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If you take away nothing else

* 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
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RIPB standards for commercial and nuclear civil structures

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

FEMA 273/274 (1992-1997)

FEDERAL EMERGENCY MANAGEMENT AGENCY

FEMA 273/ October 1557

FEDERAL BMERGENCY MANAGEMENT AGENCY

PRESTANDARD AND COMMENTARY FOR THE
SEISMIC REHABILITATION OF BUILDINGS

Seismic Evaluation
and Retrofit of
Existing Buildings

ASCE 41-23

Commercial

[THE
UILDINGS

Kennedy & Short 1994

FEMA 356 (2000)

UCRL-CR-111478

BASIS FOR SEISMIC PROVISIONS

BNL-52418

OF DOE-STD-1020 ASCE 43-05

Prepared

Robert C. K
RPK Structural Mechan| 4
and

Stephen A.
EQE Internati

Lawrence Livermore N
University of
Livermore, (

and

Brookhaven MNatiol
Upton, Ne

april 1 =

Sophistication of analyses, acceptance criteria,
and quality provisions have diverged

Seismic Design Criteria for
Structures, Systems, and
Components in

Nuclear Facilities

Nuclear
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Relatively few
updates of
nuclear
standards

ASCE 43-19



Nonlinear analysis routine for assessment of commercial structures

NIST GCR 10-917-9
NIST GCR 17-917-45

Recommended Applicability of Nonlinear
. Modeling Parameters Multiple-Degree-of-Freedom
and Acceptance Modeling for Design

c==  Criteria for Nonlinear
=« Analysis in Support of

Column End Mam

Supporting Documentation

0 0.05 o1
Chord Rotation & [rad]

Seismic Evaluation, - Seismic Evaluation
. NEHRP Consultants Joint Venture )
Retl'Oﬁt, an d DESlgll A Parmership of the Applied Technology Council and the and Retrofit of
Consortium of Universities for Research in Earthquake Engineering Existing Buildings

Applied Technology Council

This publication is available free of charge from:
hetps://doi.org/10.6028/ NIST.GCR.17-917-45

Narional Insirate of NIST

p Standards and Technology p . "
U.S. Department of Commerce Stand ':dm'onzl;"’:“"r of
andards and Technology

U.5. Department of Commerce
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Achieving high quality: engineering FX-

 Percommercial RIPB practice
* Mandate design peer review
* Continue on-site testing of materials
* On-site specialinspections 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)
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Achieving high quality: materials and concrete for example Ex

e (Concrete

Cylinder test is primarily for quality control

On-site testing

28-day compressive strength, f_, including Section 26.12.3.1,
* ACI214R-11, 1% probability less than f

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

Conclusion: in-service strength will always exceed f,

* Butis concrete strengthimportant? 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 Ex

* Non-nuclear civil standards?
« ASCE/SElI7 and 41
e ACI 318, AISC 360 and 341

» Standards referenced therein, including ASTM

Approved by the Committee on Specifications

* Updated on 5- to 6-year cycles

e Non-nuclear standards deliver what?

A3 | Smarter.
) : Stronger.
s’ | Steel.

* Limit State A through Limit State D

* Performance-based seismic design, since mid 1990s

* Nuclear standards ACI 349 and AISC N690 deliver what?
e LimitState D
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W. Robb Stewart (Alva) and DOE LPO, 2024
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