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Abstract

As a part of the Special Project for Earthquake Disasters Mitigation Urban Areas (Part II. Significant Improvement of
Seismic Performance of Structure) sponsored by the Ministry of Education, Culture, Sports, Science and Technology,
response of reinforced concrete wall-frame structures subjected to earthquake motions was investigated by testing a
full-scale six-story specimen on the world’s largest tri-axial shaking table “E-Defense”. The shaking table test was
performed in January 2006.

The test specimen consisted of three parallel three-bay frames in the longitudinal direction. The span widths were each
5.0 m in the longitudinal and transverse direction. The central frame had a multi-story structural wall in the center bay
continuous from the 1st to the 6th story. Spandrels were placed above 1st to 6th floor girders in one of the outer frames in
the longitudinal direction. The structure was designed based on a typical structural design method of the 1970s. All
columns and walls were defined as flexural yielding type based on current code calculation.

The test specimen was subjected to series of earthquake motions and finally collapsed due to shear failure in
short columns and the structural wall at 1st story during a strong earthquake motion. The maximum response base
shear greatly exceeded the calculated ultimate lateral strength. Even though more detailed analysis of the test results is
needed, the following were suspected as some of the contributing factors: errors in the assumptions and evaluation
expressions used in the calculation of the ultimate lateral strength; material strain rate; and varying axial force. An increase
in the first-story shear increased the shear acting on the columns and the structural wall, causing shear failures of the
members and collapsing of the first story.
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Photo 3.1 Overall view of the full-scale specimen.
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Table 3.1 Properties of materials.
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Table 3.2 Specification of members.
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Fig.3.1 Typical floor plan and structural elevations.
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Fig. 3.2 Foundation plan and elevation view.
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Table 3.3 Calculated ultimate lateral strength and shear ultimate

strength of members.

PORLSREE (1) | PRHRE (2)
A AT 4 IEYﬁW(MZ%MNmmD&HMNmM)
o (b) |3.40MN (0.45) |3.60MN (0.48)

(N =AV7 1% %)
18 X M 2.83MN (0.38) [3.01MN (0.40)
EAWHKTRIE | | ik (a)|0.39MN (2.10)|0.47MN (2.35)
. (b)|0.46MN (1.09) |0.56MN (1.25)

(R

iMifEEE 1 8 | 1.95MN (1.24)|2.38MN (1.45)

* (a)(b) : BEEEDQHL D KD — R
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Photo 3.2 Front view of the first-story structural wall.
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Fig.3.3 Specimen transport route

Lig

@ : HED v v& (100tonf) 18&
O:HET ¥ v¥ (50tonf) 14&
O: 737 b, s

1 i)

B34 ProFTYyTROMKE D vy FAE

Fig.3.4 Foundation strengthening and jack installation point.

HH¥ 35

Fig.3.5 Open experiment scene.

NHEBRORET



FRITHEE REHARBEBRILRR 702 o 7 b EROERCEMERBES — RHREN

GiRLUDSR:S

BRI DAL, Kt inEEE, A OEE, i
DEH, O—REIVOHNERE, &5 888 i DA
2ol AWMIBVWTEIHEHT 27— OFHHIZEM
ZUTOHE TR,

BERICBI DY T T EEEIT 1.0kHz & L7z,
ARIZTHWETF—YDSE, BABIUVERL, Hi
B E LT 30.0Hz DO—)SA -« 74 LY Z@HAL
TRTOEFRENERT DL D OERITBIT S
Bl LY Lz, I#EEX, 0.05 Hz~30 Hz ®/\N >
KINZ T 4 )V ZfEL 7=,

4.1 JEREZELM ()

1 BOREMZEMZES2012, BHET— I EITHK
BLUESEFH T L -T2 2 K QBKATT
DR, B KO EEEE R 5 D £ 5 42 K i D A7 25 47 2 5t
MUz, FITHWEZEMEOMIEZK 4.1 12, 2 BKRZE
Rr DEHAISA B Z B 4.2 12, X W0 DY HIAZALDEHA
%X 4312R7.

