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ABSTRACT

Buckling-restrained braces (BRBs) have been widely used nowadays in
steel structures as it can provide high stiffness, strength and ductility without
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compression buckling. Researches on using BRBs for seismic retrofit of
existing reinforced concrete (RC) buildings have been reported. It is found the
construction of BRB and RC member interfaces are often difficult, mostly due
to the tensile and shear strengths of post-installed anchors in concrete are
limited. As a result, the size and effectiveness of the BRBs are restricted.
Nonetheless, researches on applying BRBs for new RC constructions are rather
limited. This research investigates the seismic design and analysis methods of
using the proposed I-shape steel embedment as the interface for the BRB and
RC members. Steel embedment is designed to transfer the BRB normal and
shear forces in order to secure the seismic performance of the RC buildings. In
this study, a full-scale two-story RC frame with BRBs (BRB-RCF) is tested
using hybrid and cyclic loading test procedures. The BRBs are arranged in
zigzag configuration. The design of gussets incorporates the BRB axial and RC
frame actions, while the beam and column members comply with ACI 318-14
seismic design provisions. The results are divided into two papers to discuss the
design and construction methods of the steel embedment, seismic performance
of the BRB-RCF, and seismic responses of the BRBs, gussets and RC members.
A typical PISA3D numerical model of the BRB-RCF was constructed to predict
the test responses and select the earthquake ground motions for hybrid tests.
Analytical results indicate that the seismic responses of the BRB-RCF can be
satisfactorily predicted only under the small earthquake. After all tests, a
calibrated PISA3D numerical model is validated. It is illustrated with details in

the Part II paper that the experimental responses of the BRB-RCF can be

accurately simulated using the proposed procedures.
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Demand M, (kN-mm) Capacity M, (kN-mm) DCR
Top beam 120212 126227 0.96
Middle beam 203503 238329 0.86
02 BB R
Loading direction Location M., (MN-mm) P. (kN) M, (MN-mm) DCR
South 2F 366 2494 589 0.62
North 2F 437 2954 648 0.67
+ peak
South 1F 436 1543 589+465 0.41
North 1F 521 3051 648+661 0.40
South 2F 366 2605 603 0.61
North 2F 437 2138 542 0.81
- peak
South 1F 521 3562 603+270 0.60
North 1F 436 2047 542+530 0.41

Note: P, is column axial force; M, and M, are respectively nominal flexural strengths of the

beam and column framing into the joint evaluated at the face of the joint.

3 RHHB RS %

Material F, (MPa) F, (MPa) R, 0} [ (MPa)
Beam SE web and flange (10mm) 442 556 1.26 1.26 -
Column SE web (12mm) 370 531 1.06 1.44 -
Column SE flange (14mm) 394 524 1.13 1.33 -
Gusset plate (18mm) 405 531 1.16 1.31 -
BRB core (20mm) 289 458 1.16 1.58 -
Top beam rebar (D16) 455 674 1.08 1.48 -
Column and middle beam rebar (D22) 448 633 1.06 1.41 -
Foundation concrete - - - - 48.8
First story concrete - - - - 46.2
Second story concrete - - - - 393

Note: SE denotes steel embedment; Fy is steel yield strength; Fu is steel tensile strength; fc is

concrete compressive strength.

% 4 FHWBRBZ < 4

. B. A,

A; L.

