SIEXIZITSY| =2E 172 5% (T2 H93T) EESK J Earthquake Eng Vol. 17 No. 5, 197-207
20134 9 http://dx.doi.org/10.5000/EESK.2013.17.5.197

22 =9 9 5ol g dE Wikl el mAl=
Fo] et |44 A7

Analytical Study of the Effect of Full and Partial Masonry Infills on the
Seismic Performance of School Buildings
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/] ABSTRACT /

The seismic performance of school buildings has been a matter of common interest socially and academically. The structural system of the
school buildings is representative of the domestic low-rise reinforced concrete moment resisting frames, which apply extensively infills in
their masonry walls. The masonry infilled walls are divided into full masonry infill in the transverse direction and partial masonry infill in the
longitudinal direction. The masonry infilled walls are usually not included in structural analysis during the design process, but affect
significantly the seismic performance because they behave with surrounding frames simultaneously during earthquakes. Many researchers
have studied the effect of the masonry infilled walls, but several issues have been missed such as the increase of asymmetry by adding
the full masonry infill, the size of the mean strength of the full masonry infill, and short column effect by the partial masonry infill. The issues
were analytically investigated and the results showed that they should be checked at least by nonlinear pushover analysis in the seismic
performance evaluation process. The results also confirm the weakness of the guideline of Korean Educational Development Institute
where the seismic performance is basically assessed without structural analysis.

Key words: School, Full masonry infill, Partial masonry infill, Seismic performance, Nonlinear static pushover analysis

1. ME 51331 201 1 ol A3H3) & 2IsHch. QS s o 2
2| YAl E7H % 7S 208 201 1 “SHA L W
WL Tl =2l & ST 1], 24ROl 201210]

& RS H7 7ol Eokel & RS 4. ol =S

=
)
ox

o)

19953 Q& 31 A]7, 2005 7] AEA), 2008 243 4 A7

A ege ot 7o) ) slo] SPIE] w3l - 71k B3] 4% 4

oL

2|7 0] oA sh AR0] RIA ol tiat BAlo] A 2715} ZtolEQliks vhEA stk opet ARk a2t =2l
o} S-S 1o w2 WA A7 A% 27 )20 5 1988 £ i3 0 &2 w|=to] ASCE41[5]9}F U A 2][6] 2] A2 e
W o] 3 A% Skt ) 8t 4:0] of 14%o] Sfgee, L x| oFgeve =R VIEl 9l
o) s}t 71 o] o] 7% Elo} AAA} 2§57 gk AlFolk. ofof u} A=Al e WAl s g7k daks 3 = el gled 2
2 2} 2] je) 2 Aol sk o] A Hzke 4] o Sk & 23R 22 ASCEALS] AR S A A Ve
712 sk A%0] A PARZFS SJsiAs HAsH YA SH ) S et ot e[S E9kote] 2,3 A19) AR s} Aol A
Ay|olof sih. oAl RASEI} 2 B7RS 05 F1aA Aok ottt e=rasEde] 7ol =2l A AR Ve
Tl 4 2004 0] < 7| EAZE | YRS W1 SR QB [2]L Hgt vl o= 5jar glovt A ol S| 2R Ul-a HaL Sl AR

9] 7tolEeRRIE ShaAl AR g Tt npZ kA &2 3TA &2 =l o] §)
OLbE Sl BA ek Bk G S L] Uhgo] EtEo]
*Corresponding author: Kim, Tae Wan

E—mail: tkim@kangwon.ac.kr Ut} S ST S AP e Z1 Ao A=
(Received 23 May 2013; Accepted 28 June 2013)

