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Seismic capacity upgrade of exterior walls with typical opening of low-rise
reinforced concrete street residential buildings
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ABSTRACT

KEYWORDS:Reinforced concrete structures, street residential buildings, backside
exterior walls, opening, seismic.

Low-rise reinforced concrete street residential buildings are a common building
type in Taiwan. Due to the need for ventilation, lighting, and passageway, the walls of
such buildings along the street direction typically have a significant amount of opening,
resulting in a significant reduction in the seismic capacity of the walls. As a result,
many of such buildings showed severe damage along the street direction in the 1999
Chi-Chi earthquake. Currently, there is no simple and effective means in the
engineering community for the seismic evaluation of the walls of such buildings along
the street direction. The 2013 ABRI research project, “Seismic behavior of exterior
walls with typical opening of low-rise reinforced concrete street houses,” studied the
effects of types, sizes and locations of opening on the seismic behavior of exterior walls
in the back side of the buildings. Suggestions on seismic design and evaluation of the
exterior walls were proposed. The study also indicated that the exterior wall of the first
story typically contains a higher area of opening than those of the other stories. This
caused soft-story failure mechanism typically seen in the 1999 Chi-Chi earthquake.

To upgrade the seismic capacity of exterior walls in the first story of low-rise
reinforced concrete street residential buildings, three methods are proposed in this
research: (1) boundary elements at the two sides of openings; (2) confinement
reinforcement; and (3) diagonal reinforcement. Construction of full-scale walls showed
that the proposed upgrading methods are feasible. Moreover, casting of the upgraded
walls showed little voids and segregation of concrete. Cyclic tests of upgraded walls
showed that the use of boundary elements increased the strength, ultimate drift, and
energy dissipation by 21%, 20% and 50%, respectively. The use of confinement
reinforcement and boundary elements induced unexpected shear friction failure. Further
research on this issue is needed. The use of diagonal reinforcement, confinement
reinforcement and boundary elements increased the strength, ultimate drift, and energy
dissipation by 50%, 150% and 317%, respectively.

In addition to the seismic upgrade methods, a seismic evaluation method based on
pushover analysis is proposed in this study. The proposed method can consider the
effect of opening on the wall behavior. Seismic evaluation of existing, new low-rise
reinforced concrete street residential buildings using the proposed method showed that
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even though the buildings satisfied the code requirement for design peak ground
acceleration, the failure mode was associated with a weak, soft first story. This was due
to a strong beam-weak column design and weaker walls in the first story than other
stories above it. Further research on structural system design to addree this issue is
required.
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-16.25mm) T o MM a2 f e ip 2 BT A(TRC LT EZ 2 P E)E 2 Wi e
Bron o Bl TR LR LT AN FE  c BAHFUZE g plE T2
Bl pdre B4 PRED S EE F2 8- f R4 BESIER o Rl E A
® > 5-145.41tf -

R A+0.75% drift(z2 48 4% 5 +24.375mm) T > AT AR FFH < > 2 )
FURERE T gRET B BRATR - FLE DD
P4 GRS R > 44 EE A B 0 % 118.63 tf o A48 4-0.75% drift(GRAYg
«-24375mm)1 PR R e 2 HMBp AR RAR S > T ORP R § F AR AR

B m S okt <ol B R4 5-133.290tf

=l
oA

=

HAE A +1.0% driftGReg =4 S+325mm)™T o d L FEIFTH T LT 42
TR FEIRPRGFHT AR 0 F RERE R ,Pﬁmuwﬁ R
FAA KT wsES B4 5 102.46 tfo x4y £-1.0% drift(:248 =4 % -32.5mm)
To e AEBFEERE TR 2 IR TR LT IA#HBe YT Y P
T MGG 0 L R A AR +10%drift RE PR LR R4 S
-118.88 tf

XA B +1.5% drift(R A8 45 5 +48.75mm)T > I % BT 5 KB T f v
B ERUEL S RE FHEP LB AR g E B M EE T A
Pl4 4 5 97.69 tF o AR A-1.5% drift(;& 48 =4 5 -48.75mm)™ > f @ BT T R
B AT AR B R TN RS 599541 ¢

FAE A +2.0% drift(zE%8 = # 2+65mm)T o 4 F o pEA A2 s gt i
83.88 tf o ::48 -2.0% drift(;:2 %8 = 4% 5 -65mm)™ - j4& 4 5 -80.8tf o 248 4-2.0%
drift(I)pF » @4+ #2F% <> > 5 51.65tF - -2.0% drift(11)p » plde 4 v% 5 vE 0 4
-67.3tF > +2.0% drift(I1) ¥ )3 4 5 61.4tF > -2.0% drift(I11) ¥ @3 4 5 -59.3tf -