Lt LBRB

L

L.

wp

BRB (mm) (mm) (mm2) (mmz) (mm) (mm) (mm) (mm) (mm) 0
1F 20 91 3240 6600 3473 84 4687 6025 4218 0.58 1.35
2F 106 2120 5400 3586 39 4666 5980 4285 0.60 1.39
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% 5 #4 BRB 23 304% & % & e 1

DCR
Limit state
1F-BRB 2F-BRB
BRB steel casing flexural buckling 0.95 0.85
BRB joint region tension yielding 0.82 0.65
BRB joint region compression buckling 0.34 0.34
32 BABBRHE 0 =%p
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T/u_' + 7 VEa =;u_ Hee Vo + H:: Hr, = TI: Vs
H,, v Hr, H,, v, Hy VEa Hy,
(a) A =R (b) A iFs

B7 &EH64

P2 & B

26 FHEEFRARY

Limit state DCR
1F lower  1F upper 2F lower  2F upper

Gusset plate block shear failure 0.76 0.66

Gusset plate tension yielding 0.80 0.71

Gusset plate compression buckling 0.98 0.86
Gusset-column interface von Mises yield criteria 0.55 0.48 0.36 0.36
Gusset-beam interface von Mises yield criteria 0.73 0.66 0.51 0.52
Gusset-column interface tensile rupture failure 0.04 0.11 0.08 0.07
Gusset-beam interface tensile rupture failure 0.23 0.26 0.21 0.21
Gusset-column interface shear rupture failure 0.49 0.41 0.31 0.31
Gusset-beam interface shear rupture failure 0.61 0.53 0.41 0.42

3.3 RIEHE ML

THER ST BRB Bl RC R4 > I
it BRB fifi J] 2 RC f&{: N5 K]t/ BRB
) R A KSR IR B0 E OR R
T o ST 2B TR LEiFTiR 2]
R E AL B & U BN T > LTI KA
RSFEESR B TIEER IS Z e R AL TT > 2
T2 SRR BH & S8 (L JE D3I FF R 9 2] 734
H B & U G R AR IR

R B AR F IR ET o ST A BY
JIETK BRB 2 & i B 2R b 7K SV [r) B A A
i 2 L 1A BY R R ¢+ AL - 1T BRB ##
B i B i L [ B A i 7K S TR R T R
P98 141 T o S AL fER S s 0 R Bl 22
S—MEAN - ) R R R AE RC HEA
HAE W, (discontinuity region, D-region )
IHER « ARHE AISC 360-10 Fi#izHH B R
¥ 2R EE 1N BY I ST RERE SR [22] - B
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S B A U 8 o B JI R o il s

Ay <1.0,

DCR, =
" min(0.5n,4,£.E.,nA,F,)

5 se c? Vst se

”
DCR. =

" min(0.5n,4,1E,.n 4,F,)

c? st se

Hr o Ay RyBYJIETE I > ny Ry 3EAR _EBY
JIET B8R - Fu R B89 J1 8T AR R8P AL o8 &
(455MPa) 3 BRZASRANER 7 AR o AW
Fee e o R ST B A A B9 JT R B I8 7R 32
W —HAEE M (NCL ~ SC1) 7K El5R &
tt (DCR) FRAIMEARY 1.0 Z3%GET - #iff
rhfEHE R BT IR KIRIE BRB 3R
AAPLT IR IERF & 3 T3R50 i > R EE PR AISC
360-10 ML SRR BB KRG T RTT
SR i LA O 85 7 o T2 T o ol s

Vo' B

<1.0

o2y

Horp oo A, RerpEE B BEOTHE BT EE - F
e F, o3 3 Ry E B BT e IR e T R i o
FE o B i B AY: O B 14 2E 85 AR RZ (2243 Bl

R = <1.0
™ min[0.75(0.6F,, )L, t,0.75F, A, |
(23)
H,/p
DCR,, = ue <1.0
™ min[0.75(0.6F,,)L,t,0.75F, A, |
(24)

Hdro Ly Je t o3 iR ZE 87 87 A Al R R
BE > Foo Ro8R M PURIGRIE o B2 Ui AL AY: U 50
PHE AR RZ2210 s -
CR,, = V!B <1.0,
M 0.75(0.707a)L,, (0.6F,)

DCR,, = H,/B
= 0.75(0.707a)L,, (0.6F. )

exx

<1.0 (25)

