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1. INTRODUCTION 

Document YPFBR-ING40-MCE-PS-005 demonstrates that the sphere 1TK-2940 does not meet 

the updated load criteria. The following document presents the Finite Element Analysis for the 

structural validation of the 1TK-2940 sphere with a modified design to meet this new criteria. 

2. SCOPE 

The scope of this report is to perform the structural assessment and validation of the 1TK-2940 

sphere for a modified design against current design and code requirements (referred to as the 

Modified Assessment). 

3. ASSUMPTIONS 

The following assumptions were defined for the analysis work presented in this report: 

1. Validity of any engineering calculations depends upon, and is limited to, the accuracy 

and completeness of data provided to KHE and validated by AA BOLPEGAS. 

2. This effort does not include the certification of the tank itself, just the support structures. 

All analysis and methodology will be per KHE’s experience with this type of project. 

This effort does not include any analysis or review of the foundation.  The foundation 

scope is by others. 

3. In developing this report, KHE assumes that plant operation and maintenance of 

subject equipment and interconnecting equipment is in accordance with generally 

accepted industry standards and that all related equipment is designed and installed 

in accordance with applicable codes and standards. 

4. STANDARDS AND REFERENCES DOCUMENTS 

The finite element analysis was done per ASME VIII 2019 Div2 Part 5 Elastic-Plastic LRFD 

Analysis Method (referred to here as Part 5 EP). Part 5 EP was used as a basis for the following 

reasons: 
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 The spheres are pressure vessels. Part 5 is better suited for this application where the 

connections to the tops of the columns are connected via the pressure vessel as opposed 

to beams. 

 Specific geometry for the supports is not provided for in ASME VIII Div1 (2019), ASME 

VIII Div2 (2019) Part 4, AISC 360 (2016), AISC 341 (2016), or UBC 97 (1997), thereby 

requiring “Analysis Methodology” 

 Part 5 EP “stress analysis provides a more accurate assessment of the protection against 

plastic collapse of a component … because the actual structural behavior is more closely 

approximated. The redistribution of stress that occurs as a result of inelastic deformation 

(plasticity) and deformation characteristics of the component are considered directly in the 

analysis.”1 

 Part 5 EP includes load combinations accounting for earthquake loads. 

 Part 5 EP has well established acceptance criteria. 

 

The following codes were utilized where supplemental input/data/methodologies were required or 

where otherwise used as reference. 

 

 ASCE 7-16 (2017): Design loads and Associated Criteria for Buildings and     Other   

Structures.  

 UBC-97 (1997): Uniform Building Code  

 NBIC Part 2 (2021) Supplement 11: National Board Inspection Code  

 ANSI/AISC 360-16 (LRFD) (2016): Specification for Structural Steel Buildings  

 ANSI/AISC 341-16 (2016): Seismic Provisions for Structural Steel Buildings  

 

ASCE 7-16 was utilized to calculate the seismic and wind loads, UBC-97 was used in conjunction 

with the geotechnical study ING40-4A-125-RL-502 to develop the seismic parameters (see 

Seismic Load Development Per UBC 97). NBIC Part 2, supplement 11.4 (where applicable) was 

used as a guide for reporting the boundary conditions, loading, material properties and other 

                                                

1 ASME VIII Div2 2021 Part 5 
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modeling parameters in the report. The AISC standards were used to determine the size of 

notional loads, compressive design strength for the bracing, anchor bolt strength, and section 

properties for Ordinary Concentrically Braced Frame (OCBF) members.  

 

5. DATA COLLECTION AND VERIFICATION 

To support this work, a field survey was conducted by photo documentation, dimension 

verification, and visual observations of the supports of the RCBA Spheres. Operating history, 

construction history, construction drawings, geotechnical studies, and inspection reports were 

also compiled to support this work 

6. FINITE ELEMENT ANALYSIS DEVELOPMENT 

The objective of the analysis was to assess the sphere’s support structure against seismic loads 

based on the latest ASCE/UBC codes and geotechnical surveys. The commercial software 

ABAQUS CAE version 20212 was used to perform the structural analysis.  

