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Development of Performance-Based Seismic Design in U.S_A.
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ABSTRACT

The objective of this paper is to review the current state of practice in the seismic
codes in the U.S.A. and to investigate its trend in the development of
performance-based seismic design for the 2lst century. This study is supposed to be
eventually utilized as a basis material to establish the new seismic code appropriate
in our country having the moderate seismic hazard. To do this, the history of the
seismic codes in U.S.A. is first briefly investigated and then the critical review on
the recent codes is made. Finally, the conceptua! framework of the performance-based
seismic design and the development of the guideline documents to implement this to the
rehabilitation of existing building structures are introduced.
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« International Conference of Building Officials(ICB0)2] Uniform Building Code (UBC)'*
« Building Officials and Code Administrators (BOCA)2} National Building Code (NBC)?
- Southern Building Code Congress International(SBCCI}¢] Standard Building Code {SBC)*

WAAAL BAE Fo7|Bole ol dF¥ A olgox Applied Technology Council
(ATC)sNBQ—} American Society of Civil Engineers (ASCE)®, Structural Engineers Association of
California (SEACC)'™'!, Building Seismic Safety Council (BSSC)!*™**, National Institute of
Standards and Technology (NIST), National Earthquake Hazard Reduction Program& A&}
Federal Emergency Management Agency (FEMA) Zo] ¢lom, o]a8igt X FF 4 TFENHEL A
2 UAY HAE Wi rh UBCE FE ulF AFA Yol AHEEH, SEAC &<tz WAL
TAE W3 UAst gri. NBCE njF FFA|Golq F2 AMSEH, NEHRP FE¢d 2AE F
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+ ATC2] Tentative Provisions for the Development of Seismic Regulations for Buildings
(ATC-3-06)°

« ASCE®] Minimum Design Loads for Buildings and Other Structures (ASCE-7)°

« SEAOC2] Recommended Lateral Force Requirements and Commentary (Blue Book)

+ BSSC2] NEHRP Recommended Provisions for the Development of Seismic Regulations for
New Buildings (NEHRP Provision)'
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3171 93l vladel &8AF xfchel ATCZF A= gt 1974 Blue Book2 ml5 WfXst&EolA=
oo Hu Azt Aarsbsiglrt. 1977 o]l National Earthquake Hazards Reduction Program
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Blue Booko| Al R =A4E Alg3lA HASIES /715 de A tzE ol&rh
19856l BSSCE HITHQ FEZ AMRsl7] 913 B2 08 NEHRP J-&erie wlstd =g, o
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di= 87RF 7t Hol] Ur}l. 1994l BOCA, ICBO % SBCCl:= 2% 0% International
Building Code Congress(IBCC)E& F443lgom, 1995\ o= NBC, SBC, UBC F2& thilsly
International Building Code(1BC)E 2000¢f wzislr| = 3tojsigict, ol QA wid AE
o] BE oo YA FLH Zoe= o™t 1997d UBCE HESHHAR Ry A=
AAYeR AR/To TN oM o uish A wepHod,