;.%5,5%1@-)\ 30%dr|ft ;’; ’ TF"J#/H_" T'JEFI &Fﬁ——l ) U ]F‘Ij‘g_% "i_,q_ 1\}@"57\ %K@
B BI4E4 5 66.5 tf o £3% drift 1w B2 & 18 ) TR A 0 R B Wi T
FHLREERERESAERT RIS BRELFLEFF R - EFFRELT
%0
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B3 348 3 b AT
(FH &R ~F § 5 #8)

(4) #HARHES

FH +0.25% drift(zE48 =4 5 +8.125mm) T w'p@%%raﬁ Pz ))
,Avi;mn :é’;é_i PR D B ARG F R S AR
GoF e ¥ G2 A5 RA M HFR (RS T 2T ) S 5 8542
tf o + +3.F f;\m;x S4m R4 B4 o A8 A-0.25% drift(z 48 =4 5 -8.125mm) T >
R AR BRENHERR TR A AP N TR P R
(et -t TR)b AL A5 RS a0 P S AR S 2 Bls s Rl
5-1170tFe =i o AAFF5%RA o

R 24+0.375% drift(GE 48 4% 5 +12.1875mm) ™ o B dF F i 4o o B FH G A
M2z PEBMIET RSN AARIN e > T RES - AL
@Y G 1084210 4k kTSRS AR 50 R Al e 2T

B oo 348 5.-0.375% drift(z48 4% 5 -12.1875mm) T o F 2 P2 Bl gk o
PG AT R A AR > SRl T Al W plded 5-1325tF 0 4
2 éi]ﬁiﬁ r oo
3EAE A+0.5% drift(z2 48 =45 5 +16.25mm) ™ > RS SR A AR R FHE L 0 T
R OREESFLG A SRE A i’ WA S RTRAE S ATH L FA e A RIS G
13183tf e +fad BI My Fr o HEA S > PHFEL LTk HH S 4idp
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LRT LA E PN G 2 54 B a2 & 4 R BB o 3248 1-0.5% drift(iE 4
=4 5-16.25mm)T > Al Ayl eip Rz B r A(F R LT g_; L kA
Qi o M) FRT LR T AMNER c HAHNE el 2
R HR 7 5 ABITHEEY (75 0 B4R 4 5 -152.8tf -

SRAY f+0.750% drift(iE 4 =45 5 +24.375mm) T > %t HETARFE I - LR

B BREAKRE(E 4—:5,_)b avz&\,g_g%;,]];g, I e T L S = ST B % 1)
AH o a4 xiﬁx‘\ > % 146.6 tfo 3248 %.-0.75% drift(;& %8 4% 5 -24. 375mm)’r ’
R AR T (% © &) e RN e 2 e P AR RAR S S P R R

TEE AP :%E B R R S e S R A - SR S e M o L IR R % 8
AL lde 4 EE X E 0 5-169.13tf o

A A+1.0% drift(zERE 45 2 4325mm) ™ > d LRI FBEIFTEC LT A2
TR FEIRPRGFHT AR 0 F RERE R ,Pﬁmuwﬁ R
FAA KT RS Bu plde 4 % 136.6 tFo 248 &-1.0% drift(z48 =4 3 -32.5mm)
TR HETARERS 0 AL P RELERATIRE TR
TIve W T p T HEGEge o R4 5 -160.35tf -

A A +1.5% driftGGRa o 5 +48.75mm) T > T e AT T OIS > K M 42
FTAEFL GRE OB ZEBERRR(F T AE)ZD v g‘g&ib&ﬁ,‘ B

=
=1

£ oo 44 L 13144 tf o 48 4-1.5% drift(zE 88 =4 5 -48.75mm) T > & f v R
LERKEA o RV FWLBM KT LSS PR T4
B 5 e b R > 4R 4 5-138.125tf o

A A +2.0% drift(GREE =/ 5 +65mm)T o G REAEETE B BREBUR 0 ¢ Sk
Aee RF5RHER > w o fRT jFoyes > R34 5 85.2tF - ;248 £.-2.0% drift(z#
B 5 -65mm)T o dem iRl b e T € R(BMEEYTE )P REDL A
% AR e B BUR 0 RIS 596731 o

