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Estimation of Nonlinear Seismic Responses for Multistory Building
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ABSTRACT

There has been an increasing trend toward the use of pushover analysis as a tool for evaluating the
seismic resistant and safety of a building structure in the performance based earthquake engineering field.
The ATC-40 document proposed a nonlinear static procedure based on the Capacity Spectrum Method to
determine earthquake-induced demand given the structure pushover curve, which a curve representing
base shear versus roof displacement. However, the procedure is conceptually simple, iterative and time
consuming method and may sometimes lead to no solution or multiple solutions.

A new improved method of seismic performance evaluation for moment frame building, which take
into account the previously mentioned deficiencies of currently used elastic design procedures, is
presented in this paper. The results of nonlinear static and nonlinear time history analysis of an example
high-rise steel moment frame designed by the proposed method are presented and discussed.
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Hl2 SEAOC (Blue Book (1999); oA AlA)stz e A H A (Direct Displacement Based
Design)# 5719 $ 47 ¥ (Equivalent Displacement Based Design)o]t}.

HZo AFEL o MY Mo g WAL TH IS AANRE H ;& EAHE
< ANFEL, dE¥F AFAREANA B FAHD ALdEE BFeE APHL e A
t}. olo] Wig WEAHA AF7} ATC9 Working Groupol 2ldted = o, ATC-55(2002)
TEvaluation and Improvement of Inelastic Seismic Analysis Procedures; ofjA ¥ 2sEHH
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2. sHAHEZHY (CSM)T H2{A <1 (DCM)

SY2HEAH(CSM)F H YA S HDCM)& MDOF W ESDOF
MNgFez 2T F/IAARE(ESDOF) Al2~g] lateral force deformation shape
£ o]8£3le A {FE(MDOF) FZE2 H|AE ’ J/ A o
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H E2F 2gd udE A5 dehle o — /
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57} 9 A-R =(ESDOF) A2do] tg Hge D T Vb

O2-f =(MDOF) 289 $go] 3t xuj
A 9l(predominant) Z=¢] 93l Yehte A
2o W Ayg5ES e 2310k EFHQA PHO 2 Rothe and Sozen (1983), Qi
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2.1 s=iAH 2 (Capacity Spectrum Method )
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B olde nay A08ee 4] Astel 2 o
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— 350 —
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o AR5 B4 ALY AHE H(smoothed elastic design response spectrum)$ AH-§-3kt}
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(1) 2H2E Ago) 3 7 - Pushover s FAYol et 7xE AYsPL BHHoz
Aestd 5 don AANZH(global) oy wHFHUFE EIY 5 e Wl of HAAPE W
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2000), incremental dynamic analysis (Elnashai 2000), modal pushover analysis (Chopra and Goel
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par}

G) F& #HHol g SHAHEY Yrt- FYLHYEHH(CSM)N A AHgste FAZ7 sl o 2o
25k o]H o iR AAr BrhE Gaed £33l (harmonic excitation)S W= GA§T AAw"lo] 2
QA gEedM e AAAN g AT A7IME A (ductility)-F & 73] (effective damping)-$-
G2 A S (spectral reduction factor)9] TAE AR B HALSEAHEHNAN a9 F71
g nagezd 2HEYHY nHYAPL ual P}l MacRae and Tagawa (2001) AN} $E7
2A e #AE FFH o]&3F Direct Capacity Spectrum Method& Aj¢tsll.om, Chopragt
Fajfare R-px-T @A) A vigd 2H9EHS TH2HEY(CSM) HA o FH L3t

(4) ArEF o SA o) 3 23 - Near Field$} Far Fieldol) 9] Aur-&F 3 AR uk(soft soil)d]
e neje 71 Frhddd o§ vy ANSEH e & ARES E & U
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2.2 H 9| A4 ( Displacement Coefficient Method )
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t}. 123 Near Field z|¥h-& 53 QekAte] 548 n g o]l wge] Hojof & RAolnt
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SR N3 YANSA7 PHe oMo AP gl HFol HAUG (FREY 3). AYH ¥
WMo 714 2 ERL vy Aelgda uAdy HAFs M AT ANVLEHE A nFe
24 =

WRASe Boh ARALE B & Utk Foln, 5= a7 A=Y 44
o Aol V&Y sHAHERAYCM)ET A% AFE & F AT WHE ASFAT
3.1 salA®E EH (capacity spectrum) 2 EHJ}
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4 Je FTETILE oLAATE AT PEEY FHYSUEYS Y
258 AR BT OARE TEE JESYS AW olgsucke Hol
A& s EPWCMTH etk SALAERE Frise A e 2o

