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Abstract

This research focuses on the design and experi-
ment of the bottom column in steel plate shear walls
(SPSWs). A capacity design method, using equivalent
brace model and simplified analysis procedures, for
the bottom column in SPSWs is proposed. The design
target is to prevent either a flexural or a shear hinge
from forming at top of bottom column when the SPSW
is subjected to the maximum considered earthquake. The
method allows the plastic zone to form approximately at
the 1/4-height of the bottom column. In this paper, the
design requirements are considered by superposition of

the frame sway action and panel yielding force. Cyclic
test of three two-story SPSWs were conducted in Taiwan
National Center for Research on Earthquake Engineer-
ing. Test results confirm that the proposed capacity
design method can satisfactorily prevent the plastic
hinge from forming at the top of the bottom column.
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BB IS RO E R < WIMETT Ry - Hig Sl
IR BEnE - B I A Y 2R 1 S (L B P A i
T AN ] O AT B R AR R Y
AT TR E— e - KL - A RefR i e H AT
SRR T - FEICAS TR L AT HER - LARE BT SR
ST ER R Frghas

AT G 3k LS S00RE 5 A Y B A i A B T30 SR
e > A H DUBJE AE TEA EE A PR IR D0 T - st 5y
8% o S T A A 8 R B B 3 SR B K W R YT
H o ASCE eE S S ER 2 116 - DUEE 2
Bt A 1ot - R R A AR OR Z K
R EE AL THE A S BY T TR OK - RoBRRE s
AT UTE AT I B B IS 2 AT R - AW TEERET =
JRE T RS i e A B 0t Bk 1 T s 7 (0 B -
R B FTRE A R A B AR ] R AR B R R E S
BRER AR LU FRCR BUE A AU AR 3 Re S e
PRETHIRS BT e Hi B A T B AT -

L A=Y

BEFREHS

e 550 B B Py 6l A B 010 SR A 2 222 ED S A
& BUTE S ARG TR 7] 7 - ARSI T B I ) R
PR SR IS » E BT I RGN » St T2 AR e
JyiEa H A E T R R - St e B A TR TS
Jii » AR E SR AN 1S S R A FROIRRE - AR g et
JEE SRR o WFFRRETR B - SAREIR S R H R E )
Jiln) ESREEE ANk - R RIAL 15 - BT
HAHEIF 2 a8 - K& b ia R =250 7]
M PSR 2 AT Ry DASHES A B & 2k & AR DT ) 28
P LA o

56 2 5% IR 13517 Ry A SR 26 AR 1Y — JJ 12
F - g2 SN TR K K2 S Ry
FHEH R JIBIE TP G RGBS - AEE
IR S IRE TG » R RS SRS T B S A5 4T
IS E S o MR SE T REAR SR AR 5T J S 0 7
BYRCR » 35 1 5 58 58 2 R IR i i 7 85 3G ey ik e
Fir #1738 S I B T TR B IR A & 3Gt (capacity
design) HYHIE -

DATE 1 7 g B S A SRAR BT 0% SR e Ry 1) - AR5
GRS ol sEEr = E ] N 1 AR E RN TS
JRCEL AR JEE IR EAT Ry o2 Bt HIERREMIHE (nonlinear
pushover ) 52 IR /] DU 40T
(1) BMERSEE (Elastic Level, EL) : fRERE R#RZERET
METT - THE BN ARILE 0.3% I 2T - SRR
ST R (B ST 4 G SR A

(2) VIEERERFEE: (Initial Yield, 1Y) © (RERE Rz )18
2 THE IR A 0.3% ~ 0.5% JNEE [ A&
SAHEARIEE 50 4F- 50 %6 F SR C HIEEIT - RARHILARE
R+ SRR TR I P B G0 ER 3 R i R B R
B 43 e 2B IR AR BT 7 85 » (HL 38 R SR A 4 1) FR s
e

(3) AR RBEE: (Uniform Yielding, UY ) © & A H 32
TR THE MR AN 1% ~ 2% JE 2/ M
BRI Z 50 A 10 968 MR 2 HIEERF - RFEA
SRR B - LRFEACR )5 R R e 2 0 BT
PR 2 KRk A SRR PO 7 4 = S RS 2R 5 | 50
T - BRI BRIG AR YR - RETSE TSI
BRI E DU R B E A Ry