2 BEREAMICBIL T, Yy, Yol D OBHEDRE 6 &
(X1Y1, XoY1, X3Y1, XiYs XoYs, X3Ys) KBVWTX, Y, Z
BHMDERZITV, XoY, XoYs DY FRZEAIZDNT
1%, BA52BEOEMEEEML TZEDFHZET>
7=, Bat OFHIENT 6 B X3 A +2 X2 k=22 ks
TH5.

2BEREM D X, Y HDFHANCITEIC A T 1 REE
KB (B> 7 2 MHRE, B2 GYKM-LS-500-FX8S8,
BIEHPE  £250mm) Z AV, Z HFAEOFHENE L —8
—Zf7F (BWKEYENCE %, #X : LK-500, HIEHH :
+250 mm) ZHW/AZ. XY, DY FHEIZDWTIE, ME
REME, LY —ZEMNgdBE0T 505 > AREN
3t (BRIt FndE s, B D3 00AS, HIE&F : £300
mm) ZiF 87~

HEBRRIBOEMIT DONTIE, MEBEAIHSTED 2 5
(X5Y2, X3Y,) WWBWTKEX,Y HHDH, &4 ks

DEHEZTT-> 7=, EHENZIE O v RBIRERL M E (>
T A hREL, B 0 GYKM-LS-50-R88, JHIE&ipH : +25

mm) Z2HWEZ. £/, O—RKt)ILOLETOH#KRELD
ML % AR MAMERIC K O FHEIL 72,

T L — AW EE % 3,000mm & U, 2 BEIREADE
HHAOEMEEZ D EEBICEREL 2. T 7 L — L4103, |1
BRRENECZEZOXBEOMEELRND D, TES
FUHEMTRIEO S WG & Uz, HRFE O SHIRE
FOMEELZYE T L —LOEEIRIKIL 443 Hz TH

> /=,

Isd, AFHHILIETE, 2 BKRA I 7 OkbAMDF
B, 550, BET BEMBAENC BT B ER

BREDTEHENEENDZEITRD. INHDOEETINT
NHEHL, 7 BUBIC R T EHIT — & TR 76
WUER 2 N 2 TWwis iy,

MEFFREYE : RE. (my R R)

LB. (V> 7HR—=1)
UJ. (= "—=HLTaA])
dom _ L3 ain
R.E. ——————— h
AT A RERGE XA
t Zlr
4 i —{1 i
R.E. uJ.
A UH B AR ES
(7 R RZEALEE b [EER D)
X 4.1 247N DR

Fig.4.1 Outline of displacement transducers.
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Table 5.1 Test program and properties of input of earthquake motions.
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Fig.5.2 Displacement response spectrum at 100% amplitude.
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Fig.5.3 Modification of inverse transfer function.
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Fig.6.1

Shaking table acceleration time history and acceleration response spectrum.
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Table 6.2 Damages and maximum response in respective test runs.
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different types of displacement transducers.

e 120 e
| —XiY1 —XiY1
g 3 — X3Y) p. : 1 '5'6() F— X3Y
[Rami} O— —_
&= g 3 | = ol TN 5 |
R 4 X
) : TEh -
6 X2Y1 60 X2Y1
6 0 3 6 -60 0 60 120

-3
Z245L [mm)] ZE{L [mm]
7.4 2 BEIRZEAL  BIE R O g
Fig.7.4 Comparison of second floor displacement measured at

different points.

iR 3 DLEME, XY, ICHART, #Mio— Ao XY, T
REL, BEEBEMO XY, T/hEW, ik 3 TORK
IRE BRSO L, XY/ XoY 28 0.64, XY/ X.Y, 78
1.34 ThH o7~
EAEOMENICHT OV E N OFREAENERTE IR 4
DIk, BEBEOEMLOEIZ/NEILZD, MESITBT3
BRSO HIE, XY/ X,Y, A8 0.94, X;Y,/ X,Y,
M 1.08 ThoT.