~ -é—lfMXstatic

Sa= Vr/Me = FRsa 'c/Me (1)
QITMI if 1 tati off

AT oo Rue £ 9108 BAANo2RE

T,=0.5 sec

FEAE 2 & WY 2 AYYH $dolH, M, b Tnciastic Design Response Spectrum Ti=1-0sec
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4. 205 HFZE HEZSRX HEIEsSEIL
E AFo M= ATC-400 A xﬂ*l% THAHEGR(CSM)H At WHHel o vy sa Z
HE BAST 2 WYo) BE WAHSS HE - AESLA $T 347 205 AT BE EE
Tz 7222 ZAS-SR Add gdtd 4ANNT, AN RS AR WE2 A
Folq w4SE AR BASGOH, B /TN MdY ASol AFVDR AFAT
-5
AATFzEe) Hd 2 wd P4 F—4p—et—T v ¢ -
& 263t 7N Yehidnh c
Ao} oldATE FE Fol 2% R T ot
WEAS ANE 7HXE ol HEZA ; s 5
oz APtk FHFA 9@ SR S +
P-4 Eabe el wskch WA N I I 3
& Azolgsel Hed HEL 2 2l .
El Centro (NS, 1940) X|”o|n} & . . L g
A& (EPA)E 04g2 27H 3@ i gT
ste] wld® s Ao Arg&shgch 8 6 MTESe BE o g
1 AESE BY & oE37| g
Column ID. Interior Exterior Girder ID. hg::;girof gi ]
C10 W27X84 W18X86 B10 W24X62 - +
9 W27X102 W18X97 B9 W24X68 :, }
C8 W30X116 W18X106 B8 W24X76 hd 1
c7 W30X132 W18X119 B7 W24X76 S,
Cé6 W36X135 W18X130 Bé W27X84 ° X
C5 W36X150 W18X143 B5 W27X84 kA )
C4 W36X160 W18X158 B4 W27X94 % 5
c3 W36X170 | W18X175 B3 W27X94 Tt = s
C2 W36X182 W18X192 B2 W27X102 ' l 3@24'I '
C1 W36X232 W18X211 Bl W27X102 a2l 7 HTE2o| CHH (A-A)
41 Rx2o| ESCo o5t HIMY XXSY B}

dAFEEN NG LRHANE ST ARE 14 B AFF7|7) 278622 Ueon,
EEZAAS PF=1379 8 RFEAAZFAF 0,=0778 & JIAHHACE ola)d A g 534-"—
gol AMA JAFEE= Y l 46}04 AvEdds A& E9dET. 28 87 M A7
o] hEueiet EAGE S FAsy 4 F2E A4S H vuAGH I nims gt

(o]

20 — 1000

—— roof displacement | —— basc shear
Dr (reprogentative displacement)

Vr (representative force)

0 5 10 15 20 25 30
T8 8 AdE Helet LiEH (D) 2 6l 8 9 2D HEXE (V) 2 Hin
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4.2 H|ME AlZto|2is] Ao o|st A|AR HMeile HI}

SheAsE Asdel $9% GARE A2de RESTA st s wABAE L8
3 o)lE ol83Fl AAY AANQTEE 2103 11944 winstET HESEl 93 Wiel o
AFE Alage AEE 548 F nesta U

800 800
| ESDOF System i MDOF System L
E 2 A28 oiNeFE d|D 5 w0 Hsys = 1.851 / g swo- Msvs =1.658
g g ;
Model D, l_)"““" s g o /D, T o
(inch) | (inch) - /; 2 / +§
F .00 % -400
ESDOF | 7.345 | 13.598 | 1.851 ]
800 . . -800 T —
.15 15 0 1.5 15 -15 -15 0 75 15
MDOF | 6476 | 10.736 | 1.658 equivalent displacement ( De ) equivalent displacement ( D )
712l 10 S712¢% (ESDOF) a8 11 izt (MDOF)
4.3 H| MY HFs|AMol o5t AAY Yy x "I}

By FHaNE TP Fo] ATC409 ¥ 690 T Tommr el Frepee®
~HEFPYCMT & AT At Bl o 17—

AN sETHe FFHY 5 owde Hoe o] ‘ B e ai-t0te
}FRETYYS Yt AFPANM mAY $¥ol § ]

SRt ol 2 el 9 FERde o4 § o

¥ ez ol43AFIL, olRAE THAHEHeR 104 AL

AgFch. ATC409] W 53 R=AFE o8 17 = :,T.,Cp:szd
3t 7, At whyelME A AF Qle] F o . T J

4 SAsdEdel Prruth 1Y 1B% 14E 27 T dplecemendy
SEZHAUES ol §T ATCA09) Wz WAAH 5z 12 Seymai(capacity curve) o B2
BlE o] &3 ALE WA AeHE MAHIe