DCR, = min(o_ngAW 0.75Fqu> =10, Hrfo Ly, Jea 53 B R A SR EERE R R e R
H /B R
DCR, = — <1.0 (22)
min(0.9F, 4,,0.75F, A, )
Fo 7 GEHAB R R R
Location NCI1 FB SCI MB SC2 NC2 TB
Ay, (mm®) 284
n, 4 12 4 12 4 4 12
A, (mm) 1800 2300 1800 2300 647 647 1800
az, (mm) 14 10 14 10 18 18 10
Li=Ly,
372 540 372 540 180 180 440
(mm)
Ly () 8 7 8 7 12 12 7
V, (kN) 582 1157 487 1007 308 310 704
V, (mm) 381 1402 381 1402 381 381 1402
T, (mm) 484 484 484 484 167 167 334
T, (mm) 567 725 567 725 245 245 567
DCR,, 153 083 128 072 081 081 0.0
DCR, 085 067 085 067 068 068  0.59
DCR;, 084 072 084 072 079 079 061
DCR,,, 073 057 073 057 070 070  0.50

Note: V, and V, are respectively total shear demand and capacity of shear studs; 7, and 7, are
respectively total tension demand and capacity of steel tension ties.
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AnlE 8(a)ffras - FRFYRHE Z JIRALIE
HEEERRE L o e EEEE R

BRI R R E R

HREAERE M RmY) H iR E % o AW
{ELIR 2 R ELRLAE (F Z T 1 23 T T e T3k
BB & L B UERET > LT R B R
BN LI BN SR AIN—FREE
AT B A — =~ 1 2 DR T W bk o2 B9 )
8k > ARWHFEE I &I Ry RC A% PR
FH A IH 77 e Rl R A A 1 2 B
NFREE - aJREF Y I [2,3] 0 4E
s et LER R e A% o ANiE 8(b) AR o
D-region ZR3F NTEREHEITERy > #8977
R A E L EEH T 0 IR EAL
AL E AR B R G L T EBY ) > =
BTG > 7 B Py e S A B B i 32 5 R
D-region B Jy e K Z TR AR

Vo=V VetV

D-region °

Vi=Visa Vs =Viy =V +V, (26)
RC % D-region & BY Jy58 FE G 5H K Ry 3% ]
iRl R FEEH R B e =FE 5
LETEBT 58 - 73 kR ACL318-14 (ZFE
ZEERET JiiE ~ ACT 318-14 2 BRBEEET i1k
B AL BRAR B A i BRIk -
ACI 318-14 IFZE8 5T HiE

ACI 318-14 BRI 8Y )5 55 Bl PR
FE/NR 1.0 (2 7828 - RTARBY ) JEE BB B 3
HHB SR - AR AR RS s
EHZEEE [h R 0.29 &£ 0.55 2 D-regione fHA
ARGt D-region BY JJ 7 R K 28 A2 iR B2
FERR A S - L THEE S Bl S ARORAE
AR G & - 505 8 BY 7 R 5 7

I Bt B 103

RS - B JTHEGIRE
W ARSI - RS R e R
NEEREREZGE  HHEINEER
EZREEARES 2 JER - IRIEET ) E R
MRS 2 B2 S0 Ve By -
V..=A, [ 1u<(02fA4,,554,,) 27)
Horr o A, R BT JERSR < A - I H
FRHEGHE - f, RS AR R R > p QI Ky P
PR - AEAHE R RS B H Ry B R e
+ o HEUEE AR R 1.4 METE o B EY
JEE 2 T B T 15 . BT ) 0l B (B BOKIRE - K5
JRARSTF » S 1S L B JIET BB A G K
R 0.2fcAcon B 5.54c0n 5 HH » fo ol &E 1
PURRBRFE » Acon FolR&E L IRPTET SIEDE Z
BT - fELLEYN bod #ELET » by Rt FET
AIE > d Ry R EE - 3RHE 2R SMIHL
7 L BREE » AN RS D-region FIJH] ACT f£24¢
e TIE S ARG R AR 8
e
ACI 318-14 JERHEHFHiE