7.2 JBEIZEN 2~6 )

BRI BT 2K E EREEN O S S H O 54 %E
R 7.5 RT3, BRZAMEL TR, XY, B 5
REZROD EFTRLTWS., Y HAEIZDWTOR, XY,
BT RZLHBEL TRLTWS, ZTZTIHE, 1
8 DML 2 BIRAM E L TRLTWS,

BdE 3 LART T, X HME LS TR s nc/ha <
BB MAIBRTHZDITHL, HEMEBENTFEAT DY
Ht, 2B FTHERSAIIRTHS. 2~6 B TIT,



ERITHEE RE T ARBEBERILRRI T 02 2 7 b EROERCEMERBES — RHREN

JB &k, X HFIHOLENY FakdbREL, Y A
THERXY, DB XY, EDKREV. XY, QY AHATIE

IR 3,480 2 | BOEMOBKSBMOREL D & IHE
TH5. | BEFEMEOHT OOENIT L 2RI 2
ZOERELTEALNS. X, Y,Z HHED, 1 @K
WL 7=miRs TE 1 BEFHOSHBIRICELL TV5S,
2L ED Y FREMIL, KA XY, DN XY, &0
KEW,

LR 1
 INdg 2
L INiE 3
2 INYE 4
1]

ooDenOo

8 4 4 8 50 25 0 25 50
Je& [# ﬁﬂ [mm] J& 2847 [mm]

()X FE (XY

3 2 -1 1 2 3 -100 50 0 50 100
E%ﬁﬂrm1 J& [ Z A7 [mm]

@)Y Al (XiY)

g 1
IR 2
g 3
- INYE 4
1]

ooDenOo

6 o : g 1

5 O: Jnf 2

4 o : Sk 3
O: iz 4

3 O : g5

2

1

8 -100 -50 0 50 100
E%ﬁﬂrm1 J& 1 257 [mm]
()Y HH (X:3Y)

SR 1
: INiE 2
: iR 3
s INiE 4
) 1E/]

J&

— N W A
% ooOenoOo

1 0 1 2 3 -10 0 10 20 30
J& [ 28 [mm] J& [ 257 [mm]
@)z A (XiY1)
K75 ®mAISEBEEND DT

Fig.7.5 Maximum response of inter-story displacement.
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Fig.9.1 Base shear and second floor displacement.

9.2 BRAKNDEIHRSA

IR 3~5 DN T Y HRIDEET AW HRED 5
fiZ2M9.21CRT. K92 KIERBORKNISEREEA

Wi fR%, (b) ITIX 1| BREAWM IR KE 2o 2RI
BUs&EORAENIREE T Oy ML, ZNENOME
1 EOBE AW NIRETHEAELL TRLUEZ., Dz
O, — RN NS E LT, HEBEEAK IO DR
oA, BWEABOA, E0HICKABREERTRLT
w3,

BREY HHRORKBEREE AW O0HE, IR
DENVIZE D HOEIMILLEH/NT L, 4,0FH 50
BH=AEsAICEBRISHIEL TWE, —F, 1 B8
WEIHIDIRR EB S 2R EICBIT 2 & BOR AR D4
i, B=ABSAEEFMOPMOSHTH>

S50 A0 B A EAE L TRRAE KB T 2 B E T
T, EEEEZEZE LGS, 1B Y Ko RE KRS
13 4.5IMN (R—Z T 7% 0.60) THO, H=MAFns
FOHBEEURT2B%BRELRT S, 1 BEANIE
HKEMHOEEREZEZKREL LERI>Z—KELT, FE
KRS BN I RO ENREZ 5N 5.



B SR A BARR LA 7R ERE 55 321 5 2008 £F 3 H

| O iR 3 (25%)
o JIN¥E 4 (50%)
1 o NES (100%)

3 3 - Aiﬁj\qﬁﬁ
f f 1 === S
2 2 e g
1 T S L . %ﬁ%”
. <aAE | AL 7
0.5 f 1]5 2 05 i 1]5 2
i@ A 87 1R 5 & AW T34 5K

(a) EORKIGE (b)) 1 JEE AW R KR
B9.2 #EY HMDEE AW IIRED ST

Fig.9.2 Story shear coefficient at respective stories.
10. il EERE D IS B PEIR

10.1 T ERE QBB DN

AEBRICBWTIE, ZeRElEE2EELRE. L
Lans, ERINEICRKREL D ETFHRINSHER
BETHTIE, EMPTIco— R a2kATIESHET
—TNWICHEET 2D, E#RzEET—TIIC
REET DMOIALITEERTEEEN S D EEZ 5N S,
T, MEEETHOEMERIMKEEEZFHIL, H
MO TR E LHFBEDINENDEEITDONTHRAL
2. 2B, EBOREREMNOEZED MBI SERD
MELET B,

