.
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Symmetry 
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Fig-A  Table D3.1 case 4.  Non linear displacement vs stress plot for allowed U=1.  Local yielding 

proceeding to failure begins when the general stress in the tube is 79% of the yield strength.

Fig-B  As used on the sphere bracing.  Local yielding proceeding to failure begins when the general 

stress in the tube is 86% of the yield strength.  This geometry is stronger than the code standard geometry 

allowing U=1 to be used conservatively for the bracing compression limit.