2219 A9=(near source factor

No, NS A E/ARE Ax(e)F B7H] AE2L 7ide] =d=adct
¥ 1. 0 yAFEe] ¥
HE S21AHg
1927 [UBC] X gz (PCBOC)
N Long Beach Xial w4 (WeiZHoh B
1933 [Ritey ACt] V = 2% Wrora,for bildings in Calfornia
[City of Los Angeles] V=8%(Wa + W) — -
V=8~16%(Wy +50% W..) for zone 3
XA X F= £Q
_____ 1935 (UBCl e Z=1,2 4inzone 1,2 3 R
V=34~13% W,, depending on N
1943 {City of Los Angeles] o= 06
Hese Y 8¢ 14 T N+45
N _: number of stories (<13 stories)
0157
1949 [UBCI C=x% I
\osp | IASCE + SEAOC] c=4
Baig-Fo| AN HE M2 K = 0.015 for puildings and 0.025 for other structures
1957 ISEAQC) Wl TR 20 M
V=KCW
= K = 133(bearing wall), 0.80(duai system),
[SEAOC]  Blue Book ZE "
1959 ARAAY M4 EHE T (KAL) 0.67(moment-resiting frame), 1.00(cthers)
C= —Q‘y%: deflne the shape of design response ?pectrum
190 | IsEaoc] _commentary % @2t oo e oo —e—ae—ee—e e
[ _ V= ZKCW
1961 1uBCl 1959 Blue B°°k.f_‘?=' _________ Z =025050, 10inzone 1,23
HIZAE NI X0l 3t AATE HA|
Hep 1@ MetHIol it sAAY MA
1966 [SEAQC] HaZasle oddeM 29 Ho7| S MEE Al KA
Fx BIUE YA WY HHATFE HED MA
1971 San Femang0 KU B
V= ZIKCSW
1974 [SEAOC] @ Mt xz Hs c=
VT
{UBC] xeARSI2 FREASD 2 | L v e
V= ZIKCSW (V=2~18% )
_____ 1976 1974 Blue Bookel B SIHI® g (V=2 i8% W
 cwe L2AsS
1978 | [ATC) ATC-3-06 W2t ( RHF £9) V= CW= —pr
1985 | [BSSCI NEHRP Wzt @ [
= ZIC . 1.28ZIS
V= Sl w= R0 w
{SEAQCI] ATC-3-062 1985 NEHRP +& e R,
1988 Z =02 ~ 04 in Calforna
[UBCI HE 70% /[ ATC-3-06 =8 Ve 2IC y
(R& Tt g, ¢ R,
1989 Loma Priela Rl B
Northridge XXl a4
V=CW
1994
[NEHRP] 1991 NEHRP CH# d 1.2C, 2.5C,
CTRTT SR
1997 | (UBC]  ZE WAYSE WY v Sy




3. AR vl YALA & EAH

ol ol A 1994 UBC} NEHRP +E¢t ol A=Ysle] AL&3ta ol d AAME FoAY
R P28t 2 EAES AERIE Pt

2] A A 3] (Earthquake Hazard)

2o o3 AHFREFo WAHE + e FANHA Mol AW F(shaking), wHEup
(fault rupture), A]¥}2-F](ground failure), YAr3Hliquefaction), F-H2&}, 2balel], @l 2uf
o] (tsunamis) M= Alo]F](seiches) Fol olom, 2FE A&yt zshel oJaiy dujs) g
2o BAA EAE 2y 4+ dJoe EF3 tfFE2Y WIHAFENME AUl o
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el i M= ST BAHE JHA ol i, AY 9 AAZF A ol§ EBstA zesiof 3ir)

2] A2} 3] 32 (Seismic Hazard Analysis)

AAA o] 3l s AAE 58S BABH] S8l 2 zizafs) sidE 330, 2)3)3)
A ZAUE SHAHEHSE vehdct o]yt MA SHAYMEY Aol dutFgog 471x] 7|
H(EE 2¥MEY, 2¥Eeyd SPAE, ¥EEF A 344, FFE AR 3§y )o] 2}
£, olg¥ MY APFAF HFuUAN T2 I tiyt A E BARICE Ty, A
2 AR FEIH o= FE udy SEE Bch weld Y Moz : IXE
o] viMy el 4L & 4 AU ANEEY F8% 544 A EA|ZHduration)Z} FEAH
S48 BARSEA] R3ict,

=B ¥ (Performance Objectives)

BeEEE o AT BER] FAHTE F, derfos FAAF, UH
bH, BIYA Fol slen, Az FHols MHAAR2} Hojrts A W(npaximum capable
earthquake) o] Ut} 1994 UBCOlA = AES ¢ty AEF Fo AERZ FTESIL glon,
dutE el Ago] iy YeHEE QYo 22 W v]pRa|e] &4 =], QFAA A3t
Al vz &4 & W F2A &44UA], QEARRAAN ArH A TR &4 FHE(AEet
A B3, @Fists 2 Aof oizt FWRjoirt, TU} ol Yt Aol rida} Y EAAE
< WESt2 glrh Az, 3zt Fxlo] A o=T FAHEC QA ot Exl, AAR A cfst
A tde] 2EE Fo2H, 32 53 9 Huirts x| Uit dso] EAHIAEAE AE
L= A5t AR gdony, Fo utdE ol HHBIEE whEA|AUr} dldels 41zl
ZA A £4& 28 £ vl E3 BCHINE F8E A 1)E AHste] T2 ZRE )it
2 AAHE FAHSIL oL, FaEAS Jio] Eusta ¢l