H4< Jebd Aolth. 1@ 149 B30l & & ARe] wEAYS FYP3AA FAHH FYUE
B ATCANHE A5AS Wrhske HHAN 27 wAsgon S4B +P%E A%
F7 Atk 20& FFF2ES Aoe F47F ¥ FRERG 27134R 5 F A= ¥
A HAHE 94 BHA3ln ot Chopra 8 Goel (1999) 8] ©Al{ = Al2goAe A7A3}

o st §A4L JHAE BFY) AxgeANE nAHE ADSREF Getd g 7T & o

I

T=1.0 sec

0.75

- =5% ~
o 060 Demand Spectrum (11=1.0) 3
Z -
.g T=2.0 sec .g
= . E=3
g 045 §
el 45.0% - Tth HeraliOp&BAT, 0 0812) K
o 1
& o030+ 28, 0.2526)| E:ur=2':786 =
g 3% - 15T teaxygtion(? 948, 0. T=3.0 sec %
@

@« -

g 018 il 09,128, 009758 T=4.0 sec =

Capacity Spectrum (20F)
0.00 —T T T L
0 4 8 12 16 20
spectral displacement ( Sg )
= ZHA 3] =
a2 13 KA 2 457 4
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E 3 SYHAHEZY(CSM, ATC-40)0| o/t TZEQ 4™ A ALY dYdevr &Y

Iteration . o . . o

OO Suin) | Su(8) | mm | Lw(® | Salin) | Su(g) | difference (%)
1 19.128 0.0975 2.698 403 7.948 0.0934 -140.66
2 7.948 0.0934 1.121 115 27.987 0.1029 71.60
3 21.987 0.1029 3.974 446 6.931 0.0878 -303.795
4 6.931 0.0878 1.000 5.0 41.981 0.1125 83.49
5 41.981 0.1125 5921 450 6.647 0.0812 -531.58
6 6.647 0.0812 1.000 5.0 41.981 0.1125 8417
7 41.981 0.1125 5.921 45.0 6.647 0.0812 -531.578

E 4 HotEl giol ofst TxES HSH H AAH JdM¥eTE MF

ductil SDOF System MDOF System T
uctihit : y7;

Yol siin) | S.a(g) | D) |V (kips) i
A(p=60) 8.504 0.093 8.504 500.242 1.211 3.058
B(x=50) 10.128 0.094 10.128 505.621 1.443 3.319
C(p=40) 12.437 0.096 12.437 516.379 1.772 3.640
D(x=30) 15.985 0.098 15.985 527.137 2277 4.084

fi=248 17408 0.099 17.408 532.516 2479 4.240
E(px=20) 24139 0.102 24139 548.653 3.439 4919

2 d7ME AE 7T F e ATCA09 & Yoy 87 AHEHS Bt oo &

74] Q2] o] HMAANME o) §3tn SY2HYEIL SUSA FrAdo =M AP A
A 19159 F5E w1 AY AgoldaiN Ay FFs)Ae] 9 SHL o] g3 2
Pejo] HE A5AT Alad ANLTEE HEe Aotk MAY AN ASolE HA
SadERL ALSHYY] WEA uAY Ao

A%EY o= AE FuUNst YokE Ae & 5 Utk 500

Aotd WM E WAy Alz_}olaawow REER: ) DUl il SN

wegel st SYsA 4T FHHUANE FE
gge2z 34 9 54 B 454ee aRHos
ot 4 glon, AANY Ao U A4 e o
HAoEe SraT Joha B

Proposed —efe--

)
&
=3
=3
|

A =24.954 inch
4 B=17.408 inch

shear force (kips
(=]

E 52 WHo IE AAY 6N ula 400

7 ® |May Agdgsy| may g
-800 —T —T
A 2 H) ESDOF MDOF ATC40 | Proposed -28 -14 0 14 28
o ;;1 displacement ( inch )
g 1.851 1.658 2.629 2479 T3 15 MSNT AAE oINS
44 2t ghyol M2 H|MY XSG HD Y HNSHI}

LFTFERENM SAse AXRRE hE FFES /M ERFHoE A4T F YE' Ao FA
G, A E 2789, LA E X (plastic hinge formation) 58 B71slE ZHolth B Ao A
= A% AL o83 TR I HAF AolHe el o Wy ot 2437
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a8l 17 ks a8 18 & HNE 28l 19 MiQHEl Wlol o3 M5B

g udy AAeHE YD WAL EE Hrlidke V1EY 4 ¥yl
T 2 UigAHY PHoes FRE HESHES o] &F HAY AYHS
T RUEZTZ FZ2E HEF HAx ATC404 g e 45d 4Hd
wastgon, iy AN e Pt =¥ FH3A Rk & &
FTFZ2EINE ESEY dE7t HEE F e H54E 98 F UG g2
2 24 R BEAE A2Y9E NHAE FRE, PDelta A7) Jg, AFANY A, AT
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