10.1.1 T BB EE R IR KK E 2 fr

FE72 IR B4 % 1 it 2R B T D HL A L K i 7K SE 4
AL LT, AE2 fmOA—Ey 2K 10.1() 12, Y
Hmow AW — 2R %ZE K 10.1 (b) 1277, K 10.1
(b) OfftEE, 421k O— RE)V OB EEHE &
U TR =Mt BE Ll R AW ) Qo & L7z,

R R I OKEEMNT, IR 4 ETIE XY AAED
1.0 mm RiETH B2, MIE S DY HAITHEAL, &K
109 mm IZE L. 2RO Y MK EENIT 98.3
mm CTHDDT, EBRKHEID FTOELENZD 11% %
DI &5,

HEER K AKEEM DL <IE, O— K&l & K
PL-40 DIREN BT — TNV EOHEEGHIIBITHEDITES
EEZENS. ZOW D OEMEFENIT > TWiang,
KB, BEHT—7Iid0— RV EHR AT S
TR BRETSN) BN Y ARNCIEAEE 18 mm f2EE
S TWhk., —F, BAREMEBREBIZIS20-FE)LE
T O FE L O ZE AL, AKE Y A 1.5 mm A i,
$R1E Z 410 0.2 mm Kt E /NS o 7z,

10.1 (b) IZ KU, FEMRRIKEELL D BRHITIE
RLUIEO DR OMEREEBE TS AN 0pld 3.58 MN T
Hol. BEMREZREG T — 7 IVICID T SERIC 8
ty hoO—RE)LD M48 RV MTEAL EEE DR
ESNL 424 KNX4X8=13.6 MN TH 2 DT, A DH
HERHAL, BERNWOBZHENE L THEE L EEBREE
0.4 E{ET UL, WEHEHIIZ 544 MN &72 %, R

FERICBWTI, ZNEENTRNIWKES TR A
ChZ&izhs, 2L, KRENMNEHUOO— K2l
WRIEL TIERT2 2 & &, RBHT—7IIVHOBEIC
KOEBFREOETPEAARLOEEELRE (O—F
TIVEEHR T OE®Y v T S /N =0 1 EHEE
BRIV S OIS S—EM/NTEREL ThE) IERT 2
WK OEDICLEbDEEZ NS,

LY J5rm)

1o} — I 4 | L/L< — iR 4 |

, — IR 5 — I 5 |
i -15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
X7 MZEANL [mm] Y7 ML [mm]

@) X-Y F—E v b (b) Y J5 a1 j@E FE b
X 10.1 5 E iR EE T A B 4L K b D /K 2L

Fig.10.1 Lateral displacement of top of foundation beam.

R e O L U R
— —

Y 25 [mm]
MMEREIEE TR AN/ [MN]

H R K 2 ALIE +10 mm FREICRE> T3,
AEBICBNWTE, RBET TN RKIKOERIL 6209 &
EE R s M48 2RI L, bO— Kb )LHEHK PL-40
RS T — IV RRICEHEEL TWS, O—RE))
BESMRKOM TN 520 THB2D, ZNE6RIL MEE
LBEDOEDEETHD 1I8SmmBEESOBONEL, Th
VBRI E PN E Ul & HERINS.

10.1.2  FERIEEIL A PEIR

iR 5 1B 5 2 BER B L O B EE T FE A2 K im DK
SEZE AL DR LI RE IR 2 X 10.2 1R, ERIOIGEICEH
U, REIDOKERIEIETH DK% 6.663~7.021 7% X[
(@), 2HZBHMN DR KDIRIETH 24 7.506~8.022 B %
Ki®)E LU TIER L TRLU ZRZIERE 2K 10.3 12R
9. Fiz, FELNCBTS 1 ERAK 2K 0 BLT
it EEEE 1 B AW 0, DRERIRERE 2 K 10.4 ITRT.
BT, AR R AKEELLAEA UIED 2% %O,
WRDETT DL %2Q, 2 KA AMEZ R T
WER@ELTRLUE.