A A +3.0% driftGERe =/ 5 +97.5mm)T o & wd 4 2 An R S o B s

I REARERERRFEA S L (R ) AT Lk TR A

FEI - TLEA O R4 5 70314 tf o 288 %-3.0% drift(GEE =4 5 -97.5mm) T >

PR R A o FURE B s BER S BRRATR AR E 50%
T Rl 5-839tf-

A L+4.00% drift(GE e 5 5 +130mm) ™ o o BLIRE A foak R ody 9T R
RS FI4EA0% 0 2875 > RI4LS 5 6406 tF o SRR &-4.0% driftEa 45 5

-130mm) T A S Bf 1T e 5684t &0 @1a%1?i 40% > #| ZiE A
B REPPBRFMAYI B FrE ey 2 RTFEER FLR

FER -EFFSERT % -
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B 4 R4 4 5% BUR T

(FH &k~ 1 4 #8)

(5) #HM5FEHKLES

4 +0.25% drift(zE4E =45 5 +8.125mm) T o JEBRAE S e (L -2 T %))
B Hads A HAEE RS LA BARG PTG AREAAIR
ROkt R 2 A5 RN R (M RE D oL P2 T e ) lde 4 S 90.08
theo L4 FIRF F 4o 5% 4 A8 o 3¥88 2-0.25% drift(zE 48 =4 % -8.125mm) ™ »
e AR RENHESERRE Y AL m AP TE PR RE
w(2t-+Fw)t A4 A5 R e b @ > P3N S g2 B R4
5-110227tF - 2414 o A2 F SRS Ao

WA 1r0.375% AriftGHAR (45 5 +12.1875MmM) T » Feiok fe B 5 e 0
PSR DT ERERARRG A ERS p HARA E
W et s 122676 tFc iAo KT A EH S 0 md AM A8 Tk
Vo oo A 5-0.375% driftGAaR 43 5 -12.1875mm) - § 2 2R AAF S K
P ORATR A AR SRS M ML RN R TG
TR T A A4 5 -137.622tF o 41 g R K 4

AR £+0.5% Orift(GEAl =45 3 +16.25mm) ™ » M AEETR B R LB F 2 Ao A
Mook T e HEE R R B A e N RIFA RS 0 R4S 5 130.387tf -
L BRI MEF R AEAL P EEAS KT RS H A g T R
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RPN g 254 Hd2 22 57 P A o 328 2-05% driftGEsd =4 %
-16.25mm) T > Bl f e dp 2 BE G o P R A R M o B
e R AR KT e HEER L P HYd TR LR LT AN
Boce B A#UZ Shaipds § 2R AR BRECARTET 7S 0 Rl
4 %-156.182 tf -

A 2 +0.75% drift(GR e =4 5 +24.375mm) T > G HME AR FE I - W
B MR R A KT o BlAe F A REA LT 0 P BUREAE BT
FAF - L pd SRS PIEE R4S EE L B 5 157.96 tf o 248 £-0.75%
drift(zEa8 =4 5 -24.375mm) ™ > BA R 4v 2 Blddcp AR kAR § o ¥ Bi4E¥Te ® oK
T B A EERP R B GAAR A PNAHEFEI- TR F
4% - foe R4 GRS RIEE o R34 L E L o 5-174.886 tf -

A A+1.0% drift(zER8 o8 5 +32.5mm) T o BEEEETR TR T B SLBUR )
LA bed > ST B AW RRT 4 2 KT e R R > LD 2 TR
RHEfFE M TFIERAST S RAEFOOMEY S B2 KT T4 BEG R HEE
PR A 0.375%M 3 dp- 1 IRk Lk 141 ) FHFAA KT o RS Ao
Rl4E 4 5 141 tf o 3208 2-1.0% driftGEe8 =8 5 -32.5mm)™ » § % R34 Bl
ARG L o B A OTMAEYTE BoRT R BEREIE L BRE o B W
IF L RIER M a4 5-165.3741f

R 4 +1.5% driftGREE 4% 5 +48.75mm) T s AE AR ET G B T 4 BB R B AU
TEREAMFLSERLE TR RAFIEH LR RS2 BT e
8 Lpldid MR 2 T4 BERRB KT AR A5 B L2 T4 M 3
4 % 113.64 tf o 348 £-1.5% drift(zE4 = 5 -48.75mm) ™ > Mig¥re B2 T 4 B
BGRB8 B P REDL 2 R T RIE RN FIT 4 AR
PR RRL T4 BBV kT e T T2 M R4 AT
SRR AY ASEA RN X T 5 TARFER < AR R4 4 5 -120.504 tf