(4) FEREE{LREE: (Hardening level, HD) : &8k 55 )%
SR TE G A% ok 1.5% JER » 1aEm
5 QR S S AR A P R B A8 SR A T S A S 3%
FS AR IERE(L - A e S A M ENE
TRy » REERA R AR ERES] - BEM
FeRE R ARG B A R E T AR T TS R
T RNGREIEER - B AR A e B 2.5% JIEE
(2 WS DU ) B A R S ARG H
B MR LR TS R R A A
T o DA B A S L oS B JEC g o R BB IR 3K -

Axial . Flexural o Hardening \fpeo B~~~ ——-—~———-—--~- HD---—-—=-=

~ yielding ~ yielding © plastic hinge s uy }
Y subjectd to MCE

Vsoso| 7 System
T -V\p <= Vs e/ | |
/ Panel |
Vn : !
; * Frame|

- \~1% rad. 2.5% rad.

—Vigso *+—Vaso 0 0.3~0.5% rad. Roof Drift

1 ST 1% & S IR R M R 8 A2
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SAMLTT 1 R 1 R A A R ST IR

KT RERETAE
EIEEAEERE 2R

AW TE T e n S A BT TS AR SR I A A T
SN REAE B % (principle of superposition) | - 3%
TR & Se A D A R 928 SR R R s et ik
(2,141 > 3P 4 2t oS Dy St AR P 72 Sl ke 5 ok 2
IR DR I st o JE o A T A i 35 o) » 01T 2(a) FfTons
S A BT 7 A SR 1 7 53 i =B ER 2 DT R 2R
[ » Pzl el Ry Wil 43 & ¢V, R Ba s 288 e 2
150 77 ke v, Ry B Bh # A8 < e 7 - SRR 15
A] 53 By e LS SRR 73 B BT IS SR AR 43
= R S R A AR 0 B TS S A BT ol 8 SR
97977 » [l 2(b) B 2(c) 5331 R LA MIEHE M Ak
BY 751 38 A 32 A0 IR R B 7 o3 A+ BR T AE2
FRUE R i e S A% SRR IS AR PSR - i e R B B
JIERZ BRSSO A TEAH I IR RS - & g A TH
ATREEE A B EEY R - SR BT I8 SR RIZ
2L RIREAGIREE (limit state ) #2]

tensioned  compressed
boundary col. boundary col.

k|

“H

Frame sway Panel force

/ )|

Vs Ve Vo

N A Critical VBE:
)= + Compressed
VBE

Moment distribution 2 limit states:

'- / Flexural yielding
) = = N/ L
' 7 Shear yielding

S!;éarnc;'istributfon
2 G LR () = 1 g (b) B 4E R (C) W ok

AR A T TR R B O A AT R R
AT - S5 F, R RIEST ¢ R
FEEE o R REIM R » FISRAR TS A RS T E AT
53 RIS 0

_ 2
@, =F,t,co8" ¢,

Oy, =F,,1,cosa,sing, W

o, =F,t, cosasmge,

o 22
@, =F,t,sin"a,

e o, B o, SR RRRTZ S 1 Bk T
B o, B o, R B 0 Rk T
TR FOT |2 -

UL i | B2 (9 )T T 3 I ST
SRR [ » I 3 FTs » E— A T
BT T 15 RS S S R T3 FURE I 7534+ HE AR
I TR ST GBI 5 SR AR S Wk ) 55y
EEETFSB L I 2 I - IR B RS
38 SRR BRUE TR ALY LBy & 59 R P
. SRS SR AU R 4% (1 BT B R S -
LR ML T 2R 2 2 B T DRk b R B R 8
EEBIA B« HEBRTE N SR B RS » ARSI
BB ST » B A Bk o [ 2R TR RS A

B L SR -

V_T_g \!52 M ¢
Equivalent Stiffness EB,
Vo, L tLsinZa _)Vn o
- / £~ 2sin0sin20 Vi
2 (Thorburn et al., 1983) i: AM
i) f

3 AR AR 2 i Rk 4

o L TR Ui 2 R PG A FR R B 0 AT W A SR E
o BRI SE & SO AR A IR B D 1R B o
ffii - SRWTFERR TR 0 feas & TR Mt A BA A o
IRFFEAE - FERC TSR SR T A S A BY T 7 Y JEC g 1
PRVEBEh SRE R AE B e -

