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ABSTRACT

Using existing static methods, it is possible to estimate accurately the reponses of
structures governed by the fundamental mode. However, these methods do not provide reliable
estimates for the structure where higher mode effects are significant. Parametric study was
performed to analyze the dynamic characteristics of the structure with long vibration period.
Based on the investigations, a new modal combination method using modal combination
coefficients, Factored Modal Combination, was developed, and static earthquake load patterns
addressing higher mode effects feasonably were proposed. Existing modal combination
methods, such as SRSS and CQC, lack a theoretical basis to be applied to inelastic structures.

In contrast, the proposed method can be applied conveniently in inelastic range as well as in

elastic range.
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UARE FREY U FHNMHe fAuy 2 S£XAN] B2 T AHWES A
g8 WA TE Hrtetn AARY, dEEsF7IEClY UBC SolAe HIALAE A 7
ARAAEFE Ad3tn Jdoem(ad 1 (a), (b)), ATC-407 FEMA-273 ToAME S44 %, 14
Ry 5 vlg 7AY HaFo O v Ad A 84 (pushover analysis)E T8t H @A
ARSEE A7 sl v A8 A 2 E (Nonlinear Static Procedure, ©13F NSP)o] AZRH . (29
1 (¢)) 28f} NSPE o] &3 ned AASFY Hries F2 7|EXFF7|7F Fot 1(3RE 9
& A ATl XulE= HF HdEo) w3t o
ZAEY HAY AZL 17 o9 IARET FAAFTA & FFE WA EFE AF
E4e BUAD. olHF FHAATEANL wgsted, ujdY AHANA nREe] FYE L@
Tt QA ABFREIL AHEH AT (Freeman et al. 1998, ol &< 2001, 2 ¥ 1 (d), (e)) B &
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modal story shears

a9 1. 943 A3 3| (pushover analysis)2 913 3T EX: (a) AFE3F7]F (2004), (b) UBC (1997),
(c) ATC-40 (1996), (d) Freeman et al. (1998) and Valles et al. (2000), (e) ¢]& < & (2002)

oldd dFARE 7129 NSPAM AEHE AYAARFEIN AR 9P G

B etx Ran ALS Jrigh ARREY Ggo] AXH T2EL AW GHe] GYRE 9
sto] AulE] Pgomg TPy RES Jgo) Bisle] Hu 11—3—%01 vebdn gad 38
g AR 2 WIAAS FY57) Y E 0P B 2Fo Yeue osd FHA

AsFEEE 123toqof s}, (ATC-40, FEMA-356)

B AFME AF7) FZEA e NRelHAM S it nE=9 FFo ¥ AAAF
EANE 243l o8 EUE REXFATE ALY 72 I{REV 2 B %S w
Y 4 A= ANE ez YS AL AeE TezRUe 45 ulRse] ol
Z AEY ANAEES AF3 HUF 5 dE'E BHAAN}FEEE AGsR T

2. %7 2B FHAAZEA

TEEY FHAATEANS AT st FAHA RMFATE AASAT. 2¥ 2 (a)
4 e A% 103 ZdY 2de RAFTY 2E 715 R 474 FY9¢ 24E @
2, 153 el BAN(L/LE 180l Z3e AFe 7Ysttn ARAQt wF7] F2Ee
ZNRAFF7IE 1201, AF7) FEREY JEIFFIE 620tk I9 2 () ¥ 1€ sy X
2o Ezﬁgw—} BAEALE RojFed, 43 R 49 BXJ $YsEE NEAFFI

| REgy, REgoAs, REAdRRde Fo| 2ok $AHALIANNE AT Aol
Bl 2 El Centro 1940(PGA=0.319g)& A+-&3ldth.
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the width of a bay _ 10 1] Fe factor 12095 -04712 02887 -0.1979

the height of a story | o~ h

A -

modal mass 0.7746 0.1029 0.0424 0.0000
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O" 3 9F 79 AF7] F2EY §Hol¥: (a) AEEFHY, (b) 53 FUHS, (o) RHEAGH