TR B +2.0% drift(GERE =45 5 +65mm) T o M AEETH B o Bef RLIE o KT W
PRBERREY LR PR LR AL R - LR A RA ST 4 A
Mo f PRV FOTE LB SR 0 RldE 4 82225 5 tf o R4 2-2.00% drift(:E e
# 5-65MM)T o dodh TR (M AEETR B TR T T 4 BEIRS » X A PR R
S AE o B e BRI A FHMEY R kT e RE TR ¥ L
Plbg 2 g 2 T4 Bk > 44 5-80.7tF 5 & F4R7 3] 50% o

A B+3.0% driftGERE =48 5 +97.5mm) T o EAM M AEETG B BE £ D)k T
A ORERAR S P RR W I - RIE R M R RS R P RE kT
4R PR AT AR 2 AR R4 5 70363t Ak
B 7 5] 50% o 3#4Y £-3.0% drift(z# 48 =45 3 -97.5mm) T o g it k1l B A
#5 Fok TF 4 BBAREE w0 1T SRR T R Rl R 5%
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PR TG FMe gk ot 2 AR M e L R ask o Rlde 4 5 -57.521tf
R W) 30% 0 b BRI A LR R ekt Bid XS R
LRI RAF G - BEREEATR -

74 gy o ol e O
5 S //‘r- e A
I ol i T Wi l el
i = S 7 :
- s & (IR e .
ot ar. e

B O A D &R
(FR*XR . 277 i)

(6) #H8 63k %

IEEE 2+0.25% drift(zE48 =45 5 48.125mm) ™ > A4 RS E N o dad k2w
DR (L -2 T A B ) A A B MR E o LA 4 B 2Fok TR
4 );;‘\'JL’% v 2y AFASA A )i‘u% s i34 % 100.49tF o 2248 4-0.25% dnft(;é&g -
#5-8125mm)T 5 A4 SARRT S 2 e L BlA s B G A 30
HL e JAAR S s T MR PR e LR IURR T SRS A Rl
4 129.7921tf -

IEEE 4+0.375% drift(;2 48 =4 5 +12.1875mm) ™ » & 4 Hoif FTerimpc R B i)
Frwdd pze o B HEBFEY > S FNER G TR (L2
LT)F R T A5 R HAL £k TR AL e LR T AT
Rl4E 4 5 125.13 tf o 3#4 -0.375% drift(G2 88 =4 5 -12.1875mm) ™ > A7 #ciE >
o el T M wFud > TRDEP B s
KT A Mt WG R G0 fpldE 4 L -158.3tf o

#48 A+0.5% drlft(;f—k‘?g [l S +16_25mm)—r , ;l%,?g BALET G 2 % 3§‘me )ilj yn
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e W HAE R o 2Lk T RS AR WG A
(B 156.57 tf o 348 4-0.5% drift(E%E =4 5 -16.25mm)™ > &b f w4 4P
Bz B w Aid 40 S(RBART)T T I AA B2 R0 (V- BEEK
Rd ) HETR R P R  B 4 B mm DT B e o AT 2 A
Mt P R AR T ES Ha § 5 J\—'L’J‘.aé;iﬁ HEIET -G o Rl
4 5-186.81tf -

EAY 4+0.75% drift(z248 =45 5 +24.375mm) T > 7 4 A (RE KR E) D RR
TR P FHBI o o HsE A o MY REIRD e At
g G o AT RN ARE o 2H S DMk TS A pldes 5 191.82
tf o 3248 £-0.75% driftGR 88 =4 5 -24.375mm)™ > § & b & R4 KR F 04 G K
HE PR E AR R v W o W AT R EP B o R4 G
-216.56 tf -

A A +1.0% drift(GERE o 5 +32.5mm) T o B F R AT T R A
F2ARR e BREG e APHZARERS o A i RYFIR2 hmpiﬂ
- B FREFL 0 FL S L H0.75%FF D IRF SR TR A Bl m L4 a K
(750 B4 L 207.47 tF o 2248 4-1.0% drift(zE 48 4 5 -32.5mm)T o § B R K
BW%(F v &)k FAE > N R AR - 2330 30 i R0 6 A1
BEHE oS > B REES RIFZABHI(GEN 3 & Drift 1%pF 5w & T %) >
ARy AP EPFREEMP R R > R4 5-21857tf-