2 ERE AR R EE 1153 o8 R T H B B
1675 LG A R T R A A P R A R IR
QU 38 SRR SR IR R A A 2 Th e IR IR A S 4
B RER T R L ik 2 LRSI E o, -
LA 5 S A ek R 05 P i e 2 AR » PUEIRRZNSZ
BT 1E BT A i A B R R R AR S0 - 35 E 28
FEEMAIE Ry y = 0 A y BEAR A B IE - DLz R
RS y S A 4 A RIFTR
1+4
/’»—hly
frame sway action
Forn M, B JEC g A TH 32 38 574 2R 80 1 S0 P 5 B o2 8
FH oo, R o RERF M(y) FyJEC 8 SR R i A
[EES NP ¥ ER S T G T AN VSR S VA=

@,
M, =AM (1-—==y)+ =2 (=6y" + 6hy ~ )

panel ﬁ;\z:eeﬁm

@)
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Frame sway ' Panel |

e @@g"Lfﬂf?fﬁfim
I ! M(Y} Mma:

& 4 %zﬁA@F%fkﬂ% 2 RRR G AR 4B

By = xh, ZEHEAIE 4 TR - x R AR
BB RE R HAE R LAREE A 0 %) 0.5 21 - s
HIBE— OB R B et + TRHIN A -

M(xh) 0 ©)
FTSRAHHE PO B AR 2 A+ 36 R A B 2 A
B S AR » 8 B SR A
S TR

|A(05-x) 1, 1 3
MM“.-N(X}?])—|:T+EI WE:|ws:hlhl (4)

AR IRGE 5 B B b FeR R O L - KA
YR SRR AIAE VY 70— E x By 0.25 7R Ryt it
aET HER - (A A SR T R AR R A R
PR RSB E » JRRI=0 (2) A e -

M (lh) 0 5)

AR AR ERGET TR EC 2 x H
CEERK BRI EER R HLE A B

RN IR AT R P A TR A S A A E R R
CIRAHE R HRSE S B < HHY -

P LFS Exb L B TREB SR 2 ERE TR

AT FE B A SR AL B B T o 8 SR A
5 i + BRI RIS BLAELL » S MER R L R i 4
SRS INARS Z BAETR - H BRI BT R 1
TR e 2 TR R i B A S8 B B A 85
B AT ERE - A DU N S 38 R T
B BIEFR » AR :

Frame sway| Panel S »
_action | force " Uperposmon ]

-QfM! -
( ﬁj”) <M

OAM; _Q Pl |

B 5 }E%#ﬂ%\ﬁl TSI S

Qa)h

' 1 Q
My =Que My + ”PT [[;{-:FJ(O‘S

S
(6)
Hrh BAR t FRORIERERETH - M, ﬁb’fﬁﬁ%ﬁ[‘%ﬁﬁﬁﬂ%
ZEE T B R TR - QB O, iR i
SR R BB AR BEA L IR - » FEASBHFFE R i A A 5 (]
F (frame overstrength factor, Q,,,) F/RiZFAE4E ¥
PRI FESARELE - S35 E SR FES AL IR T Q2K
BACFES AL AAE - DURMIR B R FE M R IR R AR
TEJEG IR 7 By 2.5% SMBETE R HAR » st ¥ FERY 45°
S A AR Sl Al FE AR Y Ry 1.25% AN 6 P o DKL S AR RE
SRELIR T Q) B

Q Oy 250

*oF, ()

AT IR e AL B — R PR S B AR AL B ARV S
—JEE R » B x = 0.25 7 AR (6) RIS 215 AR
i K IR R - AKP5 1L R 8 U A THE A= B th
LENTIPUY R C g v EvoS - o

. ; 0.25 Q
MP 2M i =[(EJQ|U l; ]wcmhx =10, Inlhl (8)

Horbn R AR BRI TR R 0R 59 - FRR R R 3
(L PAEEV P EIDERL i DARSI 5k ¥iERSS o)t
T O IR - ARTFEEER R AISC P RTRUE

M, - LISM,(I-P, [P,)<M, ©)