Part 5 EP was used to conduct the assessment. It should be noted that the methodology for Part 

5 EP did not exist in 1978, but neither did a prescribed methodology for assessing the structural 

reports for spherical tanks. Then, as in the current ASME VIII 2019, the code prescribes 

engineering judgment and structural practice. As such, Part 5 EP is a reasonable approach for 

these assessments.  

6.1. Geometry and Boundary Conditions 

The model geometry was developed on the same basis as YPFBR-ING40-MCE-AN-005. The 

model consisted of shell and beam elements. Shell elements were of type S8R and the beam 

elements were of type B31OS.  There are three main components of the model, namely, the 

sphere, the columns, and the braces.  There are also gussets that connect the braces to the 

columns. The columns, gussets, and sphere were made from shell elements whereas the braces 

were made of beam elements. Figure 1 and Figure 2 show the geometry and mesh of the 

structure. To simulate welded connections, the braces and gussets were tied at the nodes as 

                                                

2 Abaqus Software Site ID: 200000000053861  
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shown in Figure 5 and Figure 7.  The column shell elements and sphere shell elements were tied 

via shared nodes. 

 

The model is symmetrical about the XY plane; therefore, a half model was utilized with a 

symmetry boundary condition as shown in Figure 3. Each column was fixed at its base in all three 

direction and rotations as shown in Figure 4. The effects of nonlinear geometry were considered 

and unless otherwise specified, the corroded condition3 was used. 

To compensate for irregularities in the as-built geometry (verticality, concentricity, straightness, 

etc.), notional loads were applied to the model per AISC 360-16 Equation C2-1. The notional 

loads represent the effects of initial system imperfections in the position of points of intersection 

of members and points along members. 

 

 

                                                

3 ASME VIII Div2 4.1.4.1: “The dimensional symbols used in all design equations and figures 

throughout this Division represent dimensions in the corroded condition.” 
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Figure 1: Mesh of the Model 
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Figure 2: Mesh at the Column to Sphere Region 
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Figure 3: Symmetry Boundary Condition of the Vessel 
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Figure 4: Fixed Boundary Condition at the Column Bases 
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Figure 5: Node Ties at the Brace to Top Gusset Interface 
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Figure 6: All Tied Connections 
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Figure 7: Node Ties at the Brace to Bottom Gusset Interface 

 

6.1.1. Modifications 

The Current Assessment (YPFBR-ING40-MCE-AN-005) shows that the design is not strong 

enough to withstand the Global Collapse criteria. As such the geometry was modified by: 

 adding a 10” x 25lb/ft “C” channel to the outside of the column 

 increasing the size of the braces to 6”x6”x0.75” angle sections. 
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 Increasing the height of the bracing to column gusset. 

This modified geometry was used in Load Cases 8-14 (see Table 3). Figure 8 shows the “C” and 

modified gusset.  A drawing of the modified geometry is shows in Section 12. These modifications 

were modeled with S8R shell elements 

 

 

Figure 8: Modified Geometry 
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6.2. Material Properties 

Table 1 shows some of the material properties used in the model. Figure 9 shows the sections of 

the models where these properties were applied to the shell elements. All beam members had 

SA 36 properties. 