R A +1.5% drift(GER =4 5 +48.75mm)T > e dad B P RRE KR A
B MgSTe RAMTRHFMER > f o BES 2 KRR 273 ®SLHHE
Pl EE X @0 5 222,94 tf o 3248 2-1.5% driftGERE =4 5 -48.75mm)T - Rk
ABRFEFLH AT DEFRES o N > T Rty LF v FER
a5 0 REROR T e dn 5 R OIRAE Y IR o RIdE 4 HCTE 0 5 216.41tF -

LEw P - T HRZL
éu Mo f e BREKRET LBHMOKT 546 L 34 Hfat_T;M EAL R )
B B PR AT el FIRE R ABUR 0 B 5 e 8 KU ends Rl e A 4
s Jﬂ ARFRATE AR SIS A e PR S R IR
’Lr.« s e BRAEKRE (T LT ORI A Pf E\ Lttt an 55 0 & o B4R AP
B2 HATRFFH B2 5 - 0w R4 BRBPIEE RI4E4 5 208.05tf -
A A-2.0% driftGE %2 =4 5 -65mm) ™ > % %éﬁ')if.#? FHR A T ALE B}
CHMHERL - RHA - RER L E T O G kT R
Bf#@ MR ERCT f‘*hd RATAFIHERLIEY T P st
SoF A5 - kw4 BEBPIEIE o R4S 5 -195.47 tf

F A 2 +2.0% driftGGREg =% 5 +65mm) T > F L b A L E e b

*??5

Fés 8 5 +3.0% drift(zE48 8 5 +97.5mm)T > & o4 2 Ap R AE S b B
- RER O RBARE A L (R ) E AT b S RS B
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cycler + F-2 T3 oz B¢ - L4t d iy S FIRBE LA o F0F D] FZ B
cycle 2R3k w ;L 4a -k T3k 4 Ry E T - £.%5 & p4e+4 5 198.6 tfo 248 £.-3.0%
driftGGERE =/ 5-97.5mm)™ » pt =B R A 0 T f o B KB R A W
IAPRREE B - cycle FIZ L A e BREKRERLE RS HE o
SARE D e PRI RE G S HATAETFE L - LR RA AT 50%LT
a4 5 184.221tf -

AR A +4.0% driftGERE =45 5 +130mm) T > ¥ pAE g 0 AR B AT T 4
b ap 5L BRI B bR APt 5 2 cycle R ¢ FPH & 4 5T TR
MATET X4 PES RBRE S 22 KB ET LK T4 S RY > L RPREE
w5 e thk > BEARETR B X INA PR SE C R MR TR Y P AT B B
£ o 44 5 130.29 tf o 3248 4-4.0% driftGEAE =& 5 -130mm) T o BAEETR T

SRR S A BNA T W & e 4 SFLRI S 0 A M A A 2 cycle B

+ 2T b e S SR YT N SN > Bk T LE wap e
EREBRLY S ARKS REAT o flde4 5-157.33tF -

4 45.0% drift(GE 48 =45 5 +162.5mm) T > EREE T A pE S B0 B
R KK L ¢ ﬁagf};?é‘)]?c » pl4E A A P B E40% 0 5 96.16 tf o 3E
£ 4-5.0% drift(GR48 =8 5-162.5mm)™ - = - cycle i L -2 T 2ok
ARSI E o ¢ EE o4 S 2EAESR > T BEY e REREZNE  BA
e E A o 44 5 103.15 tf > £5% drift % — i Bl 8 ) R e BUR 0 R#
BRBMATICH L FEERAEEHE 2R RS R ELFIEFEF R -
BEERisEdPsk-
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Lateral Force (tf)

Lateral Force (tf)

Lateral Force (tf)

Drift (%)

5-4-3-2-101 2
250 ) T ) ) ) ) L] )

Specimen 1
Test Result

200
150 |
100
50

50 F
-100 |
-150 |
-200 |

-250 H—-

-163 -98 -33 33

Displacement (mm)
() A 14 B =4 R
Drift (%)

5-4-3-2-1012
250 ) ) ) ) ) ) ) )
200 F Specimen 3

Test Result
O—&—=% Idealized response
150 |
100 |

50

98 163

3 45

50 F
-100 |
-150 |
-200 |

_250 1 1 1 1 1 1 1 1 1 1 1
-98 33 98 163

Displacement (mm)
(C) R34 Bipo M
Drift (%)

5-4-3-2-101 2
250 T T T T T T T T
200 [ Spec::?rjesult
150 F O—6—% Idealized response
100 F

50

3 45

50 F
-100 |
-150 |
-200 |

_250 1 1 1 1 1 1 1 1 1 1 1
-98 33 98 163

Displacement (mm)