UAEx A 282 13

ofEd S Adl Y 45 HRY 5 ot FRALES Ao Atk A,
Af=E olFAAH tE HA FEE B3 BHA LR A UF otk HFEE I}
A UWAEE Al2fe] AAFoR AT fdMe, AadE FE3T de 43 YAIRE
o AriH Fx(strength)et 7 (stiffness)oll thet AYFHEE Folof el VY HAA
T B BN F2REZ BY Ex vFP2E AP TES st dod, BHAHMS
TRst AN %S ABRAFORA vIAY FRES HANEE 7R ASE, uFHo
i FFAA A7t o] FoiRA] ¢ka 9lch
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w8+ A4 (Response Modification Factors)

19574 ol ¥ 2 ujFoE WELAALE A8 7MA] el A Agste] gom, R
A4 1978'd ATC 3-060 4 o2 AvViEdct 25 #38Y dF Azl g2} ol 2713
o] Edol 7|t A#fE UBC W NEHRP F-F¢te] wr+RASF T8I zkAg Algldo] oyt
o Fel, Exfie o3 FRALFSY RE Q40 thsir TUY RIS AHE3IE Slthe Aol
o},

Ztol 34 (Simplified Analysis Produres)

¥]4d8 siqef o3t Rt Fyt siayo] MU 9oy, MY sjayo] ke Aoz
ojF WXAA & $2% FE2E Wob al& Zlojth. UBCY NEHRP &<tz & d3 y3
AANA AABI s B3 kg JH & WAL A AP ofe & eivbd $HE o
Ehd o2 s 2 Ajagle oigiA ghgstEol 2y s HE ALctE Mot w3
olE FEL EF $HE oy WAFE A4 HE 3A ALBIIEIT Qlgol dFA
BHATH, &, /B AFF7E JAENTOTH AW gAATH S Ho)2 s 9o}
olFA HoTHN HIAE HAB U= ZH¥ro] Alrh

FEeLe] 2]

Frese] REUYS AAHAM EHAG] AU £ U T dojch. NS s 9
A dARNE FRES HAAY B3 24 BYE FUY £ s AL 29S AHAE
of Trh FIA BRF I ERAPLOR UM siMZAY gl A Q% vjds Adg
o= &3sta, WYFEdsde A £33 2d /el E8E & 4 e Aol AY F
olA =] drh.
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Z12E EE UWAZE A2gleA U4 27T 2490® 81813, AAAlN A B
HE& WA Zsla glvh W% 712 AdAlMe Aol FUY AEE 4 sl e ot
I 7Vgsta, A2 a4 RS Y 'Y siNste Al AL FY) ARG AU E
Z1ze] SMAE Zsta drh B8 WAFEY ozt 727 AN PEAFIEE sh=
o gleh vl @3 AAYE AHEsle Y HerES HEY 4 ASA usidEe g
4 gich

v 2040 47

2R oz ep R Zhafejel T2 njFx: e FREL A SUMEAY AHE FZ
T FE 3t dutdow ozt iRz 940 FREM Wiy dye] FAHA Nt}
EZ H[FE adE Z P4 AdFGH HAY S & F doed, A& E dAXNA
Al Fz2 EF2 FEF e AN SHYA] 2P Fo2HA olF FE3 e Ux
oct.

