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ABSTRACT

Current seismic design codes for building structures are based on the methods which can
provide enough capacity to satisfy objected performance level and exactly evaluate the seismic
performance of buildings. The capacity spectrum method using the nonlinear static (pushover)
analysis is becoming a popular tool for evaluating the seismic performance of existing and
new building structures.

By means of a graphical procedure, capacity spectrum method esimates the performance
level of structure by comparing the capacity of structure with the demand of earthquake
ground motion on the structure. In the method, the relation between base shear estimated by a
nonlinear static analysis and horizontal displacement is used. Capacity spectrum is usually
expressed as what represents the responses of the equivalent single degree of freedom
(ESDOF) system for the building structures. However, there are some problems in converting
procedures into ESDOF system which include not considering the effect of higher modes of
structures. The objective of this paper is to compare and verify existing methods and suggest
the modified capacity spectrum for seismic performance evaluation of building structures.

1.4 &

A2 AEFTF2E B WAMLAZIZS T2 ASAF Fodo] AT + U= AWEZ
Hate] EREE e HeFES UFIEE AASE A%l 712% WRAMA (Performance
Based Seismic Design )¢ €¥gjd 719t S Qo A& Fo] gk 7282 AZL B} 938
A RFoEN WIAHTE Hisle WS HAEEHT glon A g EHQY wo] wz
T4 2 ¥ E Y| (Capacity Spectrum Method ©]3 CSM)elt}, CSME A AR A s o] g A Q.
T(seismic demand)®t T2 &9 E-H%H(capacity) 24 S97I4 e $gole dys g8
st 3hvtel ZefZo] JelhgogR FRES 4% (performance point) S AR = whyolt), o
PHE @A ATC-40"7 FEMA-273" S WRAMAZZoIMN 718 AET2E0 Ua WYARS
Botoh BAE A% 7igoez Bt e m o}

dutz oz CSMAM AXQFE vgddy e wald 2¥9EY Yoz Yeuyz FzrEg
B 582 vd8 A8 (pushover analysis )g 85t LU AGH I TR0 3w olo

s BAY YRAUGT A3TSY Gy
w 389 JEvuea 2Fen 2 4

- 267 -



#AZ REE. 53] 04y FHHHA AFE 3F - BAE TYLHEYOR ¥HE
7l 9 E gt $71e] dA-EA(Equivalent Single Degree of Freedom system)Z X &&
gtojol ditt, 2E AFAEC 23y tdAFE FREES T GAFERAE AzBse ATt
FP gl o) olHF 57ty dARE Aage s o 2HE Ad= 3z 2
FoZ A3t Yl GAFE FRESY FEAHE AUR BYEIA R3e EAH U

2 d7dME V& d7E TY2HERY df YYES ¥LENED o9 e FFHE
FTH2YEY S Agstnz . 2gi £PE TH2YUEYS o} L3y dAFEEY VAT
€ ATC-40914 AN wrgs HANAJuE o] 48Y Wyoz Hrletn vl@dte Bt

2. CSMd| 4@ U597t

CSMIAE A& Tz @s}%—on He AYSHE WA ARGS9 F AF-ud
FHoz BT nHE A $08 $YAHEY Y402 yudr o F THE s
HEAZ EAGO2H $4% FHF %)4 HEHAE AR ded & Jon, § 4o
BRAYE DR AR hE FREY MEH $93 455EE Ju9h CSMO| o8 YA
9 WANERIE AR e 29 1A et

A=
M;
Uy E Pushover Curve Pushover Curve Capacity Diagram
[ ) vb
— v

o b —

a
—7
7

-— Vb uN UN

| <

(@) ¥R ARl aF5-a9 &7 (b) TR2HEYo 2 W
“ } ,T"" 'y '
K 5% Demand Demand Point
Diagram Demand Diagram
A
A Capacity Diagram
T D =
Demand Diagram
() &7 S@2HER9 ADRS A& (@ WA AL Hs+E

a9 1. CSM% ol & w4537 33
3. H|HY AFH Y & sF-AH #AY 33
Y FHaAANA AFE 8F5-190 dF BAE TH2YEY R WA@Y YeME o
].