P

FEEhE{LPs ExPh Lk R B TREE A BT 1 2B R
nin-l-g—k

AWFEEECRARE R LR B T BT TIRR K2 R
JEHEH g L TR FTHESRES - A6 7 < H F R E
PR » TRV (R 2 i et RS B A B { L o B A
BRI E N - R E RS AR R U
Rl RIS AE MER R L BeAE THBS S5 & Rk s

. J[e(1-x)'—1 6(1-x) +1
V:le—{[ 12{l—x) —|Qllf+ ]QIIP}thhl

12(1-x)
Q,0..d,

a1 zm (10)

Hrp d, RIS - F5 R AR K A SR I ok
TR 7y & —HE i - AR (10) BIAS 215 SRR
SR FEHIEER - [ B S AL JHZ B T I/ K Ty

Vol. 42, No. 2 April 2015 - ARZKF] 2P+ "% 53

13



SAMLTT 1 R 1 R A A R ST IR

h (1-x)

¥ xh,
Plastic .
Hinge Y

Location P,

B 7 EEAEZAGEE

19 35 Q,, 0.4,
Vaun =(5an +5gllp]wchlhl +% (11)

AL BT J1 25 2 I L Von Mises [ 0K 2 RI| 22 5 il E %%
JE .

v, =V,\1-(B/B) (12

Hrfr v, = 0.6f, (dy, - 2ty) £, » G Bt 3R JECRE FEREAR
JRELAE SRS -
g
01.25%
pr
0.2% 1.25% &

6 HMRIEERALE TR EE

AR

T L HE B8 SRR R S A e B A = H S &
FER T BT - A K H A E ) R R AR 2 ]
) 7R i AR O RERT 48+ 5 58 e 8 Ptz E e e
SRET T B R E R G R AR EYIE (Reduced
Beam Section, RBS) DUBAEH EEHFE oK 114 - a2
L7 1 T 20 e 4 84 L SN 2 T B A AL 2R B T L
HRGHET S - PRI RS R SR I B A &
BAERE®L - BIOTRSFROMLEHEEAE 7K -

Gravity Load

‘2]
. 4vl S

V,

R2

||
-~
B
< ‘f\"'—KJ
e\
) ﬂl‘“; ~ g
el

h‘
1 {]
8 AL T AWM &K
VRB'S = ZM:I'ES + Q}J’ a)brl'LlRBs
“" I 2
V;{ = VRJ?BS +Qp WS, (13)

R:M — ZV;{ + z QP . .h, + Gravity Load
i=1 =2

Horpr MP® B VERS Ty i M SRR T Y A S e B
77 REGHYZME RS2 - LTS s DR R B YT
HULEREE - Ve R SRR B BRI )T 0 s, iR
RYJHIh LA EEE - Pyt Ry A THERE JI7K -
n Ryt ST JmE R e - R RIS
oy HHEE | L N AR IR IHIERES i + 1
JEEEE B A B SRR - iR ER R TR C R E
[F{FHLTT @

EEHEETREN

K A R i B AT B 70 JEC i 4 S A R AR
12 st A = B DU R RS B i et e A
ARG RERET - BE PR
AR — . PoEIERE T -
BRI TR AR o AT R A B OB AR
AU G B R 4 507 T 1552 R JE I 3% SR AT JEC B A
TEHEFEAYELE X -
HER= DMt x BB gz A (EHARARK (4)
T A% JEC Jig A 8 A B B 3 AR A B TR R N I TR
K FE AN T B2 B — B Rk S A v -
A ERVY - b kL E AT L B 2 B TH 2 75 SR B2
& It (demand to capacity ratio, DCR) & 75 /NfA 1.0 »
BHGH . QB Q) RT1% - 3 51LLEE (6) B (10)
TR B Jg A AT TH I B o 1 DA S B 7 B 2 75 0 S 7
K FE AN T B2 B — B Rk S A v -
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SR e