197



o
i
>
>
oH
1
fonr
I
Ao
i
3
rj_J
(6, ]
foi
o
#
>
©
w
1]
w
D

g
[}

3

o
@

N
2
w

a3 glo] A7 HE ANBHIL S 1S A2t A5 7ol 7
iAol WA Lastchs Zolck

¢

H,
N
s
e
I
o
10
N
e
)
o
i

~
o
_OrLt
H1
Y
_O|L
=

o
iuj
ol

Sk s ko] =l
o] Wizk 2710 AR B 2 Bl R A o] uhslo] A1
oz A AORE Tl 3Rl MR AAE Wl ANISHES
5}t Qlek o] A QAT QIR A5 571 glol TshA 4] £
0] ©Jgk xjolo] 7]QlaHe Bk 21k, B3] o] 80| ABo] BAJ=lo] ¢}
Ak 2215128 215 B o] 1 Hole] 78l of
fk ufeb] o] Aol St A8 ) 2Rt 22/3)
2o u]A]ts GEFS 2A, BAS}0] B} A TR Ho] Bagolf
2 Axska gk

7Lk ojulg AT o) SR} B S AT 2% 3)
. 53] Sha ZAEoll A= i ald Afol o] B7kE ] A WA(=
, Full masonry infill, FMI) 2 2j-$-H, e¥.2-2}333} 317 | &
A 2 WA|(Z2]3] 2], Partial masonry infill, PMI) 2 |
% A i 2482 727 A T 2
oA sigo=nt arefE B AA| 2 4 ' BRG] G=th SHA|TE O]

S AR Y A 299 BRI ASSIO] 1) 1B ol 0

o

=
o, Ho y
1

o ot
I
s
T
o
|t
N
2

rlj
B

= =
e 13Tk webd] 4 B} o] 5 AR E Wl AtSte] Uish
At melegslel s)Alsks 77t ao] Klayelel Sik

AESHIE JRANTIE B2 ) 22 AT o] e g
2 ZASIGk AT} gl AR g o] ke 49 Such A
Afayelo] 207t 715K, A7} SEIRRE ohE Wk 2 1% 1
£33 34T 4 ke AT} 9 ek g of 5] e
& gzt 15w o) F7teTk AR 0] AT O 2
E3 B2 Falh $101o] 4 Aol AeHglo] F7He 21K o
Stk v 919 t5elol ok A1 o] ke AT g Ik i
Agieick o 2Eglo] YAslo] ARAgEe] S Fd A4S ¥
B e vtk Fatsp stich 9% AEsle] YAE7] 350l A
chfrelo] 37171 lnla 39 g el e Bl Hls) 27 715t

ok o) Ha 59 AR ABS SIS B0} A A Ho]
e o, AR L2 3} A S5t oLk WY 5 2 2 sl
o 2A ) sl AVt o)1) o) B Fe ekt
ok 904 S{10]ol A 22512 8l0] 1 1) B20| 7|50] v]X| T
2 ARl 232 7|5 URE Thlo] 7159 PolS Uk
A S R gk 25 S0k o) He gl
F7Me 22 ok g 5 & o astlch. NP0 B TR}
S 715:9) et 2 olol ) 13 2o 2] gasht o] AgelAl
715:9] Retsa)zh WAt glol ¥ 5ee) gt 27 Sk
Baxo] 2ol oS vf AT vy ool wshn)
ofulet 2] ATkl that 7|o] = Fa iolck @
SRR ZHR SR BRATSAR(EE FRA )
2 20| 7150] 92 1 0.6MPa, A1 7150] 91 ] 0.4MPaz )
5131 91k o] ghE 19891438} 2001 Kool ol Al - Tl U
2 oAt

0 Qe Zloleh. vk 1 o350 717 S{11]3} 2512
CFARe ke Bo] 3 glck 9fZe] 7]50] Ghe 1 24 G| Hp Ak
2 A7} AR A= oF 0.45MPa, FAM A= 0.3MPa 2 0.5MPa: L}
Bt F240] 4 oF% 7)50] o] nhet B ATk el ok U
BRs, 715 A AT 0.2 7S o) 2 AR E] B
Ao 0.2 ek,

