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The objectives of this study are to evaluate on the in-plane (IP) capacity
of unreinforced masonry (URM) infill walls, and to investigate out-of-plane (OOP) behavior of URM
infills and to identify the effectiveness of the tie system, which was proposed to enhance the
infill stability under both IP and OOP forces. For this purpose, 1/4-scale, single-story, one-bay
masonry infilled RC frame specimens were tested under the IP static cyclic loading and OOP dynamic
excitation, respectively. Static cyclic loading tests were conducted to investigate the lateral
force resisting mechanisms in the IP direction, which were evaluated based on the strain data
measured on blocks forming the infill walls. Shaking table tests were performed to verify the
effectiveness of the proposed tie system for preventing infill OOP failure under excitation
simulating severe floor response in medium-rise buildings.

RC



URM
RC
URM
URM
URM
URM RC
URM RC
D
RC 5
1
5 1
2 2
== = | == = | == il
8 j 705 ::
l 27— 1B-1SH' 1B1Sv Bt |
‘ Bare frame specimen ‘ specimen i ‘ “7

.

fief =1 =
3 = T e
Pl aanas = =
UgTEILLLLLLITLITTTT L]
LIS |INRRNNRRRANNRRRRRRARRIS
NS NARNRRNNNRNARANARNRRR (IS
B Bl |||||||||\‘I|IHI‘|'TH.W|||||||||||||H =
S ] ]
) ¥ (5| HHH C shaped profile -H-Hh 5
o SUSTTTTTT TS
g w = =

j 75T 1,160 A TTANES

‘ 1,730

2 mm

RC

BF 1 1
1B-1SV

2B-1S-H
2 1B-2S-H

URM wall
Tie system

1B-1S-H

2B-1S-H 1B-2S-H

@ @

Positive
Loading

Specimer—2H

Iz
38|
Jo|
=}
R
8 |

[ \ \
ENMNANNNANNNNANNNNNNNNN \\ﬁ\e\g\c}}})\n\wgn INANNANRN

Target drift angle [%]
>
>
PN
>
>
>

' T '
A WN

4



== T |
= =
e Emammsamaasmam
I“I‘;‘\.l\‘\l\‘ ‘\-‘\‘
o 2 i e s A
(@ 181S-H ST
specimen T T T T o T
I EEEEEEEREEERERTERETEI I
“7 L 4“
o G L D T
o 2 e e e
T e SEaESESESEaR
o . 2 2
o 2 2
T e o T
(c) 1B-2S-H
Lt specimen
(b) 1B-1S-V
specimen
|- T T |
I T e | |
s ransrans ou smsamra i L va  vaan e A samanes
I!II.\!I I!I!I T \‘Tl\ I!IIH\ \l\l\ T \‘Tl\.
B A AR R L RS B A A e e R EM TR RRE
i R e
III;\IIIIIII\‘-\‘\TL II';'\“\‘\“T‘\‘T-‘-
TeTeTeTeToTe o TeTwTsT TeTeTeTeTaTeTaTaTeTaT
(d) 2B-1S-H
specimen
5

6
Additional dead load Accelerometer for response
acceleration olo/ve!all frame
Sl beem =i = = e e
t%;\‘ﬂg));co‘omﬂ;eg#b of overal frame
Laser transducer for lateral
—_ — of each layer of both walls —_ —
L |
Accelerometer for .
of bothwalls
B N
Accelerometer for|input
acceleration of shakifg table
n URM wall specimen) [Tie system specimen]
‘ ‘Shaking table ~g—P Excitation ‘
6
5
Erzincan
1992 EwW
5
7
(2
Runl Run6
26mis 10% 6.4m/s 25%

12.8m/i  50%
100%

15
Run6
Run6

191 m/i 75% 255m/s

306 m/s 120%

Run7
Run7

Run6 1.

