
PPPL Calculation Form  
 

Calculation #  NSTXU-CALC-12-14-00 Revision # 0 ___  WP #, if any 2320 
 (ENG-032) 

 
Purpose of Calculation: (Define why the calculation is being performed.) 
 

Justification of Seismic Design Loads for E-DC11130, NSTX-U Casing Trial Asm Tool Fixture 
 
Codes and versions: (List all codes, if any, used) 
 

DOE-STD-1020-2016 references ASCE-7, which is used to determine Seismic Loads 
 
References (List any source of design information including computer program titles and revision levels.) 
 

See attached 
 
Assumptions (Identify all assumptions made as part of this calculation.) 

 
See attached 

 
Calculation (Calculation is either documented here or attached) 
 

See attached 
 
Conclusion (Specify whether or not the purpose of the calculation was accomplished.) 
 

The Seismic Loads for the Casing Trial Asm Tool Fixture, per ASCE-7 are the superposition of: 
• “Normal Operating Loads” = Clamping Force from hold down studs 
• 285 lbf of equivalent horizontal force, in the worst direction, at center of mass 
• The worst case of either 100% Deadload or 60% Deadload 
• Vertical load, applied in the worst direction, of 113 lbf 

 
Resonance with the earthquake frequencies must be avoided.  This should be done by 
modification of the system fundamental frequency through judicial design of support stiffness. 
These supports are necessary if the Casing is left installed, but not while active work is ongoing.  
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Purpose 
• It is desired to move forward with fabrication of components E-DC11130, NSTX-U 

Casing Trial Asm Tool Fixture 
• These components will be used for a trial assembly and alignment of the NSTX-U CS Casing 

on the TF/OH Bundle 
• The TF/OH Bundle will be standing in the Swing Fixture, E-DC1740, in the NSTX South High 

Bay 
 

• A related calculation, NSTXU-CALC-12-13 qualified the stress analysis of this fixture 
under the assumption of superimposed [Normal Operating Loads] + [“Off Normal” 
Forces] 
• [Operational Loads] = weight of components + clamping force from studs 
• [“Off Normal”]  = 1000 lbf, applied horizontally in the worst direction, 
      at the center of mass of the casing (33% of weight) 
 

• Concerns were raised during the recently completed final design review regarding 
whether or not the side load was sufficient to represent seismic loading 
• A site wide engineering department standard regarding Seismic Design Criteria is currently 

being drafting, but not yet approved. 
• This calculation documents the actual Seismic Requirements for this type of equipment at 

PPPL, per governing code, to provide justification  of the assumed loads while release of 
the site wide standard is pending 

 
 
 
 
 

 
 



3 Mardenfeld 2018-05-02      NSTXU-CALC-12-14-00 

References 
• Drawing E-DC11130 

• NSTX-U Casing Trial Asm Tool Fixture 
Field Setup 

• NSTXU-CALC-12-13 
• Structural Qualification of E-

DC11130, NSTX-U Casing Trial Asm 
Tool Fixture 
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Summary of Conclusions 
• DOE Standard 1020 refers to ASCE 7 as the governing code for 

seismic qualifications of facilities like NSTX-U 
• Fixtures like the Trial Fit Assembly Tooling can be classified as 

nonbuilding structures, not similar to buildings, supported by other 
structures, weighing less than 25% of the combined seismic mass 

• The Seismic Design Earthquake Loads for the Tooling Fixture are: 
• 285 lbf of horizontal side load, at the center of mass of the [Tooling Fixtures + Casing] 

system 
• 113 lbf of vertical load, applied in the worst direction 

• The load combinations that must be sustained are: 
• 70% of the Seismic Load + 100% of the normal operating loads + 100% Dead Weight 
• 70% of the Seismic Load + 100% of the normal operating loads + 60%  Dead Weight 

• Resonance with the earthquake frequencies must be avoided 
• This can be done by modifying the connection of the Casing to Swing Fixture to 

increase lateral stiffness, e.g., through threaded rods or shims, etc.  
• These bolstering lateral supports are necessary if the Casing is left installed on the 

Tooling Fixtures for more than a day or so, but they are not needed while active work 
is ongoing 
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Contents 
• Requirements Traceability 
• Site Characteristics 
• Application of ASCE-7: Equivalent Static Force 
• Application of ASCE-7: Vertical Force and Deflection 
• Application of ASCE-7: Dynamic Response 
• Application of ASCE-7: Load Combinations 
• Conclusion 
• Appendix 
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Requirements Traceability 
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Requirements Traceability 
• DOE-STD-1020-2016, Natural Phenomena Hazards Analysis 

and Design Criteria for DOE Facilities is the governing order 
for seismic hazards at non-nuclear DOE facilities. 
• References IBC-2015 (International Building Code) for Seismic Design 
 

• IBC-2015 references ASCE-7 
• American Society for Civil Engineers, Standard on Minimum Design 

Loads for Buildings and Other Structures 
 

 
• This presentation uses ASCE 7-10 (2010) 

• Although there is a newer version of the code (ASCE 7-16 2016), the 
state of NJ has not yet adopted the new version.  PPPL facilities, as a 
rule of thumb, follows the codes versions as adopted by NJ. 