ACI 318-14 Bl#i Mg K - PR Tl E
B ST HE 57 AL IR M o TH I B [T - A
FRARAE B B S B TR R SRR E £
TR 5 v ik B AR Y W e B S K T o B /N R
2 fEBEEE - IR AEAHE D-region 758 F %€
PV L DAL i v
V,.,=085fbd (28)
A 8 D-region I F] ACI ZEBEE & J7iE A
19 T8 AR RS AN F 8 R -
RALhr R AR IR A S S VR

FH® D-region & 2ol Bd 51 JJ R - # 5 -
BAATHY ACT A i {8 DL 25 1 22 i i A8 B A =X
SHRBT IR - BRZ KSRV B R Y ;T
ACT JBERI AR > T R & G B T
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B M RHRH R » 35 o B 122 1 1 o A 60 73
e IR BB AR R ¢ 152 R E PR GRS - (B
ik Z FESRZE R BN REfS BIME— A5 R -
i B i fb BE B £ ( simplified softened
strut-and-tie, S-SST ) AR A T e 2
1B % B el el A 0 e T MR L ) B
£ o IRIE AT DUKASME—RG 2R [23,24] » iRE
G 3BT B 25 T R IR 5% ) 38 5 1 BF 4G
D-region < 5 FEE S50 Co

G =KCf A, (29)
Hrp o K R RRRARTEAT - IEREFHIETIT
E WA S Y& IR T KA Wk AN L
KK F » ¢ =3.35/./f.(MPa) <0.52 }3FH
SRR EE T IRALLRE > Ao=asbs Byl
ARG R AR o RS A SR RS by HY
RC 1250 > RefR~THER - ARWFFEEEE
Z FRAS BT A SR B o, U RC REERE )
W RS kel T 722 W T B 8 A2 B A 7K SRR o 2]
ZERR > BRI EEE R B & HY

(a) K @ ‘é‘ T B

\/[nEp+ (1, ~0AT +2[npp+(n ~D)pd' 1 d] ~[ngp+(n, ~1p]
Hords ng Ry S 777 B R 658 1 TR MR B B PR AR
p I p’ 53 A Ry RC KR 7 KRR 7 877 B
d TR IR B 1 S I 22 A SMUIBE 7 75 o R
FE - Z0E 8(b)FTR - B AEE T KK
A O=tan™ (1,/1,).2 B JT R & 1, B )15
JI1E R EGZE58 SR EE - BN I L
LAt ET Y d-kd/3 - WEHHIBI TR NG H
BoE /K EcEE AR - TR &t -850
IR - T E ARREER AR - K
SEH R A ~ il B FH A g e B B
TLLZERK - EEKY K KFEE KRR TE
FR[23,24] - 1% RN R AR R AR
K=K, +K,-1 fCAF(29) K15 ¥ F4 B J 758
Cd,n ’ ﬂﬁ?%l%ﬁﬁﬁgggﬁg Vn,SST:Cd,nSing ’
S e 2B D-region (& fE SRR AL BR 7 AF AR Y
Rk SR AR 8 AR -

i H\H
O EE I T

g
MORCHF#HRERFEBART LT LR
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L8 MBREIBLEAAFFRRKE

