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Purpose of Presentation 

• Design vs. Analysis 

• Discuss the mesh criteria 

• Discuss the evolution of the mesh of the UPF 
main building model 

• Discuss how the mesh affects the analysis 
process 
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FEM Modeling 

• GTStrudl typically used for DOE projects. 

• Mesh size is important 

• What is to be captured? 

• How complex is the system? 

• Current criteria set to capture in-plane and 
out-of-plane response. 
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ASCE 4-98 Mesh Criteria 

• ASCE 4-98 
– Section 3.1.1.3.2: The finite element model shall produce 

responses that are not significantly affected by further 
refinement in the element size and shape. 

– Section C3.1.1.3.2: The selection of element sizes is essentially 
an exercise of engineering judgment, since the “true solution” 
to which the results can be compared is often not known.  Even 
though refinement of element sizes generally increases 
accuracy, continued refinement is often neither necessary nor 
practical.  In the absence of definitive guidelines, the 
requirement in Section 3.1.1.3.2 is considered sufficient.  
However, selection of mesh size and shape based on 
comparable past experience is also acceptable in lieu of multiple 
analyses using successively refined mesh.   
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Criteria 

• ASCE 4-98 

– Section 3.1.1.1: When significant coupling exists 
between horizontal and vertical structural responses, 
one combined analytical model (a three-dimensional 
model) shall be used for the seismic response analysis.  
Otherwise, separate analytical models for horizontal 
and vertical excitations may be used.   

 A 3-D model is essentially required, at least initially, 
just to justify coupling is not “significant.”  This results 
in a larger analysis model. 

October 25, 2011 5 
Department of Energy - Natural 
Phenomenon Hazard Workshop 



UPF Mesh Criteria  
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3. 



UPF Analysis Procedure 

• GTStrudl Software, Version 32 

• Dynamic Analysis 

• 1-step solution 

• Element Type 

• Due to rock/concrete base, SSI results are 
negligible, so fixed base model intended to 
develop ISRS rather than a SASSI model. 
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Background 
 

• DOE Project #1 
– 10’-15’ Element size  judged to be overly coarse for 

the complexity of the building  
– Final mesh added significantly more nodes and 

elements (1 element  9 elements) 
– Changed from GTStrudl to SAP 2000. 
– Linear elastic computer model 

• DOE Project #2 
– 15’-20’ element size deemed adequate as the building 

geometry was rather straightforward.   
– Linear dynamic computer model 
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UPF Main Building and Model 
Description 

• UPF Main Building Footprint: 476 ft x 330 ft 

• Perimeter and Interior Concrete Shear Walls 

• Initially 2 floors and Steel Gravity Mezzanine 

• Developed original “Coarse Model” 

• Mezzanine became the “Second Floor” 

• Refined mesh to 4 wall elements per story  
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Ground Floor Plan 

Interior Wall Elevation 



• Progression of Mesh  “Coarse Mesh” with 
“Tuning Fork” model 

 

 

 

 

• Final Mesh 
• Mesh was originally nominally 10 ft x 10 ft 

• Due to inclusion of 2nd Process Floor, mesh size was changed to 
nominal 10 ft x 5 ft to have 4 elements between floor levels 

 

UPF Finite Element Mesh 
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Utility Level 

Roof Level 

Links at 6 FT OC 

Upper Wall 

Double Walls 

with Gravel Fill 



UPF Finite Element Mesh 
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“Coarse Mesh” 

“Final Mesh” 



UPF Mesh Study 
• Wall In-plane study 

October 25, 2011 
Department of Energy - Natural 
Phenomenon Hazard Workshop 

12 

Design Mesh 

Mesh used for 
Mesh Study 

Contour Plot of the Governing In-Plane Shear Demands 



UPF Mesh Study 
• Wall out-of-plane study 
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Contour Plot of the Governing Out-of-Plane Bending Demands 



UPF Main Building Model 

• Size of Model 
– Original Model - “Coarse Mesh” -   11040 Nodes 
– Final Model – “Final Mesh” –  28994 Nodes 

• # of Modes 
– Original Model  

• 500 modes in each orthogonal direction 
• Results were combined using SRSS 

– Final Model – 7000 modes in all directions simultaneously  

• Computer Requirements and Processing Time 
–  Original Model – Approximately 1.5 hours for each direction (4.5 

hours total) with 16 GB RAM 
– Final Model: 

• Approximately 116 hours with 48 GB RAM 
• Required GTStrudl Version 32 
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Focus on the Process 

• Know the building’s geometry 

• Know the material properties of members 

• Given seismic input spectra  many unknowns, 
considerable judgment, much uncertainty, 
undoubtedly conservative 

• SSI analysis – shale/concrete base 

• Elastic analysis and design – considerable elastic 
margin and inelastic response capability 

• Primary response vs. secondary response 

October 25, 2011 
Department of Energy - Natural 
Phenomenon Hazard Workshop 

15 



Design vs. Analysis  
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N 

7.0% 
 7.6% 

7.5% 
 7.4% 

20.3% 
 22.2% 

26.3% 
 26.5% 

21.5% 
 20.7% 

9.0% 
 7.6% 

8.5% 
 7.9% 

• Note that the changes are principally due to changes in the building configuration 
between the earlier design and the final design, and not because of mesh changes. 

North-South Running Walls – Base Shear Distribution 
• Black % - Original “Coarse” Mesh (~10’ x 10’ Mesh) 
• Red % - Final Accepted Mesh 
 
  



Conclusions 

• A Universal Mesh Criteria should not be required 
– Initial Mesh was adequate for Design. 
– Final mesh and associated studies were required for 

the Analysis to justify the Design, Peer Review, etc. 

• Static Analysis vs. Dynamic Analysis 
– Dynamic Analysis more accurate but more 

computationally complex 
– Static Analysis is simpler but perhaps too conservative 

• The advantage of the large 3-D Model is that ISRS 
can be developed. 
– SASSI model for ISRS is usually much coarser 
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