39: ggpa DV )—rEER HED
BRI IER [ RAHEED
BHICET HEEE

MRSEE
REI¥KRY
HRIRKE
ZLHEIXXZF
REKE
pN

HEARE
BB



E}l:w‘cdbg

i (FRR B T R B D E S 1 RE

- %*17/7&1&' &(161%nmn§n+(ﬁh%%*§f§)o)%§
- FEBTR#EARENENEE

- HIFEMRBIZRDML

- UTOEENRRBOEBILEICS X 2HEL T
. BT, HAM., BSHELAIL
. BIROHANBRGE
. BREOE AN (R BRGE
. TEE DR
. MBEAO S KA

REWUELHMERTEH

— 20105 RCHI#E - RIRR DR E
o 1REXETTIXIREZHI T
o 2MERETDEEMICBIL TIXFEE AL

— 2010FF)HEICEITHHEEH n
.+ EIFRRR BT R OO FE AR o M —




H &Y

BTEECAR &S S UM AFHHARCEERTHRED
ERHERICEZSEEICEI HERE

@ mERia R O M E K EMEE A A % R R EE
DMEICEZLZEICRETSIRBRAE (RITK-FX)

@ GHENEROMEN KL MR BT L THRED
AHIC5ZEBICETIEREE (ZTX, RA)

@ BHITHRREHEEOHEICHNITIZS ARME DR
%R 2 EBRAE (HK)




9,

U &R 18 SR D B E S IR R = A
EAXFEMEEDNEICEZL2E
(RERIEXRF-HEKF)




D EEDFEED

o BRI DEEEOEETDIEH, BHEMNENES

LB DS EEE A F-

o« IMERFREID B ABTREEZTIEPIT L, &
RZERANKESLES.

- PIIEHOER ST, RBBERBEAL



3. Configuration and Rebar Arrangement of Specimen

Three Specimens had two variables ,"End Region Confinement " and
the “Axial Load" (40% of scale)

o gl
1700mm
- i
- .
Vertical , horizontal reinforcement: 1750mm
D4@50 double
°°:::::::::::::::::::::::::jfllzomm

Steel: SD295A

Concrete: =30MPa Yield: =390MPa

a O



4. Properties of test specimens

Three Specimens had two variables ,“End Region Confinement ” and
the “Axial Load Level" (40% of scale)

End Region Confinement

Axial Load*3

: Dimension Shear el [ Ultimate
Specimen (mm) Reinforcement (R;(tli% no)l‘ Drift
(Xn/a)*1 (Ratio 0 yn)*2
V=84 x214| 4-D4@80 600kN
MC — 0
(1.44) (1.36%) (0.1) Ru=1.26%
V=84x114| 2-D4@40 600kN
SC = 0
(2.77) (1.46%) (0.1) Ru=1.14%
V=84 x414 | 4-D4@40 1200kN
HN = 0
(1.16) (2.61%) (0.2) Ru=0.94%
A4 Jongitudinal bar:10-D10 ﬁ Xn =2 —y >

MC

520, G2

T | F

1720

1 (HN)=1n (MC) X 2

Pwh(HN) = Pwh(MC) X 2
S(HN)=0.5xS(MC)

2xV(SC)=V(MC)
Pwh(SC) =Pwh(MC) S(SC)=0.5xS(MC)

~~



5. Loading Systems

5%

Dl it
JR

[ = @@ﬁ@@

2000kN hydraj

Wzl

1000kN [hydraulic jack g / 1000kN hydrauti€|jack

({mm

1700
 —

.
|
400 |
3
5
.
|

= Contraflexure Point 2400mm
- shear span ratio 1.37
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7. Q-RE8{% (FRZ#ESER{A MC)

: E ) Standard Specimen

92104 [IUOZIIOH
o

=200 ..Ultjr.qaxe A A A v .
T crack
(kN-leO | b= 7T compresdive yield
600 -467kN \ — tensile yield
-2 -1 0 |

Drift (%)