SLEAPLL1]9] 7] Efelol i T 514 ghon)
2R 0I0) ARdEg o) AR 220 Awe] E5h7]5 9]
o, 71 S| QS At skl 28] thel vl o]
ARl g ulo] 98 this ATkARL F7sht vidl 5
RS O 4 Ik TSR A8 Aol 7] sk B0 24
o] A1 A ARk 1) HEURIES 1 0.6MPazkA] B 4
7z o) o|ck ufehd] 2AIE RS T4 R WSt a2
g o] HRAE] o] e kS FEe Bat ik Tl

L

rom
1 o
o
5%
w3
oyl 2R

L

30 o
r =

N
oo

]

¥O ook
offf
S
=2
ol
o
:
2
ox
_OIL
i
{127
24
ol
B~
L
N
ofrt
)
o
il
rII
o
ﬂOL
D
H
ol

A7k QS Ak At ok
PHT F{13] 2ARS 23]

Sk S 1310141 2] B AR ] WS o] 71 9
RS A=), AR8SH FFATE=0.21, 0.35, 0.4, 0.56MPao]
o, HRATET} 5] et A

Jo12.3.8014 5.197k4) 37k
SEECLEEDE)
= 27]0] Aglo] 1.
SEESCEED
of sk 49 Gl B slo] 7152 BEBfste] 7]
ARIA7H A7) oo ck. TR o] Aol 224

ol

Z]
&

&)
BN
2o T
®
o
o
fr
u)
3
ol
j%'
N
T

o)

oot
)
4 r‘o
98]
pata
o
=
rE
oflt
ofr
)
rlo
N
=)
X
>
o
<
=
5

)
[N
ok
R
T

O

¢

rr
)
oL
g
10
)
A0
2
ol
JVU
(o]
N
2
T

32 ¥
rlr
o
rE
oL o
oS
1o
2
EU
2
ook
1
olN
N
N
2
do oft rlo rr 1o

ofl,

15

2
0,

r
o & [
oL 2]
N

r
O.

=2

N

=

o

H

N

N

Q‘L

2

o

N
2o

e ou

o
?

Mot 2L 2L ol ot
B

=2
2

1%
o
[

rE %
o _1]1
o=
ol Ol
i
o
TES
fr 2
e X
2 K
Ho [
JBE
lo 2
o >
L)
o &
oL,
of
o
BN
2
B
o
1E
lo
.
o
o

R=)
fu
3
ol
[
)
:>|i_'1
oo
)
il
ofr
N
1o
I (¢}
i
} >
pat:)
°
ot
of
ﬂF
ol
i



i)

Mo

ﬁ

N

)

i)

>.

J

oyl

I

9‘1:‘

2

A
E

N

)

B

o ol

:

o T

e In

=

& o

R oo mx

Ol o N ol

in

%
Of
)

l%
Y o
e

i
rolo

F
_O|L
r
©
(o]

r

NS 2% A B9 S 2519 2 i ok %
750l Astsa 7} EA AR wholck A
23] BTk FAAES wdo], 2o

2 AGE 1) B AR ATE B
7EATIES Bo AR el el =
Fo1 242004 36 374170k ) S5 2 i oF 2l a7
ok o) ) S el B 371124 g
A
]_

:

%{Fﬁ 7)== 0.69MPa

ook

s

4
0
olr

o1&

1 ro
I

N
gy

i

e

g

%0

;

s

=
ot £
f

M
ofr

oN % o
o
‘I,
ich-G—
ol
'Fﬁ
=
X3
ERis
EO
;::”E
&L
fr oy
iﬁ
of i 1
>zi
N>
LN
2
o
mm%
l-eri

2
=
of

H rgape) 24 0131 = Mﬂﬂa«l -57}% wjusk
g ATt O] 7hs/dE 57 wEkA

TP Aok Ak o Y S AR B 87}
2 o] s el of oisf ke Al 2420 7J
LEG RS ARSI $Aks 242 50 A7) A