 

 

Table 1: General Material Properties 

PROPERTY SA 36 A 283C SA 516 GR70 

YOUNG’S MODULUS 29,400 ksi 29,400 ksi 29,400 ksi 

POISSON’S RATIO 0.3 0.3 0.3 

YIELD STRENGTH 36 ksi 30 ksi 38 ksi 

UTS 58ksi 55 ksi 70ksi 

DENSITY 7750 kg/ m3 7750 kg/ m3* 7750 kg/ m3 
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Figure 9: Section Assignments to the Model 

 

Figure 10: Elastic Plastic Material Curve for SA-36 



 

PROYECTO: 

“SERVICIO DE MODELADO Y CALCULO 

ESTRUCTURAL DE SOPORTES DE 

ESFERAS DE LA RCBA” 

CÓDIGO DE DOCUMENTO: 

YPFBR-ING40-MCE-PS-005 

 

TITULO:  

PROPUESTA DE MODIFICACIÓN DE 
DISEÑO ESTRUCTURAL PARA LA 

ESFERA GLP (1TK-2940) 
 

HOJA: 

21 de 74 

 

ESTE DOCUMENTO ES PROPIEDAD DE YPFB REFINACIÓN. Y NO PODRA SER REPRODUCIDO O UTILIZADO PARA CUALQUIER FINALIDAD DIFERENTE DE AQUELLA PARA LA QUE HA SIDO SUMINISTRADO.                                          

ARCHIVO: YPFBR-ING40-MCE-PS-005=0 

 

 

 

Figure 11:Elastic-Plastic Material Curve for SA-283C 

 

Figure 12: Elastic-Plastic Material Curve for SA-516 Gr70 
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6.3. Loads 

Table 2 lists a description of the loads applied in the analyses. Derivation of the Earthquake, 

Wind, and Hydrotest Pressure loads are shown in Section 10 (Appendix B: Load Calculations). 

The hydrotest pressure is calculated per ASME VIII Div1 UG-99.b. Some of the parameters and 

characteristics of the members are shown in Section 9 (Appendix A: Sphere and Component 

Characteristics). Table 3 lists the load cases for the assessment along with passing criteria and 

status. Where the load case fails, the point in the analysis where divergence occurred is indicated 

next to the status. 

Table 2: Loads Applied to the Model 

Load Parameter Description Value Units 

S Snow Loads 0 kN 

L Live Loads 0 kN 

T Thermal Loads 0 kN 

P Design Pressure 225 psig 

Pt Hydrotest Pressure 350 psig 

Po Operating Pressure 177.8 psig 

Ps Static Head from Liquid 6.3 psig 

PsT Static Head from Hydrotest 15.2 psig 

D Dead Weight 1137 kN 

Dc Dead Weight Corroded calculated kN 

DI Weight of Contents 2972 kN 

DIT Weight of Contents (Hydrotest) 6240 kN 

Eh Current Horizontal Earthquake 1360 kN 

Ev Current Vertical Earthquake  600 kN 

E_1978 Original Earthquake 400 kN 

W Current Wind 43.3 kN 

W_1978 Original Wind 67.6 kN 

Wpt Hydrotest Wind 43.3 kN 
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Table 3: LRFD Combinations ASME VIII Div. 2 2019 Table 5.5 

Load 
Case Assessment Description Load Combination Criteria Status 

8 Modified Global Check 2.4(P+Ps+Dc+DI) Convergence Pass 

9 Modified Wind Global Check 2.1(P+Ps+Dc+DI) + 1.7W Convergence Pass 

10 Modified New Seismic Global Check 2.1(P+Ps+Dc+DI) + 1.7Eh + 1.7Ev   Convergence Pass 

11 Modified Local Check 1.7(P+Ps+Dc+DI) LTSR Pass 

12 Modified Hydrotest Global Check 1.7(Pt+PsT+DC+DIT) + Wpt  Convergence Pass 

13 Modified Operating Po + Ps + Dc+DI Reference Only Pass 

14 Modified Operating w/ New Seismic Po + Ps + Dc +DI+ Eh + Ev + W Reference Only Pass 
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Figure 13 shows all the loads applied to the model. 

 

Figure 13: Loads Applied to Model 
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7. Results 

Two criteria are used in the evaluation of a Part 5 EP analysis, Protection from Global Collapse4 

and Protection from Local Failure5. The Protection from Global Collapse criteria is met if the 

analysis converges on a solution under the given LRFD case loading6. 