3

cc. data for the small scale specimen

|
2 {b) Sandard &
10 ---
O U’"I"' h
210 }--
-20

@

BE
0.1%

1.5%

1.5%
21.0kN

10
Time ()

0.4%

19.0 kN

1B-1SH

BF

15% 52.2

2.8

0.1%

kN
BF

1B-1SV

1B-1S-H

1.5%

459 kN

15 2C

1.0%

1.5%

1.0%

58.7 kN

1.5%

49.9 kN

1B-2S-H

2

1B-1S-H

0.2%

52.6 kN

49.3 kN

2B-1S-H

0.2%



1B-1S-H 120

2 100+

0.4% 104.4 kKN 80}
1B-1S-H 60F
40t
20}

20+
-40F
.60}
-80F
-100

L4
MY

Story Shear (kN)

{h
!

BF

LA
\
b

%

Story Shear (kN)

2 — -
1B-1S-H b i
L I Quao=-49-3kN
I e S Ay /il =7 3 2 1 0 1 2 3

I L Drift Angle (% rad)
T
o ...Maximum strength ...Deformation capacity

9

" ‘ 1B-1SH
Si e = = 2B-1S-H

[AN A

£
&

M T T
PAE )

@

2B-1SH 10
8 Ves =W, 0080 -0, - t (1)
Weq 0
340 Om
§ 201 gm t
£ 0 48 mm
>-201
&-40
©)

60 0,/0/9,/0,/0,/0,/0,/0,/0/0/0/©/0/
— T 71 71 71 = =@,
Z 40 A 7171 HE H |7
< of I X A /1 : e
g 2 o P A L e /

@ A 71 ine =
&5 0 Vo o e e TS
>-20 o T ¥ T 1 X ’ R cg,mﬁs/
§ 40 AT ] 1 1 i I[bqul‘:'alcutsllrulj _ i @/ 7
n - N ol 1V ¥ 4 1 DA AL
-60 Ona= 587N, N 2 s - Wl W 2 i
-3 -2 -1 0 1 2 3 ® 4 / /
. B N il 2 e . 2 s A WA A
Drift Angle (% rad.) '°’70ﬁ’%[/ [ A VA A A s A W SN A
S %, R/0/0/0/0/0,/0,/6/ 0o,/ ®
"‘fg;/ / / ® 9,

60 T T T T 0 T=25.0kN" Main strut angle (0)
240- 1B-1S-V ’ g 10
= IN AT ——
5 201 /%///ﬁ///é/ J
2o — -
& ,f"’(’?——/ 9

.20_
z 6 @
& 40t i §

60— L | Oma=49PKN . . I I

3 =2 1 o0 1 2 3 0= _ijxej 2 )
1= ]=

Drift Angle (% rad)




—
T _ AS e
— A \ _” g ! P e as
M i TR g _ ' £ -3
HAA 2 HHH A _ - R - N B T32
HHE % 7 e |[HEEE T |G < LSig bk R | o e .
HAHAH S In £, || A |2 = 13: : L3it
=4 T HhrrrEr 2 2 || R 5 $iz3 o5 i233
A A=zl | IHHHHHD P S ®© HHAHNHH S = ss s g 82z o
0 1 Y N 1 s talas ! /o |2 |y o | i £ ] 3
A= W Yy © | 8 WHHEH L= + ) Z H
i I ¢ |12 2 MEahi s |3 _ § bt
= 2 — A L | 8 HHHHHHH & i < ! "
a4 M\WWW%W I b C\ﬁ — 93 ® H _ N
— A 2 | H A HAH R © mpmgmpngmpmy ] = ] s
ER iperanzict KNI HHpAs L (3 i T <
HH B o ||l & |2 A AT 2 SEI 2i T
‘< ivi H A MHIHH S e HHASNH M H o c g wn ~E 1
(I I x H B HAHHH = L MY HH K £ —_— o wn
4 - © HHHHH] & |2 L o |3 H : : —
e = ] 1 |N||Yw\|Q I wt m a :
NP NN g 2 % |t < |2 o~ = A
HHH c g S Ty ¢ a
= /1 < % - g 7 HHHH] 8 g
- I = HEHHH © °g ‘= R
/7 ¢ — Il % HATHH 1 < £ s Femmmt s m
— 1 < u ﬂW/ O, = S ~
pEnE T Ny
e I - . . 5 " =
=)
ﬁ —
—_
© R 8 8 8 8 8 2c g
_Zx.o,unm_ h g 8 8 8 e ] °
(NDD O ‘proT
5 - -~ —~~
® D < ~
- ~ v - =
PW.PW, & ~ =
=]
& £ 37
- g
o
J & 3 — _ R
— c M §=¢& ¢ 3
2 o =) =N 2 S o3
N — SR =
& & a Oy sW™ c £8
- Il ) I 0 T S.8
o w c @& g . S _om u = ZE an
= BT E = : * Ty s 2
=
— EIAKD @ Y \@A 2 B )
V.M, - = nz.,ll, Z| s = — n\_u
= ~ o = o §
X . \ o —_— - © 2 i
£ < = ] = £ = oa
« l q — @ We m W [\l
= ENT X o i< =)
N x 53 o
o ; Il w0 W a — .
— &
S S - =T =T ¢ < & o
o nw, ~— — < c ©
- Il = Il T T m S
N G 3 o = 2 =
Q (2} PW, = 1 N
[ON ~ . mc —_— — m
S g 5~
X = L —
<
N