EY
AREA N2agel vy 4L HASA Bgdg + Y& T dAREAZ AP HAo
gadtth 57t dARE A2dd di Rde 48 /A4 gE FHoz /ey wyPezHa Q

- 268 -



2 N23E?Y, Lee 29% o] Itk o] S L T2 209 UHMNUY AERUES o
%371 st RAREAY HAY FHHY 2R 57 GAFEAY HAY FHHAY FAH
A FHED Yol AFE AVA 57 GARE BUE FREY EHAZO YRE 1R
Eo oM AAo] Aot AT AED 4 Utk e HAY AN G4 FTRE
IAEETE Podste tAfE F2E9 HAY ASEL AAE EAH U

2 AFNE &Y 571 dAREANAY 3-89 BASE AHsE BYS P28, o
g & gAFEANA A -39 BAS AAY £ U= WYL AtsaArt

31 /MG AREAE o] 48 WY (N2WYF Lee 2 E)

iAoz F7te] GAFEA EES dAFEAY T4 $EUAHAOZRE SE9Y B =
FolA M L3t N2 W (Fajfar et al, 1996)% Lee R d(Lee, 1984)°] % S/ dAG =4 29
< FZEEY IAR=ETE s HYriste Rolo N2 By ALe FREY AW
B3 @A oste Frte] FAo] AAET, Lee 2P A$E FRE AAY FAHEL UE
S @Y FUHAEE FU] A%t A dyyggo =Ry YEHYE AR £ oy 2 8
F-890 g vad BAE o) d¥Y(bilinear) olHAF o2 TAIstET ZtZel wyoA =gt
ste 571 A%, A4 € 54FE e 78 F gt

(1) N2 3ol 94§ AT AlaH

P;
m=g¢l M1 k=%= Cc%t To=2r| 2 )

A7NM, c=(¢{M$,)/(${M1), D, =72 &9 H43W9, TP, =7 2339 ¥& Yehdoh

(2) Lee 299 93 T7/1dAHE Al2d

= glM,-D,-Z k= ,21 ngKijD"Dj Teq=27r\/j’: 2

4714, 844l D;=eD; , e=(2LM;D,)/(ZM;D), D; = AP AHE, M, &= 728 42

o AFE YAtk Lee RUANAN IHRES} F2ES Ao A FFL A oo
MAY FHANAN FUR 3 Fo ANZRE NEANE S A% 2ol T + U

2M X
x ==t

ZMi Xi

A7IM, X; & 2 39 A8 JEin, F2EY ¥YE ZYL 2U2 nYsty AHY OB
Axot ERAGHE o] &3l 3F-AY @A/ TR

(3

32 dAFEA $HE o & Wy - AL By
ol BHE TZESY 3F-A9 BAE dAFEAS T4 &HL Moz o PTG Pz
29 (A REYY ¢, 0 W 2= A9 g (0T @G 2ol ¥A8 F Ao

TMX(t)

x,‘(t) = ¢,TM1

4

- 269 -



Yoz FYF2E] PR FAEE FEE A AA AFR=Y st A
Ao $48%e ARy A WA REEC ANAY 3¢ ZePPdeE AR oA
A9 R Ud RERd 4,2 A% 4 A B AFAME FRA2Y9 dEHA WA A()E
A WA REMNZ BAAY & Athe AAsel AR ol BAFEA HEENE FHIAC

_ eIMX(t)

x(t) = ¢1TM1
FzE9 o] AYsA A WA AZR=g SAUAUAN AFTE doa Mg, oA

A gg FRA2de] dEAY AYY Ax)E dARE TEES YAAGY Y golAo

(6)

Hx) = ¢ R(X) = ¢] KX = ¢]K\x = o’ ¢] M, x
= ?¢TMlx= ¢JK1lx=1TR(X) =V, 6)

4. 7 Yo & THYHEY] Y

MY FHsAeA ARE 3F-UY BAE 4G IEIEES SHEARE WEsto] G
ol FY2HEY Y £ dTFAAE oW THAYEYY FHo2 UHste V&Y 7
Hell AA ARG 7 el 4 gF-dY BAE H Lot Eyoh

41 N2 $dAe] FH2H_EY AP
A1) 258 AAE $7te FH F2EY HAAF HAE U9F 4L o8 Y AHEY
gaog Wgo) duh N2 ol T8 IARERE 18 st Hrteo.

s,=E£ s,=D,xc %

m N
Aol oshd N2 Wl Ae SZ-99 BAE SAEZ mol g5t $YNHLEE WHo g
1 RERdAsY 942 FAYE cASE TZEY A4S ¥de] FgozM $PUAY o

Hz EdHo] €4

42 ATC-40 dA e TH2HEY W

2 A7 ALGHUD Lee Rl o4 Y3 tdAFEA §9& o8& 3-89 #Ae
ATC-40914 AAgte TH2HEY ] AYYE o] &3 AT ATC-400A AAde THAHE
doze A4 USH Zo

- Viw - I
Sa = ) Sa= PF\ X 4, roor ®

[Sm%z

[g ]ﬁmm & T2EH A4S Al

ﬁm¢ﬂ

=1 =

glmi¢ﬂ

B dF9ME Lee ZdolA A3 HEAA E}X}wiﬂl EEAM A T8 EEAE 4
@ Hgsgon ReFoAFd F2EY AFFAATE IAREE 1AL, REFLA
F A 72 ol oA AFY 2HE & & A

