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Abstract

Evaluation on Seismic Performance of School Building

with Unreinforced Masonry Walls

Jung, Woo Jung
Advisor : Prof. Choi, Jae hyouk,
Department of Architectural Engineering,

Graduate School of Chosun University

Ear thquake disaster has been occurred considerably all over the world recently. So it
is necessary to verify the seismic performance evaluation of school building which is
a quasi—public structure to reduce the damage. School buildings are composed of RC
structure at column and beam, partition wall and waist-high wall are composed of
masonry wall. It is difficult to find a clear data about the characteristics behavior
of deteriorating hysteresis and masonry wall of school building which has been
constructed over 30 to 40 years. Therefore, in this paper, in order to evaluate the
seismic performance of deteriorated RC and masonry wal |, the samples (specimens for
test) and core test piece from existed building in Korea for material and shear test
was collected. And push-over analysis, nonlinear time-history analysis are per formed
and The seismic performance of RC frame considering masonry walls coN/mrred with that
of only RC frame. This research aims to evaluation on seismic capacity of RC frame
with old masonry wall that measured the pure shear strength by loading masonry wal
inside of the RC Frame.
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Vise = | Cra.ok(100p,f )" + k0, [b,d (2.6)

w

with a minimum of Vg, = [ Vi, + 5,0, |b,d

in

Asi
Where, /{:1+,/¥§2.0 with d in min, plzbdgo.oz A, + the area of

the tensile reinforcement, which extends = ({,,+d) beyond the section

considered, b, : the smallest width of the cross-section in the tensile area

N,
Ed<0.2fcd[MPa], Ng; * is the axial force in the cross-section due

c

[mm], o, = Y

to loading or prestressing [in N] (N > 0forcompression). The influence of
imposed deformations on /N, may be ignored. A, : the area of concrete cross

section [mr], V3, . © N, The values of Cp,;,, V., and s, for use in a Country
may be found in its National Annex. The recommended value for Cp,, is 0.18/v,,
that for V.. is given by Expression (6.3N) and that for &, is 0,15.

2.3.1.2 ZEX9 MHLUHHA

(1) KBC 2009

gt=2 B2 HIEZ N0 MEUHH0 2 dEE JIE=2 8l KBC20090I M=
BIEZ X0 2et SFHHAE AFHE MAIZHH JALH, 2 =:20lksE oS
Sa4g FEXXHY 2R ISHEESH MHLYYS 01BoA2MH, Al (2.7)
o ZC.

F,=0.0254/f,, (2t00.5510Pa) (2.7)
CGIOIM, F, @ ZHXS o8 &dH=, f, © 2d 282 [l 282 JIE85SE
(2) Al
Y29 AR HIBLEZHZO MUUAAMZAS BEHo MEAT 4l (2.8)0 o
Mg Zotl AHMSHCH
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7, =0.32f,e" "7 +0.370, 4 (2.8)
OIIM, 7, @ BiEHl M 2o (N/mf), f, : LEM 22EL2 9] QI (N/mr),
o, : FLE SEE (N/mr), e @ BHAD{2(mm)
(3) FEMA356
I/in,e = Anif’ui(: (29)
OIIM, A, : HSs ~BYso R2F2 Mg =22 JoRE Jepo =HE
fvie © ZEISEH Ol dHSH

(3) EURO code
The design shear resistance VRd of a rectangular section may be determined as

fol lows

Ny
Vl?d = Cv[l/Q_eEd]tfvdo +O4'}/—S [Z/2_€M]tfvdu (2 10)
M

Where, ¢, @ 3 for masonry with filled perpend joints or 1.5 for masonry with
unfilled perpend joints, ! : the length of the wall in the bending direction,
em - the eccentricity of the compressive load in the cross section being
considered ey, = Mg,/ Ny not taken less than 1/6, My, : the design value of the
moment in the cross section being considered, Ny : the design value of the
compressive load in the cross section being considered, ¢ : the thickness of the

wall, f,. - the design value of the initial shear strength equal to f,..
according to 3.4, divided by ~,,, f.u @ the design value of the limit to the
shear strength to 3.6.2(3) and 3.6.2(4) of EN 1996-1-1:2005.
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2.3.3 ZHHHN Heag 21