@)

Acceleration response spectrum, S (m/s”)

Spalling ratio (mm*/mm**100 (%))

15
16
5
100 ———
90 @ Max. response point] Run6 §100%)
50 Responsocurvd Bups (58%) /" |
70
| i
ol W
. s
40 [ Run7{(100%, T 1 3encs)
30
¥ 1 &
wl/ LA hd ° ]
10 LA Capacity cur v
unt (9%) |
0 J == i
0 10 20 30 40 50 60 70
Displacement response spectrum, S, (mm)
15
30
25 -
20 o
/l
15 "

; ; i i i i i
Before Runl  Run2 Run3 Run4 Run5 Run6 Run7

exitation

16

(1) Choi, H., Paul, D., Suzuki, T., Matsukawa,

K., Sanada, Y. and Nakano, Y. (2015).
“Seismic Capacity Evaluation of URM Infill
Built in RC Frame, Summaries of Technical
Papers of Annual Meeting, Architectural
Institute of Japan (AlJ), Vol.IV, pp.777-782.

(2) Choi H, Matsukawa K, Sanada Y, Nakano Y.

Experimental  Study on  Out-of-plane
Behavior of Infill Wall Built in RC Frames,
Bulletin of Earthquake Resistant Structure,
Institute of Industrial Science, The University
of Tokyo, No.49, 2016.

(3) Jin, K., Choi, H., Takahashi, N., Nakano, Y.

(2012). “Failure Mechanism and Seismic
Capacity of RC Frames with URM Wall
considering Its Diagonal Strut”. Proc. 15th
World Conference of Earthquake Engineering
(WCEE), International  Association of
Earthquake Engineering.

H. Choi, K. Matsukawa, Y. Sanada, Y.
Nakano, Experimental Study on Out-of-plane
Behavior of Infill Wall Built in RC Frames,
Bulletin of Earthquake Resistant Structure,
Institute of Industrial Science, The University
of Tokyo, No.49, 2016.3

RC

Vol.38 No.2 pp.841-846
2016.7

H. Choi, K.W. Jin, K. Matsukawa, Y. Nakano,
Evaluation of Equivalent Diagonal Strut
Mechanism and Shear Strength of URM Wall
Infilled R/C Frame, European Conference on
Earthquake Engineering and Seismology,
Instanbul, Turkey, 2014.8
H. Choi, D. Paul, T. Suzuki, K. Matsukawa, Y.
Sanada, Y. Nakano, Seismic Capacity
Evaluation of URM Infill Built in RC Frame
—Part 1 and 3 -,

2015.9

D. Paul

2015.11
T. Suzuki, H. Choi, Y. Sanada, K. Matsukawa,
Y. Nakano, Seismic Capacity Evaluation of
URM Infill Built in RC Frame — Part 4 -,

2015.8
H. Choi, K. Matsukawa, Y. Sanada, Y.
Nakano, In- and Out-of-plane Behavior of
Infill Wall with Reinforcing Tie System Built
in RC Frames,
2015.9

http://sismo.iis.u-tokyo.ac.jp/

CHOI HO

MATSUKAWA KAZUTO

JIN KIWOONG