K @IZBNWT, OTHEBRRHEMDERLIED S
EEBI I BREABNTEER QuDETHIEE> TS,
I7abb, BRARMIE, EBEHOWED OFEICK> Tk
FLTWS, 2720, OO ATIHERE 1 BEAB O,
WBHEIT B OB EL TR, 0, BmAMICKIF U Hif
HMOWD DEBININWEEZSNS.

XEOIZBN T, K@)k D /A NWEAB N D
INEWEL THEBETOWONECIHRDTNDS, ZHICHE
W EEE 1 BEAWH 0,13 —HREEKFT 2N, %
DB THBMOEMEEDBITHEAL TV, @I
BOWTHIBNEILLT SO EIFERRKIIC, 1 BEABhE
K Qu, THEEE1HE AW 0, EDHEHITH &0, LR



ERRITEE KA REBKBEAAN 702 27 b ERCERCEMERMES — Ik

2 BEREMOAEARL TWo -, SEETAHATIT
LamBic L, QERMBHICBWT, TiHEEEREESO
T ABT RO SR EEEOE ANV UEINDILRA
AU TWE, RKEOGO 1 BEABI2E Qu 13K (a)
OTHOBDDLURILD/IMEL, ZHUITAUKBEL =
HEHOMHWETFICL2EEXALGN5.
DrlzaFLdsr s, WEITOBREELT, () ME
BEFE 45 O 1R (IR 4), (2) EEE O D F 4,
BIUOBABHOEITSE, 3) EBEo® &L, 4) i
BEEQR AW T NOME, BXOEFEOTANRE, &
WO HBROREIBFNEAZO5NS.

100

- — 2k
g — SLHER T |
=50 /\
.‘\:_‘
X, A /NA/W
< \/
T e ‘ N 5 (100%)
s 6 12 13 14
H%EZ'J [sec]
102 ZEf7 B s LI iR
Fig.10.2 Response displacement time history.
1oor —omk — 2Pk
=z 80 — AR o 80 — ELRER
E 60 |- Qi E 6ot 1Y b
= @iy " QWY #Y
a0 @%ffk T 40T @APIK
N RPN OF
B 20 - B 20 1/ .
X 0 4 ) _/I I
Ole8) re @
220 . . 220 . .
6.7 6.9 7.1 7.6 7.8 8.0
FEZ] [sec] FEZI [sec)
(1) hodz 5 (Xf#(a)) (2) oz 5 (XFE (b))
103 EAOSERELIEE GRO$EK)
Fig.10.3 Response displacement time history.
(Partial enlargement)
8 8
St 2
24 R4t
22t 22
P L G
[ 0 L \\ [z 0
-, 0 \ -

6.7 6.9 7.1
4] [sec]

(1) i 5 (KFE(a))

(2) Mz s (KRE(b))
104 B AWIRERRIE GER2IER)
Fig.10.4 Shear force time history.

(Partial enlargement)

10.2 MfEBEEOHITE—AL b
ERIMRICBTBHMEEE 1 BEEOBTFE—X > K

M, & 2 BERZEM OB ZK 1051879, FRX P 2k

HETRRHREREME M, BHPIHFETRL TS,

15

[E3)

M, —aO'l ,+0.5a,0,.1, +05NI,

wy= wy fw

(10.1)

2T, a,: SURMAEEM EWEHE, a,, @ B2
WriEifd, 7, 0 Wk O UG HEERE, N EITH B, L, L,
IEEER, BERME ORRRIENETHD, I TR
THOMEABIC K 2BRASNTEZA VTN S,

HRE AR T8 DR R SRR S N2 R 4 12BN T
EEFIOERT E— A > b M, I3 —HEIBIZRIETNR
53, Mk 4 1THBT 3 EAMEISHTEFREFEME M,
LRA%ETH-7=. MESITBWT, fiFE—A>F—%
PLEARETFROMEZIE 173 BECKTT2H00, #ilF#
R EE M, 2 KELEESITE— A2 MOFEE
U, BAME 17.0 MNm IZ#EL 72, 23Sy &R st
Bl M, D 1.55 f5I2H% L.