5 HREUE ekl 5 gl U AT Bast Ut

L
N

]_

N
w2 1o olf
o o100 b

30 oN
i)
HT o
O _E 019;
FE:N:',FO
of o N W
o

El
NI
Bt & of

= oy

O

EE

N

3. 2EHH| HIMSEE AN

o

(14 50 ] A1) ofel .02 9] A0 2 B Al
ol of %714 gl e o] sl w1
A P AR A QA o 2 e S
ARgstel T3t Aol Ale] FT WglE ARgstel B2 BT
B HA FA LU S B MBS 14 HE GO vt

of 3% A2 ARSI 9 S glok3 Ei4%o] thiiiel
2 B} gich of SpAT= T 1996 ATCAOL1S )l
A AN IO o] Q1o A= 20054 FEMAA0[16]04] 7122] ofeg
AR EZHS Jfekst A2 A Lslo] ALHLe AYsTh

FEMA440-2- 4818 H| e S 23141 2 =3 7]4—ATC40 Azo] 3}
2 2424717 S1h se2ietgick. 1 A, SR els 7bg Fast
4eS] SETAI(A, ) A SIS AL, WAl T
T, )7k ORIt SN T, )2 AG3le] 2712 Ask. £
B 7}% Fa3h 4 Fig. 1] AlX| o] 9]
= AR A Gefolct. o SL o] A% Be) e, ‘BL
= 7H T ol R, ‘STDG = 74k d5hs A5, *STRDGY
A T} B R AR A-S LIk AL o 715 of
P75 oful Fel Helshrlol uket el Egul 20kl A

O_>II_,O

P,L

N,
f_%él

O
i et
|I|I\II‘I‘.‘I\II\I"I‘\‘I\I‘II‘\" \'ul‘l‘lf'nlu‘l‘wllwl\l‘
Wi M.‘.‘u‘.‘.“'ww

i
) f\‘”'
".‘.;"".‘""‘f“'n
-‘"","’f\'f‘u".‘

A ‘I‘I“‘I.‘.‘I.",";‘.‘“"
‘I"I"‘\"IJI‘II‘I‘IIJI\II,‘I‘;,“ \l'f‘ll‘““‘l\ll‘\'lwl
Wi ""ew;.‘u‘;‘

i m“ |'” |||'|
BLH (0i=0%)

STDG (0=0%) STRDG (0t=-5%)

Fig. 1. Types of inelastic behavior considered. BLH=bilinear
hysteretic STDG=stiffness degrading, and STRDG=strength
degrading[16]

/ Elastic demand

Base Shear

7 Maximum system strength

Displacement

Fig. 2. Nonlinear behavior of typical buildings

A 3k 27 @a}xm o5 4 oJake s A atolA AAE Aol
71

e 4 gl oleiet v g &

&

8718 2AsReT i 480, 75 S A8 ltelo) 4
st EA mEgTue o 5187158 Haje] Seeld] Selu 2tg
Al Aol SN SRl 2, HAje] selo] RAjio] gl
Aolck. it Ajele 1A 520) gl oz, Az Aol Al
7 50l ek o0l 21904 2 ] MRS 2 o
5550 9E5teA] o] ARk otk thebd B0z
WAAS A R el A B A B U

0 SR B A A e 15
S net o] 2358 7bAA Hick b Al e 3
7hol el ek sk o AERAES 9
A28 Helpg s vATE A A oA B o 4 glrk B2 AL

250] Aol AN SR M4 Aok Al AR AL S A 4
= G)OL} 7| e gH= ke A5k Sprk ok A28 ek
£2 %] Zhalet siefehe ShgshAS 4astu A Ao o e

Q15 515 ARSIt 8] ofs) AR RS

199



£ H9335) | September 2013

<
=]
(=)
g
= M,V
]

K

Deformation

Fig. 3. Plastic hinge model in preliminary pushover analysis

Strength

i

Deformation

Fig. 4. Plastic hinge model in executive pushover analysis

Member force estimation
by elastic analysis
(DL+0.25LL)

¥

Plastic hinge modeling
(strength, stiffness)

!