39 3 (a), (b), (©F DF7|} 37 F2E9 A B AF3UY, 55 S3E9, 2ad
98 $golde 77 naEg. ¢ EHEZ Jusge] TARE AT >
ZFEE, 123 R29 FHLY 2 23 W] gF SEIAL(%) 5T 4 2Pol %A
#HT RESY/ALE 54 pAREd oF $UX 2 FULH 2 UdEgtez
Y5 ASodE pRRsd o3 $uH Huggol e W el &5 AS uwg wEe &9
& Z+z7} Jeha
29 3004 BE nieg o] dFy) F2EY AL A NAeHe] At HE Ao A U
AP, 2 AT ARYY FHFR L/} FARD R A5
of wel Hujgdol A AMFH 2 wo Eolo) WE WY L 23F ¥ =¥ AA 2%
o ABSAPTY 55 ARG AU AL 1, 27 ZEJ ARZHEL FANNE @
Foz FHHYL (2Y 3 (2), (b)) A VeAGPo| Al A H A |
AT 559 2999 ARAGH S Z7N 7= BFoz FHIQYL (29
a9 32 93y 2 AFy) FRE SHAZTEHL E}'E?l BdFEg. g3y FREY A
BREE IRREs Awets ASS Bolnz AR2Wy) LAY

- 187 -



59 BE AWeYel IRRES oste] FAAT Wk 1Y 3 (@ Uehd vheh go] RE
AR AUH7t Al FUS APl $YE WP ReFPoz wAYY Iy FF7]
728 nARCSY dst ANBE, AASFY FH wet Hvhzkel wAse AYH 19
= FH9Pel Bt =¥ $Y AUSHIAE Folsh 94xd wet Huigtel wAstE A
= FHYPol wAAY ol AAPPL S TARSY FFS FHs] BIF YA
J5HYEAS QA BF YRFREE meBdol & uigh o W, 7 ngREN
e REo JFL WIste] 2Fsojo} k.

3. AR =% (Factored Modal Combination)

B A7NAE REZGASE ol&sel B4 2 vy J9dA FEo Thed Aze A%
rEZx ﬂ‘ﬁ(Factored Modal Combination)2 74'%3} <t}

3.1 0|23 wW7F
OATE 72E9 9L 53 2ol #d 9t
| mu+ cu+ ku= —% mr . 1)
Aq714 m,c,k = 22t A A, AAPE, r = A9 &HE (influence vector), u, = AF7IE

E, §0=M4E 2 S5, u=- d999H2 REHFAE ASet thed go| ey
AT

ANM g8, = nX} B 2HEHAFY LY ¢ = 3} R=YY, N = F R=EF, REFRAEA
o Amgo2RE 4 )& NAY LEREC g BAKE $EYAHo FhA

oD, + 20,849, + Ldd,= —ul, | 3)
AN @, T, = w3} RES AESE, 24, RERGASL 2F4 @) A A @ WY
o BARE Azde) Ado|AAAE HF £9Y £ Atk 4 & F FE 1o(h,1o) Ho)
A I,Spolet Aoy, o|2%H 4 8 g&s 2ol A8 & Yt

u = nzz:lR,,(t) ST, 4, (4)

g(1),

m (5)

R(H =

R,() v nAl REZZ A4 (modal combination coefficierit)i 0 <I[R,( <1& gEg), 4
@ B vE GAFE AN2de BHAVLTL 7 REY 2dEduye] 54T FaASF
g 3% 3o 2o U & Jee ovjath duHoez R()E AFHL A& AYeic
2o

AEEWUY, 13 27099, YRATY 59 Ao AU AHNN adt REZYASE
R, 2 Adaa. B} REZHAS R 7t AQTe] 25 BAU] SRS WA SAS
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3.2 A2 =28 (Factored Modal Combination)

a9 4o i vheh go] AEFWEAY YAAWY F 53 AP A £ WY
2¥7} oo pon A s
N
:;qi b =09 t a8+ a0+ (6)
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- _.".:Defomed "
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1Y 4 2R GHo] HOiQl £ HYEXE
2EREAY Auol 5o g, & e 2
T
q,= ——*———¢;m¢“ (7)
¢nmu0
A B)ERE REZFASF R,yv ©e3 o] 78 = Ut
T
R, = G _ _Sméy ] (8)