(e

Y= (Risk) 2} 412 =(Reliability)

Y WA= 2 Hgol tgasivte AL 7R glovl, S EAHE AUAA
SHYLEN w2 FAEe]l WA Holch AWstE, FHY U F2F BHL BF ¥F
25 A& v gleng, el HAE A ol&2 A ool TAStY AR
of ¥l HFE+ SA(loss)ofl thEt & (exposure)Z FojHri. AFAHU FRIZ AU £
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de EE UAFEE Lty e 89 “UF Y A8 (uniform hazard)”7} obd “QA T
2] = (uniform risk)”ol} 7]23]o} 3ic},

4. A JAFEe] Ad

4.1 wi7
FH7] ZRtelA 1970di7bx] ] A dAE FE ¥ Conceptual Framework
7 B3 Jidel ZASt] siwdEo] Sith 1970 i (Vision 2000)
ATC 3-06 ZRAEL 2 Fote] dF A @ wAAR [
= BEASHA Fejste], W FEY AN WS A Guidelines
Algteder. gl 1989 Loma Prieta =22} 1994y (FEMA 273 / ATG-40)
Northridge =% & o] Rzl 23t mirigt ZH=H |
£4= o3 & o FUSL JENEY e 2 4 Code Provision
UEE AMHE R dAAZH b e Ao tfFE gt (Future Performance Based Design Code)

2] WX AFES B Ssids 4 2 g a1 XA YARE "
< BHI A "est oloen, EF olE Mg

AFE AAll vt2 A E3P7)of UM =713 PdARAML AEAM7L 2 7H) ol8gt X AME=
FFHLZ M) WHMEA FELE ojojA BAH Holtl 1Y 1).

AE 7hett A Bes R3] sia Uiz dA /HdS g gsiol & "WaAo] =7l
ut2}, SEAOCE 1992def Vision 2000 $|¢3E ZAA st Hsol 7123t 23} (Perforannce-Based
Engineering @ PBE)Z 70str] A)z}slglom, 19956 Vision 2000 R2AUE wizksiAl =
th o] RaMEe 47) HEOZ o]Fojx 9lon, Part 2 Conceptual FrameworkolA Alisof 7%
g gl cidt dE AASIR Al EF ol F&3le] ATC-33 TEMEZ FEMA 2730)
igEgon, of A= FEMAL] =& wlol ATColl &J3]A 19970l NEHRP Guideline®. &
ZEglen, BSSColA HAHQA =2 HelE $Astarh. FEMA 273 ol9JolE o] gt A7)
ub2 = ATC 40%0] 9t}

& =TollA Vision 2000014 £7433 QlE ol 7123 u2Ee] 71E sHdal FEMA
2738] F8 BXof cfsiA dHEIZ i)

4.2 SEAOC Vision 2000"
ol 712 UA FEL thg3t o] dAXtsd YIRS S 1A 2RES AAlEY &
TEE Y BE FobE FuelRith g 2).

8% BF oY Herdad AAWHEEL A2 d¥AA FAYoEN HSEEI) 2
Ao, Vision 20000}r+= ©olE Basic Objective, Essential/Hazardous Objective ol
Safety Critical Objective?] 3718 HAMSEZ(IY 3)¢} 34 4= H(Enhanced
Objective)® & 23}t

<= APE L AAAPNEE - U BE ADASIE 2este Aok 2B
thgt A3d ARE BAUCE £33 AA AeE $£28 AR}

- A AEAAL oAuEA, HFHEA L FHRR AES UL AEMAAN AA
o] F8 WyZHAo] o|FoiAn, ou|dAME JE2} AWAHN TASIY 240 T
& ZF Tl HFAAAME H¥E RE HHERE 133, SYHAYL 2L
BHAE ARYUTE Z A dA o] Fol B BEo| wiel F3Y JES whEsi=x] #al



ok dAgols ZH 4AN, H9 4

Ad, oluxl AN, Y9 WAE D a—
AAY, TesE s dAN, U A% [ax s 2 wanuzs v |
Al Aol girh siAHeE TN wi,
W @A A% e A H(Linear ™ Fzusw 2 wwaw
Static Procedure : LSP), BSYAHEZ
sy, L FH Aziely siayge] ch &/\
SEARE 0 PESIR MA AEY ATE =
4 HZo] EPSM, ol Aol 72y
Zatol ] HbEA] S¥E ofob Pl aruet el
CARE g T dsol 712y BEL o
AxEe 233 A FAHE el ohy »
th ¥, W47 debd Reln, 2
B Alg4me] AHAN PFZEL A, e
P4 2 gxo] Uy N&H Bt 2
Fh,
o) aol A Aol 712 WAFH sidel of E—ﬁ*ﬁ*—d—iﬂ

