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STUDY ON EVALUATION OF SEISMIC RESPONSE OF
BUILDINGS AT THE SAFETY LIMIT AND CURRENT JAPANESE
SEISMIC DESIGN CODES BASED ON RESPONSE SPECTRUM

Yuri OTSUKA™*!, Hisahiro HIRAISHI*2

ABSTRACT

Recently, most Japanese middle and low-rise buildings have been designed by the calculation of
lateral load-carrying capacity. The calculation based on the capacity spectrum method enforced in
2000 is also applicable for the design of buildings. Roughly speaking, the calculation of lateral load-
carrying capacity is a strength-based performance verification method, and the calculation of response
and limit strength is a displacement-based performance verification method based on the equivalent
linearization method.

In the case of seismic counterfeiting in 2005, it was argued that there would be a large difference in
the required ultimate strength between these two seismic design methods. In order to clarify the
engineering difference between the two design methods, the authors conducted a study in the constant
velocity region and constant acceleration region. Based on the estimation method, the authors have
already presented the rational estimation method for seismic performance and clarified the cause of
the large difference in the required ultimate strength.

However, in the research mentioned above, the site amplification was the seismic zone coefficient
was settled to be 1. Moreover, the effects of the ground amplification factor and the seismic zone
coefficient on the seismic performance of buildings were not quantitatively evaluated.

This paper investigates the seismic characteristic of buildings in Japan at critical deformation, which
are important factors for seismic design. In the investigation, the paper first clarifies that most
buildings range in the constant velocity region at the critical deformation. And, the paper proposes the
response evaluation formula, which is derived from the energy equation and enables to recognize
easily and visually the effect of structural factors on the response during earthquake motions. From
this response evaluation formula, the influence of the coefficient defined in the seismic design of the
building on the seismic performance is clearly understood.

*1  Research Engineer, International Institute of Seismology and Earthquake Engineering,

Building Research Institute
%2  Prof. Emer., Dept. of Architecture, School of Science and Technology, Meiji Univ.
(Visiting Research Fellow, Building Research Institute)
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B Cpr EWRMESR 1 OERZE O CTRT,

B 51~E5.3 L0, MR Z 2L 2 1256 OMES— AT TRE Corld, RA K
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0.8 H=32m H=21.3m H=10m
0.6
0.4
0.2

— (IERE—EMEE) RAMNEHE (2=1.0)

— GRE—-EMEE) BRAMAGFE (2Z=1.0) H=10m
— GRE—-EMEE) BRAMAGFEHE (Z=1.0) H=21.3m
— (RE—-EEE) BRREMAFE (Z=1.0) H=32m
— (RE-EEE) RAMAHEE (2=1.0) H=40m
- (IEE—EMEE) RAMNEHE (2=0.8)

- GRE—EMEE) BAMAOGFEHE (2=0.8) H=10m
- GRE—EMEE) RBAMAOGHEHE (2Z=0.8) H=21.3m
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= (RE—EHEE) BRAMAOEHE (2=0.8) H=32m
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R 5.1 ICHWBAR— R TARE Cprn 0.6, 0.4 OBFEITRIT 2¥MER y OE & ¥PER 1 Dt
(,Lt(z:m)/ ,u(z:O.S)) &RT,

®51~K 53, & 5.1 LV, #E—EFEICIT 2 RAM G E CIEE CpnES—2 v
TIREL Cpr Tl T2 &, BE S H BMEL | MBER—A VTR Cor PREWIEEZDE
FIIREL 2D, BT, ABNCBNT, HBIRH Z 2 08 205 1.0 & L7=8A . 552
BECEME S H2 10m)DOEY TIX 1.8 [EREWVWER LD,

PLEX 0B AR XL 51 s — e fiek & 3o — E S C g iR Z DR AN T,
ZERNET D, HIBIRE Z 1250 T, IEFOEXKICEY, RELOER L&D 191023
WIEIZHT=>TUEZD XD fﬁ?%%ﬁr TRLEIND Z ENEEND,