Conduct pushover analysis i PpS
& performance point estimation :

Extract member force at
performance point

Plastic hinge modeling
(strength, stiffness, deformation)

Conduct pushover analysis
& performance point estimation

ES

Convergence
of performance
point ?

Yes

Extract rotation or drift angle
of each member

olefet BAIS ss] SIa) wATE A FA00 S 2R o
o] ZRSH WS ARk, 1ghAS o] 4] HiBH**(Olé}Oﬂﬂl%

#), Preliminary step, PS)’ 2} 51 o8| kA|of| A= Fig. 31} o] 441314
ol G RS ook ¥ S e Rl Heojsi
Sy FolH 7159 mHE L Sele] goolu o e 14

200

S5l o150 25%2 B3k S1EE 71slel ARiT) 1 9] L
A e] g7k ob| B 4 APYE 4 ik olefel 24171

goto] Bl YA A L el e Rt & AT ERS ANESTo]

ZH«l %Uéol ohet 74

212 7517] 1o AAECh SIEbAIA 51 FAR ATl 884
AMQPHET3]9] I 53,1 9 I 53,2 0] 243K melestele w
S84 AVIRITE of vl 44314 4 Fig. 49} o] Hepalsel
of EFah w7} A5 2 Ltk ojefeh 4434 42 912
sl R FA QS Sasha el thE Al TALS
Q1 4 Ik 7 TR Ol AH =R S A1) A S T, o] 4
SO A8 SR B a0 ol Al 5t vl s}
of A 452 2SI Hick. o] 3PS AL FA| 2o lst A
A

A, Executive step, ES)’ 2 H-E2t}. o] AXGHAl = o] o= A=
oIA A1 wi7RR] WHESRA =3t o] wf 2/ 31K] /8-S ofH]eHA|
QuRIZIA = Aol A A A Y] B & ARgRI) oulel A
A2} =A=E Fig. SO UERASIC

4, stu AE WEIESEIt

4.1 o™l =

WA 71 S1gt oAl ez oA 1980 o] 23t &
Sl WA} 3 QA =S ARSI Bl WAL ARt S-S AT 5o
35B7HE AAIBISITE Fig. 6 71559 R R0, FoFoA
oL 250 oM 2RIEZF A H o] Q5 & 4= Qlek wEhA e
RS sRte] HE(X) 2, T Wk 25 AE(Y ) 95 e
(Y2)= &2lsto] 57 FS‘P EJr. FERAL FAAEH I 24522 o

S 2P 18l epaxnte] HE(BF) I ol 52 3R HE(FM &
PM) 2 5530 of %—%01 FM-Y1’ 9] oJul= #&7dE0]H 243 %
Ho] 3k Eﬁ‘om Fig. 72 % zH #Jidﬂtﬁ'ﬂ $ Zl~ Ho
231 9it) Y1 AL
iﬂﬂt}“ﬂ Rt HITH%J | AR RE FAIS 4= Gl SolTh Y2 ﬁ
& Ao A= Qe pEnks st ekar vt Ao 24
iH% i I L A e R R e e
A =2 QIR HIth A o] J3ke 2ALSIGITE
zAs]2o] At e k= oo HltjA o] EABIR|TE A3 5ol 1A
P2 mujsit). oA AEe) A4 5 198002 714513t gt
AP 3]9] 3£ 3.3. 170 wh=r A E=7H1980 W Y uff 242
EZJT L5131}k 15MPa, B4} 18MPa o]cq H2o) R = Flelgh
240MPa, HZ300MPa o]tk A5H 7} A] 81817E SRl 7 5ol Bt
A2 HAL A A F ol ARESFSITE oA =] X = AR T, Sp ARk
oz 7PsISit). BIARAA FALHEIAE 9fFt szl Re
MIDAS GEN[17]& AF&-3}5t).