8. Q-REF{%

- 800
S

N" 600 X #BE

& ® BKjit
L o IR {IET 7N
S - 5 aR &K
3 200 L s

® VUEINn
(kN) O

T 800

S

o 600

>

&

o 400

o

8 200

(kN) ¢

Drift (%) Drift (%) 11



11. IERDWEHD VT A7

measurement position 1000 VertiFaI Diftribufcion .
= = s L
= =5 AR it
— —=l4 320 Q ‘ | | .5 .5
== ! Q | @ —<—1.59,
—See— i = 600 ! ! ! : 20
;E%I: 0 @) | | | | ——1.0%
% i i i | -%-0.75%
o 400 [ s |
5 | | | ; ——0.5%
— = = = yield strain 8 200 | : ,,,,,,,,,,,,, ——0.25%
Horizontal Distribution ; | 0.05%
0 0.1 0.2 03 0.4 0.5
Strain (%)
——1.5% Upper T
——1.0% Surface
-=-0.75%
—US5%— _._
_025%\ %Fﬁ?\jjﬁﬁiﬂj
0.1%
0.05%
400 500 600 700 800 875 :

Horizontal Distance (mm) Wansélcnon
CENE m———p



12. MEFHFO T A KRS58 D L

A 300

3aueISIq [edIaA

(mm)

250 s
200 |
150 |
100 |

30 |

—  R=1.5%

50 100 150 200 250 300

Horizontal Distance (mm)

B S5

r-/

0 =



13. BTEEEHT (Material Model)

-600

=0.004

Ultimate Strain of Concrete €

£ =0.004+14p f e | '
Reference:Mander, J.B. , Priestley, M.J.N., and Park, R. T

calRu

[ Steel Model]

—D10
- - D4

]

-

i

=0.002

Strain((Jm/m)

0.002

Steel : perfectly elastic plastic

The Drift to which Ag/2 reach € ¢,

0.004

; Confined Concrete - Plain m

[Concrete Model]

40 . ;
P et G uigh d N

= C
=20 b X Plain
é — - MC
V10 — -SC

0 / N\ HN

0 0.002 0.004 0.006 0.008 0.01

Strain(m/m)

Plain Concrete:Popovich Model
Confined Concrete : Sun&Sakino Model

The elastic component

¢e: of curvature

¢p: The plastic component
of curvature

2400 Calculation of drift

lp =5t

t: wall thickne$4
120mm

de b



15. Brm g
eXpRuf/caIRuf =0.99~1.39

f/caIRuf: 1.32
© — R
. FEHT
(kN) . - . .Iszuf 20 55
“ [SCTHREE N
llca|Rur = 099 600
eXpRuf/[;aIRuf: 139
@-Loo e _
200 !
e o I lR>
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 cgllfuf  gxpMuf 545 25

Drift B 1T B 53 (%) Drift D B (T 73 (%)



17. AlJ Model(Prediction of Shear Deformation)

The Shear-Drift Backbone curb is evaluated in not good accuracy

T
S
S 600
S Experi
8. 400 E— xperlment
— ——  Analysis
g 200
Q
o
(¢) 0 -
(KN) oo 0.2 0.4 0.6 0.8

1000 1000 S r— r—
= (MC] Standard [ScY snialler Confined region
Q |
S 800 800 |
o) |
S 600 . 600 .
o L
7 400 [y T 100 [P
S 7 - )
o 200 ' 200 | AL - -
) / | J
(kN) © 0

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 16 08

Shear Component of Drift (%) Shear Component of Drift (%)



19. Prediction of Deformation

The ultimate drift can be evaluated in good accuracy.
expRuflcalRuf=1.13~1.57

T 800 : - manRHLGaJRu:
o [HN]) Larger Axial Load | { 16
N~ |
D 400
-
©)
g 200 @
-
o Il

(kN)

800 800 . - .
I [MC] Standard (SC] Smaller Confined region
g- 500 exp|'<u/cal|'<u:'|-'I ¢ 600 ex;)Hu/caIHlJ =T8T
i 400 400 _ =
o' 200 .y 4 _
S ;s S/ b dledRu | YWY /S 7/ /S cal Ru / Xpiiu
8 0 : o Bk o Q
L0 0 0.5 1 1.5 2 0 0.5 1 1517 2

Drift (%) Drift (%)



D HAMHEEDEED

SEOERAR

e FEEOER MHERIFOMERGFELEHGMER, HERESDHE, BMONKEEFLTRY
BEICEBA 52 2B BHRF ChA_END M=,

o WEREDHMEHEELEHERE, HEREHE, BMODEEEXZITTEIRTEIERT
B OREIEFE=IELT-.