HEMZ EREAMITE— X MOFEALZERELT
X, BT, BHOEAEOEENEASND. Ik
FEMIINIE 4 TEEICHREAZBATED, WEEM
TDR10EOMIRS TIIEASBLBITEL TS EHR
IND. TR D19(SD345) B X UEEHEAT D10 (SD295)
DM REBRIC XU, TN, BRR AR T EIX 398, 369
N/mm?, 5I15E5E 1% 550, 516 N/mm> TH B DT, = 10.1
X0, BAENMICEI>THRKR123EICLEFET S,

EBUC, BRIHORAEEOHKENEZ NS, £ D
BEAE O EBH BRI ST TlE, BWERATIC BT 288 O E S
HEICKDEMOM T ERENAS NI TS, L
b AREBRTIIBREAZKRESHEALHEBTEAEE

WHETHEEEOH 2T — I DB TETHEST, EH
JET“OD%%iBHb# TTETWRN,

ZOERELT, £HMhogENEZSNS. W
%@&H% AN M, BRFFIZBNT, O—REILiC
KBS AN, IZ 1.0OMN Th o 7=, BT KRR EE
EROHEIS N ZHAERE XEMMICKDFHEEID
1.76MN &L TW5 DT, £8ilI AN, 23 10.1 Ol

N ICHMICELGoEE, i &RmEstEE M, X

125 f%IC LR/ T 5. 72720, BEEN AN, IZBRMICK
S EFHLMTFE—A> NEOHBENHSENTIEZL,
MEMBHOEZEDLED T, 5%, MHOVEND S,

-50 0 50
2 PEZE N

10.5  TMHEEERIERMNT £ — A > b —2 BRI B fR

Fig.10.5 Bending moment at base of structural wall and second

(mm]

floor displacement.

= 20
Z 15| Y S A
E 10 |
N /// ]
X0

| sl |
w IR 3 (25%)

:é -0 M, —— N4 4 (50%)

= -I5¢ —— NN 5 (100%)
& -20 ‘ 100

150



B RBEBANHZERTR 7SR 55 321 %5

10.3 THEEEDOE AW

FERMRICBTBMER 1 BEAlh 0, & 1 EEH
ZEAOBRZK 10.6 1277, 1 BREMZEMIE, 2 BKE
P& BEMRRRMEMDESE L, HPITIE, AHZX
LBOMMEEE 1| BOAETAMNEEME 0, bHE TR
LTWwa, 2, REEFIERICES X, M 1 BORA
KEMANS, HRERMFEICKDAH08AN T &£
LBIW/EETH 5.

MMEEE 1 BEAW 0,120 TH, IR 51BN T
ZLUSHEAL, mAREAWINIZ3SIMN THD, REK
SEMHEEROAET AR O 218 fFITEL 2. FHEME
#REL ERISTHER 1 BE AW 0,04 C-ERIZ,
1 BREABNTEER QO LEAOEKEREETHD, H—
12,102 i THRLUEHMOKFRED ERITKSH D,
BT, 9.2 MiTTHE L 2% 0 I WIS A )1 o A
DEBIZED2HONET N5, REKEMNIZ2EZFE
U, NhnfizSnafis U, Moy mE o I
BledBRIC K 2 B5EMEZ AW, 220, MHEE O
JREREIZ 10.2 @i CT/RLUZZFEBRICK S RERLEMEZH WV
T, MHEEEOGHEE AW T EMIT LR D 1.95 &
ICHWARTS, EE2DOERTRBAMHTESLEF A
L0, KA, FHEMEOFINNI N, ZOERKREL T,
AEEPFTEAMOSmELZRAT T OEEDFE,
ANGHMESHEDED ZERENFASNS.

— 4 _ ‘
E 3 i qul T
_; ) 7,70 Y I S 7[———— %m i
=1 // ’ E
S|

. i
— Ny Iz 3 (25%)
2 —— R 4 (50%)
-3 -Out 1/100  1/50 — IR 5 (100%)

E ! ! ‘

“L50 100

50
1 JE@HIZ AL [mm]
10.6 THEEE 1 EE AW —1 JBEMEME R
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inter-story displacement in first story.
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Fig.10.7 Comparison to calculated shear strength.
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Table 10.1 Member stiffness in linear analyses.
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structural wall in respective test runs.
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Table 10.2 Lateral force distribution in linear analyses.
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Photo A1.1 Overall view of the specimen before test. Photo A1.2 Opverall view of the specimen after test.
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