21

Lateral Force (tf)

Lateral Force (tf)

Lateral Force (tf)

Drift (%)
1 05 0

Specimen 2
Test Result

10
Displacement (mm)

(b) M2 4 =B R

Drift (%)

5-4-3-2-101 2
250 ) ) L) ) ) L) ) )
200 F Specimen 4

Test Result
O—O—= Idealized response
150 | -
100 |

50

29 49

3 45

50 F
-100
-150 |
-200 |

_250 1 1 1 1 1 1 1 1 1 1 1
-98 -33 33 98 163

Displacement (mm)
(d) 2844 Zifpd R

Drift (%)

5-4-3-2-101 2
250 T T T T T T T T

200 R Specimen 6

Test Result

O>—©—% Idealized response |
150 |
100

50

50 F
-100
-150 |
-200 |

_250 1 1 1 1 1 1 1 1 1 1 1
-98 -33 33 98 163

Displacement (mm)




() #HM5I Z B R f) #8642 sd R
B 7 #4164 2oy 8 @QFM14 Zepy R 0)RM24 2 &
(C):FME 34 Hpmw & (AFM A4 Zpd & ()R 54 & sy & (f)
A6 B A

21 Rr

AR < R R EE H¥ R 4L

Trodb s EEEESY) | Lokt BE(EHBEES)

L ] 163.4 tf (0.375%) -229.6 tf (0.75%)

WHA 2 263.5 tf (0.75%) -262.4 tf (1%)

A3 119.3 tf (0.5%) -147 tf (0.5%)

A4 147.2 tf (0.75%) -171.7 tf (0.75%)

w5 158 tf (0.75%) -174.9 tf (0.75%)

HH6 221.8 tf (1.5%) -221.6 tf (1%)

TR KR AT Y R

SLETRUGEEE i BVARSE SRS A ét?ﬁﬁﬁfﬁ@’ﬁqé XL wdid e
ARG R AP R AP e L LD R G (A £ R) Fla #4180 E
(# )= - Wrh(=prtas > rdds), i*?#'li‘ﬁﬁ SR EL(RFATIRM ) A
AmA o X FFEBRRFERES  ERFPFAL 25 - 44 (T FEIPR
SR DRSS pep SR ‘ifr"?(i@?\v)éiﬁ AR L

A G ci*ﬁi%?m~%®#&4 o @ FLR G ARG AR KRR (S5 T 2 3
ﬁ‘é"i@i%#*‘s# b 2 e e b e ded o @ SRS e PR ETg P 230
ATRFR Y AR 0 A 2 AR R BRI PR AP S
Floefi 2 G4 T 0 TR A 4$§im WREIT o ot 2 Pk A

Wi~ 15%i e r edrd 2 g2 ER BB Pl e REH T 88%
CHFHAGFNMZ A SRR AEZTEIERUEH 2 5K (80%) 0 3T AR

R R AL 4O R R R A 0 G SRR IE) 7 MR 2~ 4 R R
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Drift (%)
-4 -3 -2 -1 0 1 2 3 4

240 Ye—*&—% specimen 1
200 } S—S—= specimen 3
GC—6—0 specimen 4
160 f - &—2A—2A specimen5
[4+—+t+—+1 specimen6

120

Lateral Force (tf)
o

-120
-160
-200
-240

-130 -98 -65 -33 0 33 65 98 130
Displacement (mm)

B8 B b d A AR )
TR R AETEU

Drift (%)
5 4 3 2 1 0 1 2 3 4 5

240 r Y+—F— specimen 1
200 | X—¢—X specimen 2
&O—&—< specimen 3
160 - O—6—© specimen 4
I~—2—2\ specimen 5
120 | O—B—81 specimens
9 80 |
g 40
2 of
[
o -40 f
IS
- 80}
-120 |
-160
-200 |
240 |

-163 -98 -33 33 98 163
Displacement (mm)

WO B - ahididF e na
FH KR AFT R
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202 BrOBRAL f oo kg

A e R A (T ) R (W)
w1l 0.3% -0.3%
w2 0.3% -0.1%
#13 0.3% -0.3%

#Fi 4 0.4% -0.36%
#A5 0.4% 0.38%
#1 6 0.7% -0.5%

R KR A R

23 Br R vl

SRR B B (1 %) w0 (f )
241 1.7% 1.7%
S48 2 N.A. N.A.
48 3 1.6% 1%
H48 4 1.6% -1.5%
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