F]F L



1400

B
ikl
2t
Ho
3
el
Qan
ul
%
=
1o
El
X
THo
=
!
0x
or
=]
>
rr
og
oz
=2
=
ro
:O;I:
1z
ik
re
ol

=)

4500 4500 4900 4500

8
T8

a8
1

8

3

8

(3 63 03 63 03 G ;

67 " 182 @ 62 @ 62 w | l
rz icz iCZ tCZ # #
6 a1 a1 6t | |
41 @ Jot 63 1 68 e 6

I I
3 & Jmim ch 6__ o3
13 |62 |62 le7 &
6l &4 o2 64 o2 &4 le2 o
4 &
|6t a1 |6t |61 ICE=A
£1 63 o1 68 ot 63 o1 63 et

: Partial masonry infill

.........

-

¢Z_ > Full masonry infill

~

o

| o e

T p——r

Fig. 7. Location of masonry infills

ok %ﬂﬂ A 2ol 57
S7hBaslh fEZS FE A% 44283 BT, S 24
@u10) S5 e AMgtu, BAIARE ASCEAL[S]9] A1S sttt
SR LA HHIE 5 2S5l SRR sl 7
Bl whebd] S 7H 2 QRS T Al W 2R 0] B
Qe O A = 2] W e s, BY 5

o e R9] 253,502 ol g el o) vl 2
U1 Sepa glis B 2R S AA|o) Awrlo] H9Hr). B
o] 7} st AR B e S48 W S ek i
A9 29 518 18 Sl o Table 1] zﬂ 18}%.

¥

A guie) fﬁl%xd%%}EL w1
o) ez otvlzie ) 4

V :Anf :A v

ine n - me

M

Table 1. Shear strength and drift angle of full masonry infill

Uy V;nc V}rn,me _frame. ﬂ drift angle
(MPa) | (kN) (kN) Viee | iy (%)
0.2 105.8 262.5 2.51 2.61 0.9
0.4 211.5 262.5 1.25 2.61 0.6
0.6 317.3 262.5 0.84 2.61 0.6
0.8 423.0 262.5 0.63 2.61 0.3
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Table 2. Maximum base shear and roof displacement for longitu-
dinal direction(X)

Base shear(kN) | Sa(g) Roof displacement(m)
BF-X 3994 0.221 0.052
PM1-X 4547 0.267 0.036
PM2-X 4802 0.284 0.034

Table 3. Maximum base shear and roof displacement for transverse

direction(Y1)
Base shear(kN) | Sa(g) Roof displacement(m)
BF-Y1 1853 0.306 0.043
FM1-Y1 2122 0.341 0.026
FM2-Y1 2639 0.424 0.023
FM3-Y1 3045 0.489 0.023
FM4-Y1 3302 0.530 0.019

Table 4. Maximum base shear and roof displacement for transverse
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Table 5. Performance evaluation result for longitudinal direction(X)

STDG STRDG
BF-X 10 CL
PM1-X CP CL
PM2-X CP CL

Table 6. Performance evaluation result for transverse direction(Y1)

STDG STRDG
BF-Y1 CP CL
FM1-Y1 LS LS
FM2-Y1 LS LS
FM3-Y1 LS LS
FM4-Y1 LS LS

direction(Y2) Table 7. Performance evaluation result for transverse direction(Y2)
Base shear(kN) | Sa(g) Roof displacement(m) STDG STRDG
BF-Y2 2089 0.378 0.046 BF-Y2 LS CP
FM1-Y2 3642 0.331 0.025 FM1-Y2 LS CL
FM2-Y2 4249 0.386 0.019 FM2-Y2 LS CcpP
FM3-Y2 4745 0.431 0.019 FM3-Y2 LS LS
FM4-Y2 5003 0.454 0.017 FM4-Y2 LS LS
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