IS ¢Tmu, IS
A7NA, Sz nAEE=C 3 AHMEJEYHLHES Uitk B dFdME i AIEHol H
e}l £ RE2FATF R, BEE BS54 o]& #8ty 1~-9x Aol Z1EXFF7I

& e g F2Eo uistd 33719 AurtETdolEHE A&t A olHEHA S AN
o FEEY AL Fxudy FojgutAg mEgtt Zold FERUAL As AL
B HAe} 7BAFREFAol FAG Roz AN Y. BRERFATFE AeFHIY, EHAd
d, RHAERHE Fo] Hud £re) MY EX g3ty TR Y.

3Y 5& F717F 7750 2&2WA FREO ddtd AEEF¥YPo HUA &3l T R,yw

EE 2AZEn 33709 AWE A8EA TE 33709 EE7F @ Hdd vett gk 2 A
& R,E TA7A TEHAL, R,E 03 1xteld] g zteth 19 5 (@& ES R,TEE
g #dol Yehd RAolx, (b)~(dE HoY R, Holx RSz EIXE EHsA 47 te
Paol tebd Aelth 29 5 (@AM BE vk Zo] BE REEE & AW 2F Y=
A FRAT APl ol 24E FHE BeolAD, 1Y 5 (b)~(d)sh Fol R=¥E (T B4
ERY A% YR ol e g Abgstel AFF7I107HA), AW LREHA), T2
4 @27) Sl wa 2z BAY R,EEE FaAAD, I BIEE T Hla- BAHSA
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# 2 AdE RExPAT £Xx9 HEd EEUR

mode
1 2 3 4 5 6 7
R H# 0909 0480 0303 0235 0208 0225 0.201
W1 EZERMAL 0095 0245 0246 0224 0213 0223 0213
P T 0411 0857 0441 0290 0253 0203 0.19
"2 gZEEA 0281 0104 0240 0222 0.195 0.188 0.174
P ¥@ 0372 0497 0858 0367 0277 0264 0231
n0.3 =HX 0230 0225 0.107 0218 0193 0.191 0.194
R BT 0385 0427 0477 0857 0415 0345 029
W4 BEEA 0256 0241 0237 0106 0247 0217 0215
R H@ 0274 0455 0417 0473 0848 0468 0364
05 gZEEA 0219 0230 0259 0275 0.121 0254 0263
P W@ 0274 0322 0414 0368 0447 0872 0450
0.6 ZHEA 0207 0227 0284 0211 0264 0.127 0252
R H@ 0291 0378 0388 0300 0391 0458 0840
0.7 ZEHEA 0240 0237 0198 0195 0228 0233 0.115
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# 2=y W89y 2¥o2 Jed £ glon o] ff RE REo $%o] Sxo Ay ¢4
g B8 A9 YU 2% 69 R,EEE o8 @ BAZT 19 6 @A BE us} 2ol
Ryt 109 245 13229 Qo] At 98, Ysx =9 A8 R, (2=2,3,-De
ZAAET EF Ry,7t 109 2Hst 24mce 3o Aust 90, IREZEE EHE Y
2ES GG R,y (n=1,3,47) A Fo|E}

4. A&

g Q7N E nARES dFol @ ANASEHE 2HHY] A8 WEATE 9% T
AR 29 4FE 1Y £ e Y R=2F Y (Factored Modal Combination, FMC)-% 70 e
S5tk FMCE REZPASE AHE3te] B350 Qo] Moy APAY R=zge Sysine
2AREe] FEge 1Y F Utk FMCE Al8de axprcel ggo] & AEY ARELHE
&3] HHE 4 e OFY YHAAARFREE AL AgolHANe T AFHA
B AFAM AgE Roadde uAY Ay uyds ﬂﬂl 449 Aoz wawT |
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