 

The Protection from Local Failure criteria is met if the Limiting Triaxial Stress Ratio (LTSR) is less 

than one at each element for the converged results as shown in the relationship below: 

 

                                                

4 ASME VIII Div2 Part 5.2 
5 ASME VIII Div2 Part 5.3 
6 ASME VIII Div2 Part 5.2.4.4.e 
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Table 3 (shown previously) presents a list of the LRFD combinations run with the resulting status. 

All load cases 8-14 pass their respective criteria. The following subsections show graphical results 

from each load case. For each global collapse case there is an equivalent stress plot (units are 

MPa) and an equivalent plastic strain plot. For each local failure case there is a plot showing the 

Limiting Triaxial Strain Ratio. If the maximum LTSR is less than one, the criteria are met. Other 

figures in each section show the stresses and strains in the sphere to column weld region while 

others show the reaction forces in the braces.  

Table 4 and Table 5 show the reaction loads and moments respectively at the base of each 

column for each load case.  The factored (1.7) horizontal earthquake load is the summation of 

the Fx forces for load case 10 (shown in the “Totals” column) The maximum shear force at the 

column occurs in load case 10.  The formulation for the maximum shear force is shown in Figure 

14: Maximum Shear Force Calculation The calculations shown in Section 11.1 “Column Base 

Support (CBS) Shear Calculation” demonstrate that the lateral force resisting system at the base 

of the column is sufficient. 

 

 

Figure 14: Maximum Shear Force Calculation
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Table 4: Reaction Loads (N) at Base of Columns 

LOAD 

CASE 

 COLUMN TOTAL MAXI 
COLUMN 
SHEAR  1 2 3 4 5 6 

8 
Fx -3.87E+04 -2.00E+04 1.96E+04 3.96E+04 1.96E+04 -2.00E+04 6.68E+01 3.96E+04 

 
Fy 1.63E+06 1.63E+06 1.63E+06 1.63E+06 1.63E+06 1.63E+06 9.80E+06 

Fz 0.00E+00 -3.32E+04 -3.40E+04 0.00E+00 3.40E+04 3.32E+04 0.00E+00 

9 
Fx -1.01E+05 -6.15E+04 3.21E+04 8.62E+04 3.21E+04 -6.15E+04 -7.33E+04 1.01E+05 

 
Fy 1.46E+06 1.44E+06 1.41E+06 1.39E+06 1.41E+06 1.44E+06 8.56E+06 

Fz 0.00E+00 -7.67E+04 -8.54E+04 0.00E+00 8.54E+04 7.67E+04 0.00E+00 

10 
Fx -1.65E+05 -4.60E+05 -5.21E+05 -1.89E+05 -5.21E+05 -4.60E+05 -2.32E+06 5.83E+05 

 
Fy 2.71E+06 2.18E+06 1.07E+06 3.78E+05 1.07E+06 2.18E+06 9.58E+06 

Fz 0.00E+00 1.37E+05 -2.60E+05 0.00E+00 2.60E+05 -1.37E+05 0.00E+00 

11 
Fx -9.23E+04 -4.63E+04 4.62E+04 9.25E+04 4.62E+04 -4.63E+04 4.40E+01 9.25E+04 

 
Fy 1.15E+06 1.15E+06 1.15E+06 1.15E+06 1.15E+06 1.15E+06 6.93E+06 

Fz 0.00E+00 -7.98E+04 -8.01E+04 0.00E+00 8.01E+04 7.98E+04 0.00E+00 

12 Fx 2.13E+05 6.20E+04 -9.21E+04 -1.95E+05 -9.21E+04 6.20E+04 -4.23E+04 2.26E+05 

Fy 2.20E+06 2.10E+06 2.06E+06 2.16E+06 2.06E+06 2.10E+06 1.27E+07 
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Fz 0.00E+00 2.17E+05 1.98E+05 0.00E+00 -1.98E+05 -2.17E+05 0.00E+00 
 