FeBad A SC AT id i Z ARG Tk @A
BN R 38 SR Y S 5 BN AR BT TS R 2
T AT Ry iz 5288 » RIS B R LAR R e R
LriZ 15 m = 7% B T Al B B R T =
RO HEZRE B+ S HE 7 e 0 i M BB S AR BT 0ot - LA
BLERET 2 g AR 8 U I R B E T - = SR
R B AR RS R T4 9 o - HEZREs IR Ky 3,420
mm - AR R AHIE Ry 3,820 mm o A L LEBET
0.9 » N #itEEEHEIE s 2.7 mm - SR EHR
ISR A BB AR IR BESAR - B RS Ry 220
MPa » 1) fis e 7S Fr s REL i« BREMAR S EL R (B
INShHESfE A AS72 GR50 » 3B .2 3 a TR ARy « MR
AR - AR 11 PRER 3 A T BRI vh 2 78 B ik R HY
FHIFIRY S L teaa) » 35 SR G BEER T & FEMA 350 #i
SE W REYINIEET AR A FIRGE R A B aRET
HE QAR P E = AN E S FA AR - e B A0 A AE
[EREET A - BT RSTRIZIARE 9 - i 2 S s (-2 Ryl
ErETH BAF A AISC FTkiE i AL BT © DUk R
P 3 2 AR PR T

DU 53 AR 1 MORHRORE 73RBS R B AR SR —
TR E S S A BT K - DIA R L (Demand-
to-Capacity Ratio, DCR) ZR¥EHIFABE S IE - Hi JJ85 A
DA # Ry 45° Bl —HE 40° TR - HEBLHR T8 305
A+ DCR FHEAS RANFK 2 FoR » Hp P /P, Ko 5t
i1 )R KB A 2 HUE -

Post-Tension: 0.1P,
(Force control)

?ES 18 RB?l

Lateral TB  H400x200x10x14
Force i MB H300x150x10x12
(Displacement BB H400x200x8x13
e ffs";g“o S C(NC) H320x310x16x25
Panel ] C(SC) H290x290x14x22
C(WC) H270x270x12x20
RBS g RBS
\ : R230
oo ﬁéﬁ
2.7mm '~ oo [
c LYs200 ¢ & 100 260 RBS of TB
Panel ™

R175
BB ) ﬂlﬁ

- 3420 = 75 195 RBS of MB
L/H=0.9

9 REEAAEL A B d R

-

(1 BEhXRER

Location Section Plate | Fy (MPa) | Fy (MPa)
flange| 405 537
Web 464 561
flange| 372 506
Web 464 561
flange| 390 502
Web 430 509
flange| 386 547
Web 389 564
flange| 375 518
Web 405 537
flange| 390 530
Web 372 506

H400 x 200 x 10 x 14

Top Beam

Middle Beam | H300 x 150 x 10 x 12

Bottom Beam | H400 x 200 x 8 x 13

Column (NC) [H320 x 310 x 16 x 25

Column (SC) | H290 x 290 x 14 x 22

Column (WC)| H270 x 270 x 12 x 20

k2 AmEEMHRBERZ R EE T M
The DCRs of the 1% story column considering
coupon yielding stresses

1.0% rad.
(in UY) (MCE)

Specimen () | P,/P, | M | P,/P, | Miyp | Viuo
NC (23.5) 045 | 086 | 036 | 054 | 0.81
SC (9.53) 057 | 140 | 046 | 096 | 1.01
WC (6.37) 067 | 214 | 054 | 150 | 1.45

0,
Roof drift 2.5% rad.

I 2 A DRI TEL A T T T 2 Y
HE MR SRR ERET 2 B94E M) - LU (s HBRETH
G AR IR AR T L 055 e 4 T 5 2 o T
B My, B

Darhy

ef ch2
M, = My, -

2= 12 (14)

DA M i 0 A 0 e S AR I8 S R A L KT 8505 %
HORES AL $ MR THBT SR

- 1“;’12 M, +(a{~n2h3 + @A, )_q]
3 :

V,:Em; = Vr: +Q, v, 5 5

(15)
Tk MR THRORGIRI IR 2 3 « LUT R il a R (i
B FRREISS 2 B - B AT A IE 10 HYEERTT
TRy TR et e A i 1 R 22 2

%3 R EHARRE R —HETARE XA
The DCRs at top of the 2" story column
considering coupon stresses