017])"], PFl =

- 270 -



5 AATZE HY

B AT A THAHAEYE L3 dATREN U AFE UIAAHNFS Hrlst
o Btk BAE AHHNE 3 FHAYER AAL FrGAFT A o3 Ay (N2,
Lee 23 Oatf A A HHez JEHAE Aoz F-AGBAS FH3E= Y
2 HZENIHT dAFEZEY WIAHATHI dgL ATC-4091A AA g AsGrhdgs Ee

W*Hla o4 AeH/IERE vluE Btow, AJEFo UF LF2HEHNA 1d
3% & 19409 El Centro XA S58%3 2 N3y,
51 AAF+ZES] A

A TREL 2737 4% FZREEA AFEY HAANZY st AAHULH F0E 35mE
AR UBC-97 7]& 2A3t F4F A AW AAF7 28 gddGE e 4
Aatart. AAE EHATGH S UBC-97 71EdA AAg F3tFEulHo] sty FzEd A3
g BIAZon, vy HHHH TP DRAIN-2D+PL Al&sdch. met 71%— A9

H &Y M¥E FAje @i ATt 7SR e a8 33 2ol Zrs Fre HANGol

HEHAY. AATFZEY FAL 1Y 29 Zon g dF 27 £ WiEL ¥ 17 Zo.
T BI Bl T !
g
&
3] -+ e o © o
B1 B1 1)) [ ] [ )]
2
a “
E" B1 Bl T S o1 )
3 :
G B1 Bl T C C O C
2
L]
) P P
T || ] . i s
% 3000 # 6000 # O Reference Circle = 0.05 radians

¥ 2 AATFzEd 4 3¥ 3 &AEAY B B

E L dATzEY 74 & (99 mm)

72 v wd =27 = = HED E: 53
W % | 500x500 16 - HD D10 @ 300
_ U Ta % | a00xa 12 - HD% D10 @ 300
s W B | 400%400 12 - HD2 D10 @ 300
©2 97 | 300%30 8 - HD% D10 @ 300
N B1 300X 400 TOP 3-HD25, BOTT.3-HD25 | D10 @ 300

52 st3-¥4 44

R THEYEYY nlu

deE GATEEA et SAUAFEAE o148 WEH HAFEANN EAAS 17
@ Pde ASdel FYAMEYL vlusUTh B £RoN 448 SH2WEYL WHSE @

e E 29 Zoy 2 WidAN 4A4E 3T

-H9 BAe

- 271 -

a9 49 2o



E 2.4 ol A% sF-we #A4 X TH2YEY uE

s E F-d9 B TH2HEY NG
Method-1 N2 %y N2 %

Method-2 Lee 29 ATC-40 (15 =)
Method-3 MDOF-1x} == ATC-40 (1xtR.=)

7t Bel WE 3dF-U9 VAE 29 494 FHEE N2wgo] & Method-13 EWS
2 H7tH £ Method-2& A8sA HRY & vk Agd THAHEY L B dATFREY 7
¥ Method-2¢} Method-37} A 9] dx&Aqom, 29 54 & = UKol N22gd % 59
£HEYo] g F el udtd AV FA HriHn Y.

50 04

-
- "
5 2
- £
- ~
H ]
£ &
.
@ Method -1 b+ ,
Method -2 ,,g,' 01 =4 4------- --------- Method - 1
e 1 e Method -3 : ; Method - 2
Base shear-Top disp. i ------ Method - 3
° — 0.0 T 1 — T {
0 10 20 30 40 50 60 0 10 20 30 40 50
Displacement (cm ) Spectral displacement (cm )
3% 4 % Wyl B E-Ey @A 2% 5 2 ¥y g sHAUEY uF

6. AATFZES] WA SH}

2 el a4 WEE SA2MEYT El Centro (1940, NS) Ae] o8 LFAHEYL o
88t ATC-40914 ANE NAHSH7 Pish AAGYHE o) 88 oz dAFZEY Uy
AR5 Mmsted watd

6.1 ATC-40°] <& WAN 5B}

ATC-40 1 HE MY RIAUEYPL 5% 48 717 4% BHSY2YEYS 7120z 5
el BAE JhAE S MYIHE ol gsd $ARAE AAY ¥ olA=Yo| nAY FABAA
S S5t Brhgch E 3% 1Y 7€ Method-39) Wate} ol @ FrBge teim Yo
HEY eAYAY) FELUAA BRFWSS F2EY MY ST BPBT

E 3. ATC-409 45%7b8 & 4539 43 (Method-3)
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