13 
Fx -7.38E+04 -3.70E+04 3.69E+04 7.39E+04 3.69E+04 -3.70E+04 2.52E+01 

7.39E+04 
Fy 6.79E+05 6.79E+05 6.79E+05 6.79E+05 6.79E+05 6.79E+05 4.07E+06 

Fz 0.00E+00 -6.39E+04 -6.39E+04 0.00E+00 6.39E+04 6.39E+04 0.00E+00 

14 
Fx -2.32E+05 -3.03E+05 -2.47E+05 -7.46E+04 -2.47E+05 -3.03E+05 -1.41E+06 

3.03E+05 
Fy 1.49E+06 1.11E+06 4.39E+05 8.29E+04 4.39E+05 1.11E+06 4.67E+06 

Fz 0.00E+00 -1.25E+02 -1.53E+05 0.00E+00 1.53E+05 1.25E+02 4.89E-12 

 

Table 5: Reaction Moments (N-mm) at Base of Columns (In Reference to Global Coordinate System) 

LOAD 

CASE 

 COLUMN      

1 2 3 4 5 6 

8 
Mx 0.00E+00 -2.79E+08 -2.78E+08 0.00E+00 2.78E+08 2.79E+08 

My 0.00E+00 -7.48E+04 -2.71E+04 0.00E+00 2.71E+04 7.48E+04 

Mz 3.22E+08 1.60E+08 -1.61E+08 -3.21E+08 -1.61E+08 1.60E+08 

9 
Mx 0.00E+00 -2.05E+08 -2.00E+08 0.00E+00 2.00E+08 2.05E+08 

My 0.00E+00 5.53E+05 5.91E+05 0.00E+00 -5.91E+05 -5.53E+05 

Mz 2.38E+08 1.17E+08 -1.17E+08 -2.30E+08 -1.17E+08 1.17E+08 
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10 
Mx 0.00E+00 -2.52E+08 -4.81E+07 0.00E+00 4.81E+07 2.52E+08 

My 0.00E+00 -6.04E+05 -9.64E+05 0.00E+00 9.64E+05 6.04E+05 

Mz 3.78E+08 7.66E+07 -1.15E+08 -4.59E+07 -1.15E+08 7.66E+07 

11 
Mx 0.00E+00 -1.66E+08 -1.66E+08 0.00E+00 1.66E+08 1.66E+08 

My 0.00E+00 -1.94E+04 -7.90E+02 0.00E+00 7.90E+02 1.94E+04 

Mz 1.92E+08 9.59E+07 -9.61E+07 -1.92E+08 -9.61E+07 9.59E+07 

12 
Mx 0.00E+00 -3.65E+08 -3.70E+08 0.00E+00 3.70E+08 3.65E+08 

My 0.00E+00 2.84E+06 1.62E+06 0.00E+00 -1.62E+06 -2.84E+06 

Mz 3.77E+08 1.95E+08 -2.13E+08 -4.02E+08 -2.13E+08 1.95E+08 

13 
Mx 0.00E+00 -7.47E+07 -7.47E+07 0.00E+00 7.47E+07 7.47E+07 

My 0.00E+00 7.29E+03 5.26E+03 0.00E+00 -5.26E+03 -7.29E+03 

Mz 8.63E+07 4.31E+07 -4.31E+07 -8.62E+07 -4.31E+07 4.31E+07 

14 
Mx 0.00E+00 -1.19E+08 -4.28E+07 0.00E+00 4.28E+07 1.19E+08 

My 0.00E+00 1.23E+07 1.23E+07 0.00E+00 -1.23E+07 -1.23E+07 

Mz 1.75E+08 5.27E+07 -4.14E+07 -2.43E+07 -4.14E+07 5.27E+07 
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7.1. Case 8: Global Check 

 

Figure 15: Case 8 Equivalent Stress and Plastic Strain (Passed) 
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Figure 16: Case 8 Equivalent Stress and Plastic Strain Closeup (Passed) 
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Figure 17: Case 8 Sphere to Column Weld Region 
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Figure 18: Case 8 Brace Reaction Loads 
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7.2. Case 9: Wind Global Check 