= s B |

2.3.3.1 JIZ& O|EAI0I 28t A& LW
50 KBC2009, AlJ, FEMA356 & EUROGIA XIAl

= 2. <}
s 28 AEME=2 LIEHHCH. AIJIIE0 AHla Z30F, S LHE(2F110kN) O
Hol= A2 LHEHHTH

A2 Hdoe2 LIEL Mo d3H

= A —

(2F167~170kN) 2 C

THEANS A
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. N KBC2009 AlJ (kN) FEMA356 EURO
Specimen
(kN) (kN) Qu Qu (kN) (kN)
No. 1 35.1 172 .1%2 111.4%2 167.6%2 168.7*2 132.8%2
RC | No.2 19.1 171.1%2 110.5%2 167.3*2 165.5%2 132.4%2
No.3 23.3 171.3%2 111.3%2 167.6%2 166.4*2 132.5%2

_17_



(2.12)
(2.13)

(2.11)

|

bDf,

N
) +2.7 /DS uy +O.1oo}bj

n/2)

M,

Qmu
M/ (Vd)+0.12

M, =0.8a,f, D+ 0.5ND(1 —

0.053p,"**(f.;, +18

|

IlIse =

(&)
QS’LL

=]
==

H

g

F

&

™ | ©

o | I~

@ AN

3 | O

0 | WO

AN | N

3 | O

o | O

AN | N

D | D

N~ | WO

e0]

6 .

— | —

—

— | N | ™

o (@] o

= = =
Rr
KA

)

1 HWE(Q,,)

2

H
n0

RO

00

nJ
R

5|
=

LHE:‘ ’ aft :

0IIIM, M,

i00

Kir

-
[m]

-

aJ
1)

Hel

0l0

00
0
K

0l

3
_z

2F
=

2.160lA 2=8t2t

g

Rl
Kd

Ju

&t

s
x

315kN2 2 H

3

—/

o

ib0

ol
Al

K0

K

2 UES2H,

20O
[ —

) > NO.1(RCIIS)

=]
=

&

ZIHUE S LIEHHRACEH,
2ot RCIIS2 U

=

W

0l
EX

Ju

_18_



SOHD

—Nuo.1 specimen (RC Column)
—No.2 Specimen (RO + Masonry Wall with Surface Mortar)
qoo |~ Nod Specimen (RC + Masonry Wall without Surface Mortar)
< 300
i
»
=
= 200
14D

Displacement (mm)

8 2.16 =&Y AFH 2 oS-

& 2172 No. 1A EM(RCIIS) O BIE-H9 BAH2A HAWRD MBS H]
A2, KBC2009, AlJ, FEMA3S6 & ELROJIZSl E22=232|E I
o4

wWolRATH. No. 1AM 2
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400 :
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= 200
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1M}
0
0 2 4 [ 8 10
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O 2.17 AAHHEEES HIW (No.1)
H 2.6 =M AL E A=
g KBC 2009 (kN) AlJ (kN) FEMA 356 (kN) EURO (kN)

Specimen| 4 500 [ 1/125

(om) | () Ax | Bx | Cx | D | Ax | Bx | Cx | Dx | Ax | Bx | Cx | D* | Ax Bx | C* D*

No.1 |176.3]309.2|344.2| - - |344.2|222.8| - - |222.8|337.3] - - |337.3]265.5| - - |265.5

No.2 |251.5|310.7 |342.2|176.3| 17.8 |194.1|221.0{176.3| 29.9 |206.2|331.0|176.3|28.89(205.2| 264.8 | 176.3| 30.9 |207.2

No.3 |202.5|309.2|342.6|176.3| 15.9 |192.2|222.6|176.3| 28.8 |205.1|332.7|176.3|25.75(202.1| 264.9 | 176.3| 27.6 | 203.9