Location NCl1 FB SC1 MB SC2 NC2 TB
V., (kN) 421 146 423 789 302 285 400
Ay (mm?) 4645 3097 4645 3097 4645 4645 1589
byd (mm?) 218100 300000 218100 197717 218100 218100 157008
Ve (kN) 1198 1648 1198 1086 1198 1198 863
Vap (kN) 1057 4361 1057 958 1057 1057 858
v (degree) 69 66 69 59 72 72 60
k 0.27 0.28 0.27 0.28 0.27 0.27 0.22
p=p’ 0.007 0.008 0.007 0.008 0.007 0.007 0.004
Ay (mm?) 58225 247727 58225 54422 58225 58225 35208
K, 1.23 1.00 1.23 1.00 1.27 1.27 1.00
K, 1.00 1.00 1.00 1.01 1.00 1.00 1.01
Vst (kN) 1193 4052 1193 846 1255 1255 549
DCR, 0.35 0.09 0.35 0.73 0.25 0.24 0.46
DCRy, 0.40 0.03 0.40 0.82 0.29 0.27 0.47
DCRssr 0.35 0.04 0.35 0.93 0.24 0.23 0.73

3.5 ABRRIEMETSE

ARG B T 5 2o Ry R Bt > 203 s
B Jg RC HZLAHE & BRB ZBI{FELIZ S
[25] - ®Jg RC 28 H 2015 4 1 H S H?
Bl R TR (BTG ) A
HEITERUYE - fEMEM RC HEZERE > FHEREMT:
ESe BRI X B - H A B AT
oy R Wi E ARy (I8 9) - R M FRE 7
Fo o FER IR SE R - B EA T
B0 AT RN L Tt E b T A
AT RR RS e AT S A R SE Rl %
b AT I DAZE SR 2 7 = R
10 FE g i AF 5 2 Bl B8 i 1 7 1528
B0 R A B A A AR SE AR o B
A BT AT EE < T o LRy FHAE AR AR
B $ii 375 7R S 8 1R < B R AN 11 B o

BFEE L5 — P8 BTSSRI ER IR SR
3 > HIVATRHSTZ A A REREAR - AR R
[1525 3t 1 15 i By EL I S B [ 12(a) )
DA PREE B 88 1 & e L RS B A7 B
FolfE R BRB iR L THA R S I AE
SERTREEEEA 2 - FIRe & IR DU s
2 ([& 12(b)) - 8 Jg RC fEAHL 2015 4 2
H 13 HoekprA s fEs > I 3 A 12
H%:% BRB - ZEGHBEBRATHBE > A
el de i S A BEAL O E B EH -
Fo it Ge B FLR2 B ST 204 > [RIESE
R R MERA L < AT I > B B T PR
BPATE BB B IR 5E ik BRB Bl
RO EH AR - BEEEAR - B
fy A A AT PR AR -
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(a) %
BlO 22 FkHENGEZEE A2 P02 R

Bl 11 ds i 45 17 ¥
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b) #EFFicldi

B 12 # & w1 ivE

3.6 HEEREEEER

fEEhRE KBS P F < MUE R > £REH
X SAC WSEET#HI[26]FT 1R ML 50 8k
BSR4 HE 50% ~ 10% 5 2%( 50/50 ~ 10/50
B¢ 2/50) St 60 FHH0EE FEIRF R EEEY 5 fE 13
Sy A B EE S f) 10/50 (LAOL % LA20) ~
2/50 (LA21 & LA40) K 50/50 (LA41 &
LA60 )RHE FLER 2% Sz 5% 3 58 A IRF I I
Ao SE MR Il 60 HH M FE R & FERR I Bh )43
Bt SR [27] » ARAB D ER 1 Bl 25 H 7 B i e
K~ GBI F (inter-story drift ratio,
IDR) 3K ~ BEREIE k52 J1 B R E L
SRR Y = M SR RO & R IR
FE K - BRB-RCF EA & 43 A7 1 2 F1] A
PISA3D #f5#& 3 ik #2[28,29]148 77 » B2AE
f# F§ Fiber BeamColumn Element f&#§ - §if
777 50 FH = 22 B YR Rt IR 6t 0 777 B Y 45
TRz IS RS BB T B RAE SR
Ul 777 R R 2 1) D ok S8 R st o TR 0
P S P A ek I R e 8 R ol 56 1 R R B3 5E
AT By o IR ¢ T 4K 1% Popovics model [30]