 

Figure 19: Case 9 Equivalent Stress and Plastic Strain (Passed) 
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Figure 20: Case 9 Equivalent Stress and Plastic Strain Closeup (Passed) 
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Figure 21: Case 9 Sphere to Column Weld Region 
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Figure 22: Case 9 Brace Reaction Loads 
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7.3. Case 10: Seismic Global Check 

 

Figure 23: Case 10 Equivalent Stress and Plastic Strain (Passed) 



 

PROYECTO: 

“SERVICIO DE MODELADO Y CALCULO 

ESTRUCTURAL DE SOPORTES DE 

ESFERAS DE LA RCBA” 

CÓDIGO DE DOCUMENTO: 

YPFBR-ING40-MCE-PS-005 

 

TITULO:  

PROPUESTA DE MODIFICACIÓN DE 
DISEÑO ESTRUCTURAL PARA LA 

ESFERA GLP (1TK-2940) 
 

HOJA: 

39 de 74 

 

ESTE DOCUMENTO ES PROPIEDAD DE YPFB REFINACIÓN. Y NO PODRA SER REPRODUCIDO O UTILIZADO PARA CUALQUIER FINALIDAD DIFERENTE DE AQUELLA PARA LA QUE HA SIDO SUMINISTRADO.                                          

ARCHIVO: YPFBR-ING40-MCE-PS-005=0 

 

 

Figure 24: Case 10 Equivalent Stress and Plastic Strain Closeup (Passed) 
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Figure 25: Case 10 Sphere to Column Weld Region 
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Figure 26: Case 10 Brace Reaction Loads 
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7.4. Case 11: Local Check 

 

Figure 27: Case 11 Equivalent Stress and Plastic Strain (Passed) 
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Figure 28: Case 11 Equivalent Stress and Plastic Strain Closeup (Passed) 
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Figure 29: Case 11 Sphere to Column Weld Region 
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Figure 30: Case 11 Brace Reaction Loads 
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7.5. Case 12: Hydrotest Global Check 

 

Figure 31: Case 12 Equivalent Stress and Plastic Strain (For Reference) 
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Figure 32: Case 12 Equivalent Stress and Plastic Strain Closeup (For Reference) 
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Figure 33: Case 12 Sphere to Column Weld Region 
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Figure 34: Case 12 Brace Reaction Loads 
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7.6. Case 13: Operating 

 

Figure 35: Case 13 Equivalent Stress and Plastic Strain (For Reference) 
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Figure 36: Case 13 Equivalent Stress and Plastic Strain Closeup (For Reference) 

 



 

PROYECTO: 

“SERVICIO DE MODELADO Y CALCULO 

ESTRUCTURAL DE SOPORTES DE 

ESFERAS DE LA RCBA” 

CÓDIGO DE DOCUMENTO: 

YPFBR-ING40-MCE-PS-005 

 

TITULO:  

PROPUESTA DE MODIFICACIÓN DE 
DISEÑO ESTRUCTURAL PARA LA 

ESFERA GLP (1TK-2940) 
 

HOJA: 

52 de 74 

 

ESTE DOCUMENTO ES PROPIEDAD DE YPFB REFINACIÓN. Y NO PODRA SER REPRODUCIDO O UTILIZADO PARA CUALQUIER FINALIDAD DIFERENTE DE AQUELLA PARA LA QUE HA SIDO SUMINISTRADO.                                          

ARCHIVO: YPFBR-ING40-MCE-PS-005=0 

 

 

Figure 37: Case 13 Sphere to Column Weld Region 
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Figure 38: Case 13 Brace Reaction Loads 
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7.7. Case 14: Operating w/ New Seismic 

 