Specimen Y/ Vo
NC 0.58 0.92
SC 0.89 1.15
wC 1.13 1.59

Vol. 42, No. 2 April 2015 - ARZKF] 2P+ "% 53

15



SAMLTT 1 R 1 R A A R ST IR

82 NC (Normal Column)

A HE NC Fy = B B A RS iR ik
ez BT B R R AR e B R (L 1 - — LB U R TH
RS EEe BT RaE A - (ARG SH e 2 R A
JES - 40135 3 A4 - B NC DU R YB3 4R A 14 FE
ZREREE MY M Tk & (demand-to-capacity
ratio, DCR) /]NA 1.0 » B/RYBELNT B AR AL EEELPY
Gr i —IERFE S [ - T RS A THAE e AR R - AR
JERETEEY IR KA1 » DIARWFTREE K Vi K Vi
VER AR ERR I - HFRKEAA R/ MR 1.0 - KILEREATH
JESEST FIREAR -

g€ SC (Small Column)

PHE SC E LIRS NC Ryffie » (Ei/ NHGE A
R AR 3T B R i HAT THRE fI A1 7% 2.5% N
% S S RTHA B A ATRE - R H
Mo KEBITT Vg, & T RELIZS B EE 531 5y 0.96 F¢ 1.01 »
fE LA 2.5% SIS TE G (01137 % e 28 A 480 4 B B 7 ¥R -
(LS 2 T R AR PR ZEL PR FF BRI - KTl 2 T o PR S B
JES g A THE AR B B 8 B TR K M, 1047 75 Sk B
RRIBZE/NA 1.0 LV, 7 ks K EF R
Feks 0.91 0 BT LATEEIG GEHEET IR RIVBE & - ikt
BT R M) Ry 111 » PR SRR r BRI r= A Y 53
R « CHBEFUEET - A8 SC HRNFEE K Mg
EAZS B RS/ INA 1.0 0 1B VA, BB ks 1.15 » [KIthTE

FERAR e L AR EE AR B TTIREAR -

kB2 WC (Weak Column)
BAZHE NC R EAE SC fHEL - 388 WC R/ NE
FRERST > B8 3 E T B A Ry (o H A S A 2 T R IR B

NC | SC we

1 T

Predicted | i
plastic i 1
mechanism | i
inUY : i

) Flexural yielding! i
= Axial yielding i T"-i
] ShearPH | =4

------------------------------------------------------------

beam of

Oil jet of

Load
Cell |

Laadmg/

post-tension

Al

V|
post-tension j/H || || b
A/

BRI A THRNZS AR AR - RIS E BT M, K
Vuy I KB 8 P20 7l By 0.92 B2 1.29 » HIfA Mgy
f9 DCR #2307 1 » UG 1 TH . 5 i M g B 5 v o2
FEYEER BB « TR My B2 Vg o BOBREZ 5351
Fy 150 2 1.45 » RS ES L - FEHIHEZ S
FHERBY J YA AR R S A TH o RS S SRS A
JESS AL IR BT SR Voo B 1.59 BB REAL Mo
Ry LA ERFA 1 BT A THAE R A e i %
EH T SR YEEL -

B S
AEEECE

SR A A (R ] S B St 2 Y SR B B Y SR
BERER » AniEl 10(a) Fros - DY SCEIEEAT: B EA G ] 2 ZE A
[FIFSEEN | 7ERARE BRI » 23 Bl AR S e
TAERETE R R A E o FLERE DAY S AR A
— MR AR A A 07 TEE R R A A R
TR B SR i A Z TSNS RE - i 3 e PHTHI AR 32
RHER SR TENE - (IR RS e — e
THEEBRIE DAL B R R DU TR e AR
MR B + PR AL 5T H AR S e L
AR EERR )y HATE ] 2 E 11(b) Bk -

AR 7 7 2R BRI THE U HERC B » BRI
il 775 5K Ry 980 KN 19 MTS243.70 JHi R Z B) 25 -
W S BBl 25 PRAH R O AL RS #E DU RS AR
PH G %% A 1% AT RE Y Jeke B FIE O - R TEUAI A7 % R 1F 45 1)
A 0.1% ~ 0.25% ~ 0.5% ~ 0.75% > 1% ~ 1.5% ~ 2% >
2.5% ~ 3% > 4% Eil 4.5% I\ 25 FEE T T R R Y s 7 R
B - R TERE HIR RS A 4.5% N Ry AR BSID B & B

Lateral Actuators® o

 support 3
H i ;,f' system )
Lateral support S

for beam
column joint

3820mm

AN "-\ Reaction Wall —1{

ENEEEN

LITLILLT]