K¢ Karsan-Jirsa model [31] » E&FHM ¥l 2B
IS AL i s B 7 o o S50 5 T ek B £
il BRB A {4 B DU R 1 o i T 55 ) B
B AL RS BUNG DLSL 2 2 MTEE L R
W ek Y Bt E AN R T SRR R B R - Bl
i A A R 2 155 DR B i A A R P RS AR TR -
43 B B 2 — B AR RERH B HL ek Ry
2% > KB B R 0.225kN-s*/mm ; FEBE
SrATRER A R  HAREH) IR Ry 0.384
o 53 Ml SR8 - BRB-RCF G R 5 —
[ By LA43(50/50 )58 — [ B LA09( 10/50)
e =P B LA22 (2/50) M T 2 I EH
EEER LA R A E®RE RN - Hil
e E S R BR 2 - W # BRB-RCF G4
HE A e B RE A B e A B AR R I

AT I th R S S 47 5 DU I8 B o I 7 B B B

Fo T H3) BRB-RCF it 52— ZURE R AV
EERE - BEEIREEEE 2 B = S EE DU B fil
FTHEIZERR (2/50) & 33 s i R by -
14 B LA43 ~ LAO9 ~ LA22 37 R s Bl
2% J& o 58 1 I HE R -

-
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6 i
— 2% damping i
=5 R |
54 --Mean+SD 5S4 I
£3 —NMean B K
2 Z g
@ D
8- 8
Rl o &

o3 1 2 s % 0382

Period {sec)

— 5% damping ,\5
2 2 L
€ € b
S —-Mean+SD 2 i
a —Mean ]
2 o
g 8
< |; <

4
2% damping s |, 2% damping
E’ 3 ty
—--Mean+SD 2 [ --Mean+SD
o2 — Mean
< Ik —-Mean-SD
818
< [
~ it .
2 3 0 0.384 1 2 3
{sec} Period (sec)
5% damping 5 3 5% damping
=
--Mean+SD S2 --Mean+5D
B | — Mean
ﬁ i ~—-Mean-30
]

1

‘0 0384 1

g)

Period (sec)

Bl 13 FE vt 3 2% % 5%2

‘0 0.334

"

1 2
Period (sec)

X EALE ;WA

i - T i ,
= La22 PGA=0.90g = La9 PGA=0.51
5 0a5f Il | e TRaTEEE § 05 | 8]
— H A
® -0.5¢ ® -0.5
8§ , , , 8§ _ , _
< o 5 10 15 20 < ~o 5 10 15 20
Time (sec) Time (sec)
8 05 243 PGA=0.14g 2% damping |
§ 025 1 La9 |
£ o o, A 7 —La22
L A 0 | wilAMmiaN. La43
g 02 ' ~
Time (sec) Period (sec)
Bl 14 3 LRk 0 B4 BFRE R LR 2038 M 4otk & F B3
3.7 AR ETER ET o — AR AME S B R +6.9mm

Al R r ke - fEEhES BRI

fita 7B R I b R IE o [ 15 ZE[E 18 5351

TR VY S B et i R 2 s B PR T 15 2 A 2

R FEIRE Je Jod BY 77 Bl g ) A7 RS A R £ - 5%
9 o VY B et B RE Al B ?E(ﬁﬂﬁi‘ﬁéﬁiﬁﬁ%é‘
W AL MR - FR AT RS SRR -