Ax 1 RCOISUWE, Bx @ S2UHSE21/5008 2 RCIIS AU, C + ZRYHA, D+ + XS A
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D ESHCE.
3. JIs0| UEHEMZ &Eotl) 2082 USs EF JI=2 22 HitHE2E o
SIIES2 0|8 IIE 1ol 2Fs&0. detdoz YU +=E2 LMot
MNEL = N2, &t AHMNMLZEE SULK=E2| 3/42 & FEHCE.
4. NEE2GHX =0
"Directional Properties of Pushover Hinge : FEMA 5
Input Method
¢ Auto-Calculation ¢ User Input
Properties ]
Type Prirnary Curve
r_‘. rl-‘ 25
v User Defined 5.82
Pl /A Y DDy g.31
£ [02 [-16.51 i
-0 ]—D.E ]—11.34
-C ]—1.2459 |—11.34
-B |—1 |—l
A ]I] |D 238 18.51
1 1
B ] | Acceptance Criteria
B |I,2459 ]Il,Sd .
o ]U.E |I1.34 { Current Deform,/ Yield Deform,)
E 10,2 ]IE,51 (+) (-
Vield Strength (MY) Immediate Occupancy (100 Jﬂl.D? 4.07
(+) = Life Safety (LS) JE.DS h.03
1D,EIDI iEI,EIDI kM- Collapse Prevention (CP) 19.24 19.24
Yield Rotation (DY) Initial Stiffness
- &« BEI/L  3EI/L  2EI/L
(+) =) " User [0 I
o |0 [rad] ~ fooay
18 4.13 Push-Over Hinge Properties for Beam Element
8 4.13 2 2Y2 Al FEMARL AIEOHEBEH(IIE AIEZ2 WREs EOIRE)0AM
MAISED U= FEME 248X HoH et 222 Hinge Properties 28 3™
2 B0HF10 UL
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RC Frame + Masonry Wall (FEMA)
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%]
£
«
P
=
Q
|
> > > > = > >
(= > (= > — > >
= & = = = < <
~ =} un - o o~ —
(NPD) 3210 1e3YS

100 150 200

Displacement (mm)

50

4.3.2 ds8LF

oy
R0
<
R0
Jlo
X0

-
110

0
W
&l

<l

e

n
~

=
Br
Rr
KA

0l
N

H 4.

Hlwot LIEH 222 O 4.16~4.2110 &Lt

1 o
HEHZ

A

70
10
0

J

oF
Ok

Lt Ot

Ol
83
9]

<

-

n0
ol

000

o

0

)
H

8%
10

ol
o

o
o0
_lu.Jl
Klo
ou
00

A
4

o
ol

A<
mJ
[u)
JI
=
Kl0
ol
Ul

010
iy

2%t IOt

Rr

i0J

ol

0

ol d
20il= Hs

Rl

el

ioll
oJ

o

-

EX

Ol

A

30

_50_



H 4.7 ZEBEA L |20 U2 4s&F &F
454
K& THE =D = off & et &t
Sd Sa
X &af 50.38 0.1190
RC Frame
Y 2ef 46.73 0.1561
RC Frame + gt st
0400 X 2 40.49 0.1254
WB=I| 2/3 Masonry Wall
alZ= gt Sk
RC Frame + X 2ret 38.20 0.1377
Masonry Wal |
=113
(Test result) Yy gt 33.69 0.1624
Capacity Spectrum vs. Demand Spectrum
28 -
24 4 \'.
022 LY
\'.E 0.2 4 \'\\
_§ 0.18 4 "'\‘ Performance Point
5 o N 0.12, 50.18
§ 0.14 - -\\
{ ,
T o
;’.’ Jia 1 = -
0.08 4 (s e
0.04 | B . — B
3 L] L] T T T T L] Ll T T T L T T
0 20 30 40 5 60 70 8 8 100 110 120 130 140 150
Spectral Displacement(Sd)
02 4.16 X g8 4s& AE (RC Frame)
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Capacity Spectrum vs. Demand

Spectrum

Spectral Acceleration(Sa)

0.02 4

0.2 \
Performance Point

0.13, 40.49

\\\_\—x—.

