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Introduction:

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.

Summary Conclusions:

Materials
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.

Model Information
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).

Restraints & Loads
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.



Executive Summary ver 4.00 Page 5 of 75

Results

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.

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

Analysis Conclusion:
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.
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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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Tension & Compression Limits - General ver1.00 Page 7 of 75

Column - Calculated at 20"Dia for full height Component
AISC "Specification for Structural Buildings Steel Buildings" 2005

Material Inputs:
A252-2 Material
60,000 Fu psi - tensile strength at temp.
35,000 Fy ppsi - yield strength at temp
28,800,000 E ppsi - modulus at temp
ASTM 252 Source

Geometry Inputs:
[ Circular Tube| Type
20.000 D n - outside diameter
19.000 d g - inside diameter
272.00 L (n - length of brace
1.00 U - geometry efficiency
0.65 K-(16.1-23)

Tension Limit: Chapter D

L1 psip = Fu*U/2 60000*1/2 = 30,000

L2 psi = Fy/1.67 35000/1.67 = 20,958

Ten psi = Min(L1,L2) MIN(30000,20958) = 20,958

Bend ppsi = Ten*1.5 20958*1.5 = 31,437
Compression Limit: Chapter E

r i = SQRT(D"2+d"2)/4 SQRT(2072+1972)/4 = 6.897

Fepsi=" "2* E/ ( K* L/ 3.041522772*28800000/(0.65*272/6.8965571)"2 = 432,506

Fcrl psi = (0.658™N(Fy/Fe))*Fy (0.658"(35000/432506))*35000 = 33,834

Fcr2 psi = 0.877*Fe 0.877*432506 = 379,308

Comp psi = If(Fe>=0.44*Fy,Fcrl,Fcr2)/1.67

IF(432506>=0.44*35000,33834,379308)/1.67 = 20,260

U=1 - See Appendix 1

Drift Limits for Wind and Seismic: ASCE 7 -2005 Table 12.12-1
481.80 H jin - vessel height
0.020 DL - drift limit factor (table 12.12-1)

Max Drift i = H*DL 481.8*0.02 =
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General Moment of Inertia ver2.4 www.pveng.com  29-Oct-10 Page 8 of 75
Propane/Butane Sphere <- Vessel
Cross Braces 2x 8x4x3/8 <- Description
L il
—_—b
2.000) /3000 4@d0 5.000 6.000 | f4000 8.000 d
——
L' | 5
h
ltem Width Depth X Y Area A*X  A*XN2 A*Y A*Y"2 lo Depth  lo Width
a 0.375[ 8.000( 0.000{ 0.000 3.00 0.00 0.00 0.00 0.00 16.00 0.04
b 0.375[ 8.000f 2.625( 0.000 3.00 7.88| 20.67 0.00 0.00 16.00 0.04
c 2.250| 0.375] 1.313| 3.813 0.84 1.11 1.45 3.22] 12.26 0.01 0.36
d 2.250| 0.375] 1.313| -3.813 0.84 1.11 1.45] -3.22| 12.26 0.01 0.36
e 0.375[ 8.000( 4.000{ 0.000 3.00] 12.00] 48.00 0.00 0.00 16.00 0.04
f 0.375[ 8.000f 6.625( 0.000 3.00] 19.88] 131.67 0.00 0.00 16.00 0.04
g 2.250| 0.375| 5.313| 3.813 0.84 4.48| 23.81 3.22| 12.26 0.01 0.36
h 2.2501 0.375| 5.313] -3.813 0.84 4.48| 23.81) -3.22| 12.26 0.01 0.36
I
i
k
I
m
Sum| 15.375] 50.93| 250.88 0.00| 49.06 64.04 1.56
A AX AXtwo AY AYtwo loD low
Axis X-X Properties
Centroid xx = AY/A = 0/15.375 Cxx = [0.000
CmaxXX = Max(MaxY-Cxx,Cxx-MinY) = Max(4-0,0--4) CmaxXX = 14.000
Ixx = AYtwo+loD - Cxx*Ay = 49.056+64.04 - 0*0 Ixx = 1113.096
rxx = sqrt(Ixx/A) =sqrt(113.096/15.375) rxx = |2.712
AXxis Y-Y Properties
Centroid yy = AX/A =50.93/15.375 Cyy =(3.313
CmaxYY = Max(MaxX-Cyy,Cyy-MinX) = Max(6.813-3.313,3.313--0.188) CmaxYY = |3.500
lyy = AXtwo+loW - Cyy*Ax =250.876+1.564 - 3.313*50.93 lyy = |83.736
ryy = sqrt(lyy/A) = s(rt(83.736/15.375) ryy = (2.334
AXis Z-Z Properties (twisting)
Centroid zz = Max(MaxA,MaxB,MaxC,MaxD) Czz = |5.315
I1zz = Ixx + lyy =113.096 + 83.736 Izz = 1196.832
rzz = sqrt(lzz/A) = sQrt(196.832/15.375) rzz = |3.578

Use CmaxXX, CmaxYY and Czz for beam stress calculations
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Tension & Compression Limits - General ver1.01 Page 9 of 75

Dual 8x3x3/8 Cross Brace Component

AISC "Specification for Structural Buildings Steel Buildings" 2005

Material Inputs:
G40.21-350W or A-500 C Material

62,000 Fu psi - tensile strength at temp.

50,000 Fy ppsi - yield strength at temp

28,800,000 E ppsi - modulus at temp

ASTM 500 Source

Geometry Inputs:

Other| Type

2.334 r (n - least radius of gyration

368.00 L n - length of brace (knot to knot)

1.00 U - geometry efficiency

0.65 K - (16.1-23)

Tension Limit: Chapter D

L1 sy = FU*U/2 62000%1/2 = 31,000
L2 sy = Fy/1.67 50000/1.67 = 29,940
Ten psi = Min(L1,L2) MIN(31000,29940) =
Compression Limit: Chapter E
Fepsi= A 2* E/ ( K* L/ r) 3.2415927/2*28800000/(0.65*368/2.334)"2 = 27,056
Ferl psi = (0.658™(Fy/Fe))*Fy (0.658"(50000/27056))*50000 = 23,070
Fcr2 sy = 0.877*Fe 0.877*27056 = 23,728

Comp psi = If(Fe>=0.44*Fy,Fcrl,Fcr2)/1.67

IF(27056>=0.44*50000,23070,23728)/1.67 = 13,815
U=1 - See Appendix 1

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.
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Model - General ver4.06 Page 10 of 75

&

Cross
Bracing

Shellpanels
modelled as
simplified rings

18 Equator
Plates

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

Conical
transition

thicknesses aproximating 1 1/2".

V plates are
weldeddirectly
to the equator

Dual 8x3 tube
reinforcing

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.
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Fig-A A bottom view of the vessel. 9 legs are used on a 600 inch pitch diameter.

Probe
location

Probe
location

Probe
location

Probe
location

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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Mesh - General ver 4.07 Page 12 of 75

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.

10"-12"
Global

3" Refined

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.
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Mesh - General ver4.07

Maodel name: Sphere Agg
Study narne: Load Case 1
MWesh type: Solid mesh

Fig-A A leg attachment alternate view.
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Fig-B A close up of the leg bottoms.
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Error - General ver 4.06 Page 14 of 75

Errar

L 40

L 35

_ 30

L 25

.20

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.
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Restraints - General ver4.06 Page 15 of 75

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.