R ITBUNE T’E?EHT%?&E’J%*E%%E‘E%%

I HERARE NI RS e B4 S Mk {E - fELE A Bt EE

77@3&7%[3’35? » BIEARE FRRR AT Ry B 3

o TR S B A B el SR A R B AN (] -

— [ B Akl B YR 2 A S IS e A {EL A

+5.9mm » —RENIFEMRAE 5T B Ry +13.2mm J
+11.6mm o 55 = VY FE Eﬁﬁﬂ‘ﬁ‘ft%ﬁﬂﬁ
=GRS I 2 H B B —HAL RS
MAE 53 7l Fs-29.3mm )52-45 5mm » IS
B 53 A Ry-89.3mm J¢-92.5mm 5 55 VY [ B
— RN SR 53 71 Fs-26.9mm Jz-41.4mm >
TR RARAE 23 A1 Ry -90.7Tmm [z -85.2mm °
KA BB RS 1% - AW SR — 2 FI 3B
[ FERZIE PISA3D 43 M sl » LWl
HEME R BEAG IR  FEAl ARG AE D
o O BRI SRR
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I3
E
E 1500 Lad3@gorsey | 1000 L343(30/50) T
E = 1% sto, - Srd
g £ 7s0f O { € so0f 7 :
8 ) . —PISAID . =
o- 5 L) 15 20 2 o 2
Time (sec) r »
= > 2
H 2 -750 f | —Test 2 S —Test
£ 150 . ~—PISA3D . R PISA3D
g 1585 025 o 025 05 195 52 0 625 05
8 Inter-stery drift (%rad.) Inter-story drift {%rad.)
e -
o- 15 20

=9
]

10
Time {sec)
Bl 15 % - PEE (50/50) #do AL Rsh 2SRRI 9T 2 LR B 4 B pF
2R WA SR T RIA LR

'E 8 La3(10/50)
=3 RF
£ )
£ . o .
: _ 2500 T 1500 Cie
s 2
H | pisaszn| = 1250k O 1 & 7s0p” 1
a-s 5 0 20 5 5 =

Time (sec) 2 o E
£ La9(10/50) - -

a

£ % 5-1250- — Test _E' -750
=
£ @ 250 —pisA3D| © ~—PISA3D
E . . 5 ) . :
2 %05 o 05 4 N5 om o o0 15
g Inter-story drift (%rad.) Inter-story drift (%rad.)
g

20 25

1'I{Tllr'1e(se|;‘;5
B 16 % - Frfe (10/50) # fL 2Bk S 3R R 71 2 A Rl =4 Frpr
R R YRR RN Y

3 LaZ2-1(2/60)'
g RF .
: —— 25001255 13780 2000137 17z7E0)
g —Test 3 = z
R —pigasp < 1250 T 1000
a- i 0 5§ g

Time (lec:)5 2 0 § 0
£ 22
£ LaZ2-1(2Is0) 5_1250 §'1°°°F / —Test ]
i b~ o 22 | o 200 L ~--PISA3D
: o 00T 0 085 125 0 125 25
] ~Test - Inter-story drift (%orad.) Inter-story drift (%rad.)
3 . ~PISA3D,
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Time (sec)

Bl 17 % = FFE (2/50-1) 26 e iisk B g pl»ri@ 2 Wk Bl B
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£ ' ! La22-2{2/60)
:E. i RF
E o I“‘J“JM\‘ IR B e Le22 2080] |7
i?':-w q.' | ) | “Test % 1250} % 1000 E?
U ¥ rimfes  © » % o % 0 /
E zza@sn) B oazsol/ / U, - . 1 B 4000t ;% I ]
g ’ |~ S ¥/ o i i - T T - est
e AT L | —pPisasn; @ W7 | —risasp
§ Tl i BN 575 o 075 15 %% 45 o 15 3
%-2 i —Test Inter-story drift (%rad.) Intar-story drift (%rad.)
B ‘ \ . PIsAa3D
o 6 10 15 20
Time (sec)
Bl 18 % w FFf (2/50-2) # P LidBk B RITE 2 A B =8 F
2R T A B kR R LM RE
29 BMEPLERRTPRERFRZE - BE B F R
2F RF
Earthquake
Test (mm) PISA3D (mm) Test (mm) PISA3D (mm)

