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An Application of Performance Geal Based Hethod
For the Pesign amd Evaluation of Structures

Thamas J. Conrads'

Abstract

FThis paper describec an application of tha U.5. Dapartseat of
Erergy's (DUE) performanca ganl bated melhod for the design and
evaluation of structures, systems, and cimponents (55Cs) at Fluor
Danie! Hanfard, Inc. (FOH). The philosophy on which 'y omethod 15
based nas been employed to comstruct & graded approach to the mindnus
structural design and evaluation criteris esed at the ML Hanford
Site that complies With the OOF Ordar 548028, Nfurs] Phenodand
Hazard: Mitigation. The FOH ztructural design and evaluation
criteria applies te both auclear and non-nuclear 55Cs Lhat are not
coverod by & raxctar safely analysis report.

Introduclion

In 19563, MOE {zsved Order 5484.28, which veflects 1tz pelicy to
desiagn, construct, and operate DOE facilittes so that workers, the
pubTde, and the envirenment are protected from natural phenomena
hazards (BPH}. Thiz erder also wndersceres DOE's intantion that a
raded approach be taken for the design znd evaluation oF an S50
ased an (s fsporlance Lo safety.  Thic weans that 35Cc required to
provide 3 mitigating {safaty} feature during an HPH event be designed
tg ensure the survival of that safety fezture, Horeower, such
deslgne that emsture the Function of the mitigating feature should be
accomplizhed in & graded fashion comeensurebte with tha 35(‘'s
imgorlance to safety.

dppligqtion of fhe Methodo) gy

In order to accomplish thiz geaded agproach to the structural
design of new 55Cs and the evalwatipn of existing 55z, DOE has
ado?te-d a pseudo probabilistic approach using target parformance
goals for different classes of SECs based on their importance o
safety. These performance goals (P} refleck an annya] probability
of exceeding acceptable behavior 1imits. Ilnherant 1n this design
procass gaverned by performance, ave the selection of loading, the
avatuation oF 550 response, the specification of acceptance criteria
and the assmptien of ductile detailing.

1 - .
Sfvnscry Engirmer, Ervclrormant, Sefaty L bealth, Mlusse Eanfel Hinlard, B0 doa 14,
Tizhlasd, W 92352
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OFf these slemants only the l1eading s probabilisticly based. Tha
athar steps in the design proces: représent classical detarministic
agpréaches to structural analysis,  The Following discusszion
describes how FDM haz implemented this cost-effective, graded
appreach bto design and correlated it te boeth the DOE safeby analysls
progess described in DOE Order 5480.22, Meclear Sefely Analpsis
Remarts and practices uiad by the commercial industry in the desldan
af hazardous and non-hazardaus S5C's.

DOE has specified five different performance categories (FC) to
describe the graded approach to structural dezign.  These, along with
the sppropriate performance geals (P), i.e., the probability o
excecding acceptable behayior 1imils, the annual harard excesdance
probabilithes, and the eisk reduction Tactors arg shown For the
seiseic hazard in Table 1. By the OOE prucess, the design basis
earthquake (DBE} 15 defined aL a tpecific hazard probabilivy (F,} and
the S50 iz evaluated For the DBE using & conservative acceptance
criteria.  To meet the target performance agdl) applicable for the 550
pecformence category, the acceptance (riteria myst intreduce an
additional veductien dn Ehe risk of unaeceptable perfornancs balow
the annual rizk of exceading Lhe DEE. The retle of the seismic
nazard exceedance probability (P}, to the performance goal
probabiTity P 5 dofiead a5 the visk raduction Fuctor By whers Ry =
Pyi®e-  The required degres of conservatism in the determinisktic
atceptance criteria 15 & function of the risk reduction ratie.

Tabla 1: “4eismic Performance Gocals b Specifiad
Seismic Hazard Probabilities

L Tarqen Skbawic saidalfc Halmrd Nink BaheLion
Fortormmnce Goals, P, Ercaatance ProbetlLity, B Tarin, £

13 a 13 LN

1 1ura? ¥ z

2 Srie s ® >

3 1s107% any - 5
gl ¥y gity?

5 ta1m"s 1111:1': . 0
T 124

! For sites [1he LAHE, sbpch are nesr becionlc plate boundaries .

FOO categary represents Vhat ¢lass a7 SSC that does not vequire
any censlderation Far sedzsmic Joading, 1.5.. thera ara no adversa
consequences from failure 35 3 resylt of & sefsmic avent. Wheveas
the perfermante goals for PO 5505 are consistent with godls of modal
building cedas for standard facilities, the performance geals for P2
$3Cs are 511gbt1y more conservative than Lhe goals af wedel bullding
godes For important or essential facilitios,  For selsmic dezign and
gvaluation, medel bullding codes utilize squivalent static force
metheds, except for very unmswal er irvegular facilitiss, For which a
dynamnic analysis mathod is employed. 1he performance geal for PC3
$807z 4z comsistent with (0E assential Facilitles and plutonium
handling facilities. The performance goal for PCY S3C"5 approach
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thit wsed for nuclear power plants. For these reasons, the DOE Order
and its standards specily seismic desian ind evaluation criteria for
PCl and PC? 5505 corresponding closely té mode] building codes, and
sgismic design and evaluation criteria for beth PCY and POA 55073 are
based on dynamic analyeis mathods consistent with those used fFor
similar noclear facilities,