K44 HBEZEHZEZ08MD1.0&ELEEBED
BLBHER—R TR CorITH T 58K

FE1iEHh A
Cpgr H=10m H=21.3m H=32m
Z=1.0 2=0.8 M (z=1.0)" 1 2=08) Z=1.0 2=0.8 H(z=1.0)” I (2=08) Z=1.0 2=0.8 U (z=1.0)” 1 2=08)
0.6 1.77 1.41 1.26 1.22 1.02 1.20 1.03
0.4 221 1.73 1.28 1.48 1.20 1.23 1.22 1.02 1.20
ForE
Car H=10m H=20m H=32m
Z=1.0 2=0.8 1 @z=1.0)7" 1 (z=08) Z=1.0 Z2=0.8 U z=10)7 1 @z=0.8) Z=1.0 2=0.8 K @z=10)"" 1 z=0.8)
0.6 2.81 1.57 1.79 1.88 1.49 1.26 1.48 1.20 1.23
0.4 3.69 2.76 1.34 2.37 1.84 1.29 1.82 1.45 1.26
FIE A
Cor H=20m H=30m H=35m
Zz=1.0 2=0.8 H(z=10)"" 1 z=08) Z=1.0 2=0.8 H(z=1.0) " H (z=08) Zz=1.0 Z2=0.8 H(z=10)" 1 (z=08)
0.6 2.63 1.57 1.68 2.07 1.57 1.32 1.90 1.50 1.27
0.4 341 2.56 1.33 2.63 2.02 1.30 2.39 1.86 1.28
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HE-TW\D, £ TARETIE, BAMRILEEZ N LT, BEE L BEIEOHEOERE LY
BRI DO E AR 2 & T, HEEIERRER G, OB T IES B ORIEMIC 2 5 R
WZOWTHET L7,

521 BREERIC K DR IEIERE G,
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R 7)F R OIS RIEIC I T, HUBEIAIRMREL Gy 1T E —E T 1.5 LAESNT
52132, 2.16)2, (2.19)X), —FF. FIRO X 5 [T AREERIZIZIZ & A EO@EYHIHE
JE— BRI AFAE L. 2 OB\ 21T 5 HUEIEIRIRE G 1ZFR 52 DXL O ITHRESNTEY |
429)RXEV ., 2D 2 FTUER—ATTLRE Copr\ZHBEL 52D, 2D, EYOJE
DB ZITOFENZEY | BNIET DINE AT MVOSEEN R D & HBEREIEGRE G,
DNV — A TAREE Cpr T 52 D 813 (4.23)K, 429X L0, G.HRXEAxsb, £521C
HENIET DINE AT MVOFEIROEVC LY | HBIEIEIREL G DS EEAR— 2 U T IREL
Cor\l 52 DL RT, BMBIET DINE ALY MVOFEEOE NI LY HEEIELR
Gs DR — A TARI Cpr (25 % D502, 55 1 FEHUR T 1.215, 55 2 FlHiE T 2.734,
3 TEHIIE T 4.86 L0V | RRICH 2 MU, 56 3 EHUE TIZZ O BIIREWVWEEF R D,

HE 8 T B IS 20 R A DR Y | oG (5.1
SAEIRRS G, 1 BN — A ST HRE CorlC 52 D oG, |

oG o HUEREIEAR S (GERE — i Arik)
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x52 BYNMNBT BIEEANY MLOEEDEWNZXY,
HRRIBIERE G ARER—RA VTR Cor[TE5E A 578

aGs G G2/ .G,
158 Hh A2 15 1.35 1.215
55 27 th AR 1.5 2.025 2.734
5 3fE ih g 1.5 2.7 4.86
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522 FBRIEICEKHHBIBIREFRE G,
SCER DXV | HUEIELRER G 13 (5.2)K~G. 1A TH 2 b5,

