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• Risk-Informed Performance-Based (RIPB) seismic design for nuclear civil structures has its 
roots in the early 1990s

• PB seismic design for commercial structures also started in the early 1990s and is now 
routine 

• Number of commercial, mission-critical structures successfully designed and constructed 
using PB seismic standards is orders of magnitude greater than RIPB nuclear structures

• Commercial PB seismic design, construction and safety provisions were developed by 
prominent engineers in conjunction with academia, and have surpassed nuclear 
standards in many ways, particularly analyses methods, acceptance criteria, and QA/QC

• Compatible with ASCE 7, which addresses loadings and hazards other than seismic

• Foolish to ignore PB improvements in the commercial world

If you take away nothing else
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RIPB standards for commercial and nuclear civil structures
FEMA 273/274 (1992-1997)

FEMA 356 (2000)

4

ASCE 41-23

Kennedy & Short 1994

ASCE 43-19

ASCE 43-05

Many FEMA, NIST, 
PEER, EPRI. MCEER, 
... research reports, 
with associated 
updates of  codes 
and standard

Commercial Nuclear

Relatively few 
updates of 
nuclear 
standards

Sophistication of analyses, acceptance criteria, 
and quality provisions have diverged
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Nonlinear analysis routine for assessment of commercial structures 
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Achieving high quality: engineering

• Per commercial RIPB practice
• Mandate design peer review

• Continue on-site testing of materials

• On-site special inspections of key construction

• Mandate on-site structural observations by EoR

• Incorporate best material and construction quality standards 
from commercial ACI / AISC / ASCE standards

• Plan
• Demonstrate compliance of above with the intent of 

Appendix B to Part 50—Quality Assurance Criteria (all 18 
pieces)

F. Grant, SGH, 2024
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Achieving high quality: materials and concrete for example

• Concrete
• Cylinder test is primarily for quality control

• On-site testing

• 28-day compressive strength, fc, including Section 26.12.3.1, 

• ACI 214R-11, 1% probability less than fc

• Long-term, in-service strength between 130% and 150% of fc

• Conclusion: in-service strength will always exceed fc

• But is concrete strength important? Impact of a 25% cut?
• Shear strength of beams, columns, walls: insignificant

• Axial strength: insignificant. Richart addressed at UIUC (1930)

• Deformation capacity (Limit States A, B, and C): insignificant
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Achieving high quality: standards

• Non-nuclear civil standards?
• ASCE/SEI 7 and 41

• ACI 318, AISC 360 and 341

• Standards referenced therein, including ASTM

• Updated on 5- to 6-year cycles

• Non-nuclear standards deliver what?
• Limit State A through Limit State D

• Performance-based seismic design, since mid 1990s

• Nuclear standards ACI 349 and AISC N690 deliver what?
• Limit State D
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W. Robb Stewart (Alva) and DOE LPO, 2024

Right-size
Modernize
Achieve risk targets
Achieve cost targets
Achieve build times
Standardize
Achieve build target in GWe
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