Predicted | i
plastic i i
mechanism | !
after HD (MCE); i J
® fevurair | i
@ Hardening i i
shear PH ' |

10 =2 XBLFAR Z BT S

Strong floor

Strong floor

@ (®)
11 R EE
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I+ DTS AR N RS R (5 Tt ek T 0 Y e 0 SR B R 3
PR o oS 5E B 7 o B SRR AR 1 2 Wil T - ARG
A TH TR AR A TR E T - TR E R R
e H RN AETE L - R85 THAS I 10% FEH
NERZEES] AT LI ff B A ] 3 H A SR
FRZTETT > PP IET B ] 5 B2 - TH TR K B iy
HEET 7 JEAH R - DAMEORGABE e th PR TESE - 1M
11(c) R ilBsR i se AL LY 5

s=HEtE

AR G R Y B TR A SR Sy B 2 RS SR
HIREHESE » KA EA RS B AL & 2 46— 25 » 7]
225w 12(a) » KFRLAR AL RS G I8 SR & B 55 4 O
B 1 R A TEA B IR AR ) 2 B ) G T
TR A RS AT+ BB 2 2R DAT Fr JHA
B EHEENARE - AR BB 26 (HAREET - &
WA 5° 5 14 5°FfE IS » 14 5° Bl B A B F 22 DL
AREEE AR SRR S IR AR LA B R 3 AN 12(b)
FiroR » AE2 SRR AR — S A L SRR B A 5 T 2
JECJE A v+ DA o g B U K o ] o A 8
£ 0 IEAMEZ SRR R EYTHIF0 » BRREA E E fE 5
FERY B LB REGT o A Sl AR A Y ER R
FE AT 922 0 50 #H % BHE Y TML-Switching Box SHW-50D
et ARG P P A SEE AR BORy 190 - [RIEL[RIRF £
FIVY 5 Switching Box # YGRS » F 5 BB H] TML-
THS-100 =R & RHIEERC SR a0 8% » W0 A BI R M=
a3 BH 28 1) B B 72 =\ SFQSST (Software Framework for
Quasi-Static Structural Testing) 8 » [G]RFFEdb R R B 28
HRBGEEERGR L SR - H SFQSST N BV 5 e
HIZHRE » AL TRE BN B SR EER A - B
TTHREER A B R R O 2 S L SUE -

Rel. s N  String S N(+)
Col. o -"TP;;'Q n 0 A tiltmeter
Dpss . DN8 " i il L"f}tN?
DS7 | DN7 |g M+
DS6 | || DN6 |3 _ LiNe_ I,
pS5 + H————1 (pN5 & Qf o —— “(tN5 2
DS4 | || DN4 % ~ il g 1y
DS3 || DN3 | ; ! I I‘
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Abstract

This study aims to investigate the structural
behavior of concrete-encased composite edge columns
with T-shaped steel section. The parameters of 10
specimens included the amount and distribution
of longitudinal bars, the spacing of transverse
reinforcement, the presence of cross ties, and the axial
compressive load level. The test results indicate that
the cyclic behavior and failure modes of the specimens
are greatly affected by the direction of the bending mo-
ment owing to the unsymmetrical cross-section. The
concrete-encased composite edge columns can develop
stable hysteretic response by providing cross ties and
decreasing spacing of the transverse ties. The ACI and
AlJ design provisions reasonably and conservatively

predict the flexural strengths of the specimens under

axial compression.
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Abstract

In order to study the post-fire mechanical behav-
iors and failure modes of the steel beam-to-column
welded joints under cyclic loadings, this research fab-
ricated three beam-to-column welded cruciform joint
specimens. The three specimens experienced three
different temperature treatments, which were room-
temperature treating, air-cooling after reaching 900°C
and water-cooling after reaching 900°C, respectively
to simulate the possible material property variations
of weld metal and base metal in the beam-to-column
welded connections of steel buildings after fire. We
conducted hardness test and cyclic loading test for the
three specimens to investigate macro mechanical prop-
erties and failure modes of the pre-fire and post- fire

AAT A

beam-to-column welded joints. This research found

that the water-cooled specimen fractured at the weld
metal or the HAZ. The reason is that the weld metal
strength was lower than the base metal strength after
the beam-to-column welded cruciform joint specimen
with the temperature higher than A transformation
temperature (723°C) was water-quenched.
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Abstract