Figure 39: Case 14 Equivalent Stress and Plastic Strain (For Reference) 
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Figure 40: Case 14 Equivalent Stress and Plastic Strain Closeup (For Reference) 
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Figure 41: Case 14 Sphere to Column Weld Region 
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Figure 42: Case 14 Brace Reaction Loads 
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8. CONCLUSIONS AND RECOMMENDATIONS

The current design of the sphere support structures do not meet code criteria for the design 

conditions per ASME VIII Div2 Part5 Design By Analysis.  Failing load cases 1 (global check from 

weight and pressure), 5 (global check for hydrotest conditions), and 6 (global check with new 

seismic loads). We recommend to modify the support structure as outlined in the reports in order 

to meet ASME VIII Div2 design by analysis criteria as shown in this report.  

It should be noted that passing the code criteria for seismic loading seeks to ensure that a collapse 

does not occur while significant yielding can take place. As such, if a significant seismic event 

were to occur a thorough inspection of the spheres should be conducted. It is recommended to 

make the modifications to the spheres as outlined in the reports. using angle iron for 2940 as this 

shape will be more efficient (weight and cost) than a large rod shape.  The recommended gusset 

modifications will make the connection stronger and redistribute the loads as required It is further 

recommended to perform a Fitness For Service (FFS) assessment per ASME FFS-1 / API 579 

considering the historical loading of the tanks. 

Increasing the number of bolts wouldn't be necessesary as the existing anchor bolts and bars 

provide a sufficient column base strenght to withstand the maximum lateral load at column bases. 

See Appendix 11.1  

Respectfully submitted, Approved, 

Yang Gao, Ph.D. Erik Howard, PE 

Senior Advisor Senior Consultant 

Specialty Engineering Group KnightHawk Engineering, Inc. 

 TX Registration – 101110 

TX Firm - 1720 
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9. Appendix A: Sphere and Component Characteristics 
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9.1. Sphere Characteristics 
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9.2. Column Characteristics 
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9.3. Bracing Characteristics 
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9.4. Modified Bracing Characteristics 
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10. Appendix B: Load Calculations 

10.1. Seismic Load Development Per UBC 97 
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Convective (sloshing) forces are assumed to be negligible based on research done on a similar 

application.7 

                                                

7 Fiore, A., Demartino, C., Greco, R. et al. Seismic performance of spherical liquid storage tanks: a case study. Int J 

Adv Struct Eng 10, 121130 (2018). https://doi.org/10.1007/s40091-018-0185-1 
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10.2. Wind Load Development Per ASCE 7-16 
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10.3. Hydrotest Load Development Per ASME VII Div1 
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11. Appendix C: Strength Checks 

11.1. Column Base Support (CBS) Shear Calculation 
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11.2. Brace to Gusset Connection Check  
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12. Appendix D: Modification Drawing 

• REFUERZO DE TIRANTES ESFERA GLP (1TK-2940):  

 YPFBR‐ING40‐MCE‐PS‐005_H1 

• VISTA EN PLANTA REFUERZO DE COLUMNA ESFERA GLP (1TK-2940):  

 YPFBR‐ING40‐MCE‐PS‐005_H2 

• VISTA EN ELEVACIÓN REFUERZO DE COLUMNA ESFERA GLP (1TK-2940):  

 YPFBR‐ING40‐MCE‐PS‐005_H3 
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13. Appendix E: welding procedure proposal 
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A qualified weld procedure (WPS) will have to be developed for the C channel and gussets as the 

section thicknesses are less than 20 mm (the gusset is 20mm but the column is less) per AWS 

D1.1. 

The welding contractor will be responsible for this. Both the gusset and “C” welds to the column 

have bevel welds with a reinforcement fillet Weld 

Note that these are the same welds in the original construction with the exception that we have 

now added a bevel weld to the gusset to get a good attachment to the existing gusset and to 

increase the weld resistant area. 

The weld resistant area is larger than the cross section of the column. This is sufficient as the 

FEA considered the joins to the columns to be only the thickness of the columns. 

 

 