50/50 +6.9 +5.9 +13.2 +11.6

10/50 +20.7 +23.9 -52.2 -46.0

2/50-1 -29.3 -45.4 -89.3 -92.5

2/50-2 -26.9 -41.4 -90.7 -85.2

3.8 A BHMAD B & RS

AR A BRE RO 15m &K
i L e 7 3t A 5 i R A S o S 1 T (R e
J&g fin > BB IS AN E 19 K& 20(a)Fx
RGBS ER RC AETEHS BIFEM 0.3/.4, #9
2550kN Z FEH )7 - DI HL B RS K 5
HE B E AU o S THE B A g 43
R = 3OKSE R EEN 2R 43 BRI A R AH
B 49mm 2 THTTHERE 5 g r AL i
R > NGB TE K SETE ST 894N
HF G2 T A S A S TR A T 0 2R MR AR
AT T o T R e G L B S e o MRAR
AEHE > UETEALMISE(E - Fed e ok

SPYEBh B ARAL ] — ELEE I S89AN (ZTHTT -
e ) o 2 DR L e e o A MR > (LR
W AR SZ L - AR GE 1 R
Sl L S 3732 N S N VA E 2y e |
TEBh A B 5 RS S A S e (LR SR
DAt 1T BN REEA B - Toslt 03l Ba R A
e HEE A bR A T B [ S T A LR
SR IR B A R A - SRR
H.Z T SRR -

Fshff5¢ BRB-RCF ZIfEETERE > AHF
FUAE B AT VYR SR EN AR A - SBRNE P
F/NEEEFURE - 3%y 3.6 EiifToTid & M
= HHuEIT R RS DU R ER R I -



fet Bh RE B B b DARE 7K S B e B2 9 AR AR AU
(stick model ) f& #¢ /7 g BRB-RCF {5 »
Fo Y o 8 B o g7 7 TR B s i e
RSN SR = B EEES —EK PR E
PR SEETRIE B B o (RE SR TS alEE
TE56 n 25 L E11E JI RIS B 22 B P RS A
8 iR A GE DR EEE nt1 RIHE -
HWEEARS - AR RIGEE A E
B2 o #5308 AE R AR BB A i 1 S A TR
FRME S IE » SR B W (E ) 25 o AR
B Ry PREUE A S K i B )T R X
(A BR S (e 2 - BRB il )7 G #< H R /R
U P B R ER T B IR ETE - DL
81 BRB 1Y J73 P B 1% MEBEET R 5K
LS PR g e RE B 0 1T - R R ED

2 3 x 980 kN Actuators

& -1 (2550kN) \' : ;
M q_!l! i ir/\ B xmizssns !

TR B=Et—% £ 11

REEABE RS R 1R - B HEG R 2 AR B BRI
AT R E S ERE - THE B
R RERF 2% ACT 374.1-05 Fi#i L ek
[32] #FE Ry 1.0% ~ 1.4% ~ 1.75% ~ 2.2% ~
2.75% ~ 3.5% )% 4.5%1 1 - K HAINERE 43
AEIT = RIE R MITEER o [ 7 (I HE R IR A0
20(b)Fro » SR THIEG AL RS #EH - AR
B =AE o fEE s I He - B
1.75%500 B 1157 7% 75 [ 7 ok B A R A%
JEEJg IDR ¥ THJE By K > i LASE IDR H#EAT
ENEREZR AR o &P BB
SeHE T HHERRE - MR AT =R By #t
B REAA BB S R R T S W EBER -
ARERTRAZ A 20(c)Ffi 7 -

Vertical axial w E
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\ Contact plate
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T | L] Lateral Resistant
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L Transfer beam (TB) Post-Tension(PT) !
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=
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Waay
< Loose 1
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CB (prevent|
Strong wall TB falling)
<
a Strong floor : ; 1| PT 1800kN each
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Roof drift (%rad.)

WN=2O=NWHO

’ Free Vibration Test1 '

[ La43(50/50) + 5 sec. Free vibration \
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