Knee braced moment resisting frame (KBRF) has
been demonstrated to be effective structural form for
carthquake-resistant purposes. This study focused on
the performance enhancement of KBRFs by combining
the self-centering knee braces and the self-centering
beam-to-column connections. A series of cyclic loading
tests on the self-centering KBRF structures with various
magnitudes of post-tension in the brace members and
beam-to-column connections were conducted. It was
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enhanced which justified the effectiveness of the
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Abstract

Generally seismic energy of Eccentrically Braced Frame
(EBF) is dissipated through the plastic deformation of link
beam. However, large residual deformation after earthquakes
makes the structure difficult to repair. Therefore, this paper

investigates the possibility of applying self-centering function
on EBF to reduce the residual deformation after earthquakes.
Unlike literatures that separated the beam and column,
allowed beams rock on the column face without inducing
any damage during earthquakes. In this research, the link
beam and adjacent beams are separated and post-tensioned to
provide the self-centering function. In addition, energy dis-
sipaters were installed in the interfaces to enhance the seismic
performance of the EBF due to larger interstory deformation.
To validate the proposed idea, a full-size one-storey-
one-span EBF was constructed and tested under cyclic
reversed loads. Investigation parameters include types of
energy dissipation devices such as frictional hinge damper
or steel angle, and various clamping force on the dampers
and thickness of steel angles. Test results show that the self-
centering effect on EBF can be achieved with little residual
deformations and better seismic performance. And it is found
that energy dissipation by steel angles was more than that
of frictional hinge damper. However, steel angles must be
replaced after earthquakes due to large plastic deformation.
Although out of plane rotations were found in the link beam,
the proposed model can reasonably predict the tested force-
deformation relation of the self-centering designed EBF.
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Abstract

The damages of special concentrically braced
frame (SCBF) system have been commonly observed
in the past earthquakes. To improve the seismic
behavior of braces, we apply section reinforcement to
the conventional brace members by adding steel plates
and/or reducing section areas to elongate the energy
dissipation range of the braces. Static cyclic loading
tests of four specimens which are wide-flange section
with different reinforcing dimensions are conducted.
The test results show that the specimen with short
range of section reinforcement is subjected to stress
concentration. Longer range of reducing section and
web reinforcement is able to increase the maximum
tension strength, but less obvious to increase the

cumulative energy dissipation capacity. Differently,
the specimen without reducing section but with
longer range of web reinforcement shows less stress
concentration, and larger cumulative energy dissipation
capacity until the rupture of brace.
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Abstract

Traditional seismic resisting systems in a large
earthquake can experience significant damage and
residual drifts due to energy dissipation of some struc-
tural members, which leads to difficult or expensive
to repair after earthquakes. A steel dual-core self-
centering brace (DC-SCB), which utilizes three steel
bracing members, two friction devices, and two sets of
tensioning elements that are in a parallel arrangement
for doubling its axial deformation, has been proposed
and validated to provide both the energy dissipation
and self-centering properties to seismic resisting
systems. A prototype three-story steel dual-core self-
centering braced frame (DC-SCBF) was designed,
and its full-scale one-bay DC-SCBF was tested to

B 5 K e AT R A

AAT R A

validate the system response. The DC-SCB was then
replaced by the sandwiched buckling-restrained brace
(SBRB) in a full-scale two-story frame, so the seismic
performance of the DC-SCBF and the special mixed
braced frame (SMBF) that has both the DC-SCB and
SBRB in a frame could be evaluated. The full-scale
two-story DC-SCBF, SMBF and BRBF subassembly
specimen performed well up to an interstory drift of 2%
after multiple tests. Nonlinear time history analyses
were also performed on the prototype braced frames to
obtain seismic demands.
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Abstract

Kaohsiung Pubic Library is supported by 4 mega
columns and a one-story high mega truss at eighth floor,
forming both vertical and lateral-resisting systems. The
third to seventh floor plates were suspended by high-
strength tension rod connecting to the truss system of
eighth floor. The structure performs the most efficient
way of steel structure by subjecting to tensile force
transference, and creates a maximum open space. The
basement structure is reinforced concrete frame. In addi-
tion, tests and analysis of micro-vibrations were adopted
to verify the differences between analysis and reality, and
to confirm the comfort due to floor vibrations.
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