 

https://www.standards.doe.gov/standards-documents/1000/1020-astd-2016/@@images/file
https://codes.iccsafe.org/public/document/IBC2015/chapter-16-structural-design
https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/dd_jardins/DDJ-148%20ASCE%207-10.pdf
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DOE-STD-1020-2016 references IBC-2015 
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IBC 2015 References ASCE 7 
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Site Characteristics 
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Site Soil Classification and Building Risk Category 

• This presentation makes conservative assumptions, 
because they do not affect the acceptability of the 
Tooling Fixture Components 

• This is should not be interpreted to mean that the 
loads in this document are necessarily required for 
other equipment 

• Assume 
• Building Risk Category is IV, because it is most 

conservative and D-Site is designated as an emergency 
shelter 

• Assume Site Soil Class is C, because a question was 
raised regarding whether B or C is more appropriate, 
and C is the more burdensome requirement 
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• Conservatively assume D-Site 
Experimental Areas are Risk 
Category IV 

• Conservatively assume Soil 
Class is “C”, even though it 
might be “B” 

Site Soil Classification and Building Risk Category 

Basement 
elevation is 
78’ 
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Seismic Design Parameters per ASCE 7 

ASCE 7 provides detailed guidance on how to apply these numbers 
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Application of ASCE-7 to the 
 Trial Assembly Tooling Fixtures 

Equivalent Static Horizontal Force 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass  

• Use Chapter 13 to 
compute design seismic 
design forces 
 

• Use constants defined per 
Chapter 13 if applicable, 
else use constants per 
Chapter 15 

 
• The Trial Fit Tooling 

Fixtures fit in this category 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Equation  
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Ip = 1.0 

Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Ip Constant 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Elevation Compensation 

Z=0 is taken as the grade level. 
Subgrade components are also taken Z=0 
 
Since the Tooling Fixtures are mounted on the 
NSTX-U TC floor, Z=0 and: 
[1+2(z/h)] = 1  
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• Sds value taken from previous slide 
• Sds = 0.189g 

Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Sds 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Ap 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Ap 

1000 lbf 

• Since Tp > 0.06 seconds, this is a “flexibly 
mounted component” 

• So Ap = 2.5 
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Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  R 

• R = 2.0 
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Results 

• Ap  = 2.5 
• Sds  = .189 
• Rp   = 2.0 
• Ip  = 1.0 
• (1+2z/h) = 1.0 

So Fp = 0.095*mg 
  = 0.095*3000 lbf 
  = 285lbf 

Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass: 
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Application of ASCE-7 to the 
 Trial Assembly Tooling Fixtures 

Equivalent Vertical Force and 
Limits on Deflection 
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• There is also a vertical load and displacement criteria 
which need to be simultaneously applied 

Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Vertical Load 

So for the Trial Fit Tooling Fixtures: 
Fv = 0.2*Sds*mg 
 = 0.2*.189*3000 
 =  113 lbf 



26 Mardenfeld 2018-05-02      NSTXU-CALC-12-14-00 

• There is also a vertical load and displacement criteria 
which need to be simultaneously applied 

Nonbuilding Structures 
not similar to structures, supported by other structures, less than 25% mass:  Displacement Criteria 

• This is not relevant 
for a component like 
the Trial Fit Tooling, 
which connects to the 
building (floor) at the 
same height for all 
points 
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Application of ASCE-7 to the 
 Trial Assembly Tooling Fixtures 

Check of Dynamic Response 
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Nonbuilding Structures
not similar to structures, supported by other structures, less than 25% mass:  Dynamic Effects

• The fundamental frequency of the tooling fixture 
structure is close to the Earthquake dominant 
frequency
• This isn’t acceptable
• The plan to install shims between the top of the Casing and 

the TF Bundle is needed to change the effective stiffness 
and avoid resonance
• The dominant stiffness will be compression of the blocks, rather 

than bending of the studs – expect a large increase in stiffness

Shims: Concept Only
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Application of ASCE-7 to the 
 Trial Assembly Tooling Fixtures 

Load Combinations 
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Load Combinations described within ASCE 7 

When using Allowable Stress Design, only a fraction of the Earthquake Load shall be used in combination with other 
types of loads. 
 
Load Cases 5 & 8 are the most applicable to PPPL Experimental Equipment like the Trial Fit Tooling: 
• 70% of Earthquake Load superimposed with 
• 100% of Stud Clamping Forcer 
• Worst case of 60% or 100% of Dead Load 
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Conclusions 
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Summary of Conclusions 
• DOE Standard 1020 refers to ASCE 7 as the governing code for 

seismic qualifications of facilities like NSTX-U 
• Fixtures like the Trial Fit Assembly Tooling can be classified as 

nonbuilding structures, not similar to buildings, supported by other 
structures, weighing less than 25% of the combined seismic mass 

• The Seismic Design Earthquake Loads for the Tooling Fixture are: 
• 285 lbf of horizontal side load, at the center of mass of the [Tooling Fixtures + Casing] 

system 
• 113 lbf of vertical load, applied in the worst direction 

• The load combinations that must be sustained are: 
• 70% of the Seismic Load + 100% of the normal operating loads + 100% Dead Weight 
• 70% of the Seismic Load + 100% of the normal operating loads + 60%  Dead Weight 

• Resonance with the earthquake frequencies must be avoided 
• This can be done by modifying the connection of the Casing to Swing Fixture to 

increase lateral stiffness, e.g., through threaded rods or shims, etc.  
• These bolstering lateral supports are necessary if the Casing is left installed on the 

Tooling Fixtures for more than a day or so, but they are not needed while active work 
is ongoing 
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Appendix 
Comparison to SLAC Seismic Standard 
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Comparison to SLAC Seismic Design Guidance 

• We can use comparison as a “sanity” check 
• Design loads for simplified procedures are 

proportional to Sds 
• PPPL has Sds between 9.5% and 13.0% of SLAC  

• 0.189/2.000 = 0.0945,        0.189/1.457 = 0.0129 

• So PPPL should have design accelerations for 
experimental equipment between 0.066g and 0.130g 
• 0.0945*.70 = .066,         0.0130*1.0= 0.013 
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