« WME-ZHEGRZE, EpTETCHEEHOEABBITRETILEERED
HTFAILz. BEEOEBEREEDOSE, £IEBERESM0.35EFELZES
2, EERDARIBE M RIBEE TET-.

%ﬁu%mmﬁ

EMAERQHRT, BAMRBELHNZERT DL, REBRERIERED T A
BENLERTD.

RIT EEE%
KEEEXETEH

°
N

LT, EREROFE - ERARROBBIREASEGREZE
FEZ 27

,4[11

18



@

i 20 $8) 2R
JE 3 FR BT I
(BEEBIEXE, £45;

D ETE FZ K EFHR E D
DIMEEDNEICEZLEE

TR RE)

19



2 MEEDFEED

:I:”ﬂﬁﬁ']ﬁﬁ’&lﬂ FERERITACETER AR LT HE
HEFRLT-,

imER DRI EREHERHENREVIIELT R EEN
j(%lz\c_&%ﬁﬁ; L/T:o

HAREE S ERERICFELEMN o1,

BEXENICHEREZHZITASETERERENRLETEHIE
ZHERRLT=,

Ay bEZ(T=HERAPSIEIR )Y rE D) — D EIE
Li=7f=¢) .JT%%ZISPJ:U%EEEI KT L=,

20



FAER 1A

h=1200
h=1200

@

D4@35 doubl

®,

9|gnop 00T®YA

—_[®lanop 00T®¥A

l |
N(P), P(P), N(M/Qd3.1) N(s70)
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K77 (kN)

1200
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2.46%

800 —

600

400
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-200

ToN[1w]
902.3kN [

-400
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Flexural tests on reinforced concrete wall component
under bi-axial lateral loading (2011-2012)

ARG A EASE
= = HifEEn—F )b
= A — Rt KFIvy+ ﬂ T/HTL
— | [ e
= e
- :

= l

[T 1

3200
7, ey 7,

Out-of-plane anti-symmetric  In-plane cantilever
loading loading
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RC wall tests under bi-axial lateral loading (2012)

WC2D WD2D
tw=150 = sz tw=100 | g'
Main:8-D13(2.25%) Main:12-D10(1.90%)

Hoop:4-D4@33(0.57%) Hoop:6-D4@33(0.57%)
2-DA4@33(0.57%) 2-D4@33(0.85%)

Wall:D4@50double(0.37%) |Wall:D4@75double(0.37%)

:D4@50double(0.37%) :DA4@75double(0.37%)
Fc=30(N/mm2) Fc=30(N/mm2)




RC wall tests under bi-axial lateral loading (2012)
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RC wall tests under
bi-axial lateral loading
(2012)
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Difference in failure modes (2012 wall tests)

an WC2D [




Difference in failure modes (2012 wall tests)
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Crack patterns at 1/100 (2012 wall tests)
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Flexural theory on the Ultimate Deformability of Wing-wall
Specimens with Compressive Hinge Zone Length

1,800
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=+
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= =
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EE

IIH]

300
150‘

39550100110

-
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-~

Ru :Cxlhx¢u
|, =2t, ¢ =¢&,/X%X

Xn — 2LCC — ACC /tW

L =Cx2t, xg, X

C=06

&, = 0.003(unconfined)
0.006(confined) o



Observed and Calculated and Ultimate
Deformability for Wing-wall Specimens

0.04 _ _
R, =cxl xg@
0.03 -
. |, =2t ¢u:gculxn
002 o m
0.01 % ¢ e . R y ZCXZtWXgCU/Xn
O \ \ \ \ | | C _ 6

&, = 0.003(unconfined)
0.006(confined)
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