S0 far, the discussion has focused on fundamentals used to
dafine the performance goal (P} the annual excesdance probability
{Py}, the Tisk reduction tactor (Pyy, and tha PC. The obyious
questinn 15 how does one establish the PC? Tables 2 and 3 are
excerpts Fram DOE Standard 1020-9% apd provide gualitative
descriptions of both the safety significance and the component damage
state expected for the varigus performance categories, ThereFore, a
key to tost-affeclive design is bta extabl ish an understanding of what
sefaty function i required of an 350 and what deszign features re
being relied upen to ensure these fealures are being preserved during
HPH eventas, DL i also necetsary 1o detemaine the contequencas of an
items Tallure s0 1t can ba ranked (PCL, PC2, ete.) according to 1tz
isportance to safety.

Now Ehat Lhe PC oof the 550 has been :stablished, 1t & ndcessary
to determine the quantitative hagard lewvel to which it should be
dezigned. A: teen from Tabla 1, thiz Tavsl iz directly propartional
to the exceedance probabidity Py, which is a result of & probabdlis-
bic hazard assessment. Realiting that th: inverse of F, 5 the
ankual hazavd vetuen period, tha zite: thit do nat hava' a noed to
cpnFine a hazard probably will ngt have styyctwres claszified as P03
or FC4, znd will not have to prepare prababiT1stic hazard assess-
menbs,  Thase sites can usa the Uniform Biilding Coda ke abtadn the
0 year retwurn pericd DBE For PEL and otoer wodel building codes For
the 1000 year return period TBE for PC 2.

For thege groanizatiens that Find it necassary Lo ensure a
confinement, whith 1z uwzwally associated with an of f-site
consaduence, a probabilistie seitmi¢ hakard curve will have to be
deywloped. The seismic hazard curve for Lhe Hanford Site 35 shown in
Figure 1. This Curve then provides the salsmic hazard for raturn
perisods assoclated with PO through PCA 53Cs for different locations
on the Hanford $tie,

Figure 2 depicts the process used by FOH to effect 3 graded
approdch for the design and #valuation of all §50s. This 15 FOH's
interpretation of the DOE policy to ensurs the workers amd public ars
protactad 3gainst the effect: of natural phenpmena. The First two
rons depict the hazard evaluatien process, which is Facillity based
and does mat drive design criteria, It does infleence the typa of
gafaty analysis required, the approval levels for the safety
analysis, and the rigor regquired of the suppertipg analyses, The
next three rows describing the safeiy apalysis, mission imporitance,
and cost iportands, are driver: which directly influence the
selectien of the PL, Omce the PC |2 khown, KPH design levels are
shtained from hatards curves and metheds for structora? evaluation
ard given in DOE Standard - 1020-94.

3 Conrads



The abdve process ylelds the necesszty Information that
anginmdrs can us2 to apply a graded spproach to the structural dezign
of 5505 having a broad spectrm of safety applications. Yet this
infarsation only provides one-half of the design eguatipn. Once the
praject establichez the functional design criterda and has identifiad
the design loads from the abava process, the other inforeation that
15 nesded for a u:nm;lﬂete design specification §s the set of codes and
standards ta be emplayed. These dictats the quality Tewal vequired
for the design.

Tabiag 4 i5 thg FOH proposed covrelabion between safely
clagsification and codas/standards for various components. For
Safety Class (5C) 5%Cs, it invokes codes and standards normally
resgrved For nuclear reactew applicatioms. For General Services
%4Ls, it dnvokes codes and standards associated with ztandard
commevcial practice. For the Safety Significant Category, ihe
divection is to emplay Lhe commercial preactice code and standard and
compliment it with previsiens of the nuctear industey codes and
standards that will enhance Lhe feature oF inkerest.

Somtnary,

The process deseribed sbove provides a graded approach to ihe
design and avaluation of 530 based on the DIE policy to protect
workers and public from the effects of NPH, It requires that the
anginesr makes a consclentious decision which 852 are fupartant From
a zafety, nission, and cost perspective, rank these appropriataly and
select the ipads, cpdes, and standards necessary Lo assure
functionality during and Following 3 natwral phenomany event. Thiz
process can also be extended to address a graded appreach to guality
assurance, survelllanca and in-service inipeclion, procuréasent, ek,

Experience to date has demonstrated the cost effectiveness of
suth an approach in that It eliminates redmdancy where it 15 not
needed, amd &1locates the appropriats leval of ratources For
designing 55Cs based on their importance to the project.

L Conrads



Tabla 2, "Structure, System, or Component (55C) WPH
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Figure |, *Henford Site Seismic Huzard Curves®
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Figure 2, 'sr!nt_'r and Plrfnmm:n Category Correlation”
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Table 4, “6uldance for Selecting Matiomai Codet and Standards
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