jA 7Zrers] AlmjEelom, Vision 2000& o)]&} Ltff:j’aawnxfmsgea

oE Aol 712g yaBI TP WL B

ARES $&3ta rt. ol#F AFAIt] ] j:*“““’“"j

zo| e, Vision 20002 The3 2 o)E BN

7HiTt a3 2.PBES] Uiy wyE
<A AHE ohd AHEY £ e 43 e e oue
-1_‘61_/'7:.2,5. ;gg] f— | . Unacce-ptsbI'
CEOE AIRY 4k gAY AFAH 3 ewm NN | [Sortormance!
Y dA+E B
.oy €58 711 ABE usiy g3y 7 ]
A AEY 4 e Y5EE B g
Sy HeR Jle B HAME A8siel §
QA ALY 4+ U= TR Wy A —

ot
ag 3. A%Eo] Uit dsEE
4.3 FEMA 273"

FEMA 2732 7|2 ZAE2Q] W iﬁ“—-i%‘tﬂl thslA AR Jled kg R A
22 ALY 4 gl: A AHBTS FL FEE Al o] AHAME 19783 ATC-3-060] 47§H ol
F2 A7y Bope] HA & %}%101] 713 2 3L stgen, o] XMl AEA AAMH
Exlo] il ¥R 2 Pt

A ds5E L SR

o] AAMNE H54E H5EEE Bstn A=Y Pod HEY 5 UAEE IFT A
Ad e H2E AT Atk 4 BeeEd FAYA, AWSH, FAAF, U ST



& Bejsin glow, olF Aolo] AT WA Al 24 Y5uAE BT Aok ®
B 7t 4E4Ee P2 A5ET HITE HSFELE oFolA gon, oY HIWE A4
o URFEel ot BEg HeErh AWHolA PV Ut Hi HERIS JRIUERE
(Basic Safety Objective: BSO)ojt}. ZEo] 27§ 7|&& wh&dY uf BSOE WA 4+ ork T
BRI A-1(BSE-1 ¢ AYF7) 4750244 AFRA JerEe TR U WFRG AS
Hojo] lshx AHTH @71 BQAAT-2 (BSE-2 ¢ AWRT] 25004) %A B H5SE

FaAe AFAole] faiA YAHCTH NS AZE Al AR olelg JBIHFE

g H&Y + sUrh

Ny, B7pgd € AAY
U B .27 A8 AL HdAE slsiM A8 B4, A8 53, =ld® B3, 6lAd

SHsEe AN YTk A AAES AEA AAY Wel AYAA YT Hgo] &
om, Hy A YL oln] AolA dFsich HAE A AP Aol AV
sAdgos ek uANYS A8l WS ARUTh wAY BH A4S w4y Aol

3

g Moz dex gloen, ¢ Wy F b FUE s folct. dnbFog AWy JiYy
(pushover analysis)2 2 a2 v]dy FHNHL MdA FHrlo 713 wol A1&HE sl
th AHA 2EPE vy ASS d¥AFLE AWl JEl ALE 2FY YA Ay
(Coefficient Mothod)RhE HAISE olent, sjAdlellis o] slolgjo] AWs stye] wjay
A 71 FZREL ¥AY Agol ulE ouR] &4F ZAHAFE XA FUAHEHG
o] &3t FHAHEY Y (Capacity Spectrum Mothod)o] Ax]E]o] gltt, olggt Wyl #F AELS
Fojz A AEFol ozt S35 HopHEgloln, F siA] W2 R Hfol NE fARRE 2
IS AAlgich ATC-402} 1986 DoDi= s AW ERF Yo tisir 2tA|s] 7]&sta Q. o3t A
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