[T. = 0.8 ;1] Gs = Gy, -

Gs1 =G Go1— G
2 4G, —08— 2
0.8( gT1 — gT2) 0.8( gy — ¢T%)

[0.8 ;T; <T, = 1.2 ,T;] G, = Gy,

[08 .1, <T,=08,T;| G= T,

G —1 1 G —1 1
151—.?_1_651_ 151 12 T
-01 "¢ ———01 +4gh
12,1 1.2 Ty
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[1.2 Ty < T,]

_ AQH)?
Z\/%'Hi
&N
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3 1
" 157hs +«a
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Gs1

3 1
C 471hg + «a
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Z\/%'Hi'zpi'Hi 1
a= .
X H;)? pg Vs

Gs2

T, @ EEWOZEAME(s)

g1 RIFHAED 1 K H(s)

g2+ RIFHAED 2 Y- H(s)

Ggy @ REHAZO 1 BRI 2 B E =R

G RIFHMROD 2 WA B9 2 g
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pi - HURFRAIC 2o TR B 7= ik O % g D% FE (ton/m?)
he : HUBFRFOREHARIZ K 5 = %L F—IN
a :EEAUE—F R
pp  HUESREIZ X - TR O vz LHEA Y O (ton/m?)
Vg  HUBRFRAIC K o TRed b ie TRy 5 o1 AW i FE (m/s)
s 1 JE O AW EE (m/s)

SCHR 1O TIE, RRIEICI T D TP R O ENLE S AR IEAREL G 12 5- 2 D32 2D
WTRRFET LTV D25, STk DICds T, MR 2> 6 O SIS UTo K EEE O F s ik
2D 20m) A FIZE LT 2 2 &R0, WAL DYIE 21T o fafn g 2 MR ) 5 20(m)feE
DL LTWAZ D, RS TIIBIRANIC G AR 2 JE S 20(m) 0D B #ifg & (e Lz,
Zo), (5.6, (5.10)F, 5.ADHRIEG.12)H, G133 E D,

80
S
Vi
= pp:_V; (5.13)

pe  : JBDEE (ton/m?)
Ve : RBHE O AW EE (m/s)

SCHER D, (5.12)7 0k 0 | AR b 3R R O 1 R ELEEE A T R OVHEE -1 AW EE O B
1%x2 %R 5.3,

&53 MBELOREBHMBO 1 REBEH 7 RUVEABKEE V,

g11(5) Vs(mi/s)
F1FEH AR ([1 0.2 400 =V,
5 2FE h % 0.2 < oI} £0.75 | 106.7 = V5 < 400
E3FE M AR 0.75 < gTy V, < 106.7
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213K ~22D)R LV RE L 7-MEHE R L 2 MR EL G, 2787, 728, DA X
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55 1 R CIE, BRI X D HAREIRAR I G, DT R EWVEEZ R LT, 5 2
55 3 FEHE CIL, MR —E R IR RIAIC X 2 B HIEMREL G, O T K E Vs,
— E BRI IS REIC & D HUARIEIREREL G, D IR EVWME AR LTz,

FEIFEHAE (V,=106.7m/s)

Gs
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K&V, HE—EFDOLEEN—Z T LRI Cpr (THHIESRE G, D 2 RTHELZT D
728, RERIEIC K B MR IEAREL G, 2 W 2508, IBRTEIC K 5 MR IE R G, 2 VW
WER—= A TREL CorlZte, /NEL 2D, — /5T, BMOFEMES He % 3(m)& L8
ATIE EMOSMEI 7,75 09 B L A2 B 720, 55 3 FEME (B AWHREE 7,=106.7(m/s))
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FAMERE Vo AN S WHE FICE @D, FBRIEL D bIBFEIEIC L 0T R—2 VT
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5612, B 5.4, 2.9 ~220) &L 0 EE LIREEEL OMEETEZ X DS E ALY
v S, ZRT,

O 1 FEHUE Tl RRIEIC X2 MR EIRGREL G, 2 W E IS E A7 bV S, & K
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5,
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