T T T T T T
20 30 40 5 © 7 80 S 100 110 120 130 140 180

Spectral Displacement(Sd)

otst A& AA (RC Frame

Capacity Spectrum vs. Demand

+ Masonry Wal | (FEMA))

Spectrum

0.28 4
0.28 4
0.24 4
0.22 4
0.2 4
0.18 4
0.16 4
0.14 4

0.12 4

Spectral Acceleration(Sa)

0.08
0.08
0.04

0.02 4

Performance Point
0.14, 38.18

\

\\‘x‘x

‘-\ﬁ‘_.

T T T T T T T T
2 3 ¥ 5 @0 70 & 9%

T T T T T
1000 110 120 130 140 150

Spectral Displacement(Sd)
2 418 X 2eF 8sA AE (RC Frame + Masonry Wal | (Test result))
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Capacity Spectrum vs. Demand Spectrum
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0.16, 46.82
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O™ 4,19 Y ¢s 853 &3 (RC Frame)

Capacity Spectrum vs. Demand Spectrum
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Capacity Spectrum vs. Demand Spectrum

Performance Point
\ 0.16, 33.69

Spectral Acceleration(Sa)

0.04
0.02

Spectral Displacement(Sd)

O 4.21Y 4ek 8B AE (RC Frame + Masonry Wal | (Test result))

4.3.3 480K 248X X

18 4.22~4.27= igH=22 458N AHXNEEE LEIRSH, 8XE 4
S==&2 Ot Hallol FAIZO UACH. KBC2009 WXAEAHDIIZN Met 1852 d=S2
24003 MB =012 2/3F2 58 276t A0, 0l AHotH (Life Safety)=
== FAlote AE SHZ otd UCH
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HINGE STATUS

0.0% E,Failun

SCALE FACTOR=
7.3916E+001

O™ 4.22 §sEHWANS ASSIK 2XE(RC Frame - X 28t)

HINGE STRIUS

PO

|\

A
i
W
!
7

\

\
N\
yls

SCALE FACTOR=
1.0355E+002

8 4.23 8sEHUAHS AABIX 2I(RC Frame + Masonry Wall(FEMA) - X 2H&F)

HINGE STATUS

1.2% E,Failun

SCALE FACTCR=
1.0355E+002

8 4.24 8SsBUANY 288X 2%
(RC Frame + Masonry Wall(Test result) — X 2t&F)
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H 4.84.100lMs Ua2d=s2 4580M2 A8 X 2Z0A LIEHWAI 28 27
ds =2= 20l ol =X&22 20 =06l H8otUCH. = 4.8~4.100 20[ of
ADE XHE 24008 ME D] 2/3== 4580A2 27ds 2UF ElMHes =8
HHE DO %2 BR 282 2/JIS 0l 382 MO MAUEASH, AL
0t FEMAOI 2SIt ZHEHME st 22 282 ZHEHMA 5100 SIOF T ™A
Ch. E£8F 2 4.11~4.1310 20| Y& 24008 &S| 2/3+=F 4S8N 274
s =225 Rlile ZEYNE Lotk @2 82 Z= 2t LS==S 2=Hotls A
2 UEH2H, ZRHEANE Udet 2 182 ZFHA 12912 282 =X H A

Load Element Number of Hinge Status

Case | Type Elastc | B | 10 | LS | CP | C | D |EFaiure

Beam/Column 382 20 0 0 0 0 0 0

a Wall - - - - - - - -

op Beam/Column | 304 0 0 76 0 0 0 38

Push Wall - - - - - - - -

-X Beam/Column 320 45 15 38 0 0 0 0

o Wall - - - - - - - -

oot Beam/Column 178 0 0 0 0 0 0 0

Wall - - - - - - - -

T 49X sk 2403 THESFD| 2/3 ASEUAL 27P4s 20t 2 (RC Frare + Mesonry Wal | (FAW))

Load Element Number of Hinge Status
G || Type Elastic | B | 10 | LS | CP | C | D |EFaiure
Beam/Column | 1122 0 0 0 0 0 0 0
1F Wall 12 0 0 51 0 0 0 0
Beam/Column | 1024 38 38 38 0 0 0 0
Push oF Wall 12 0 0 0 0 0 0 51
-X Beam/Column 1081 19 38 0 0 0 0 0
oF Wall 12 0 0 51 0 0 0 0
Beam/Column 178 0 0 0 0 0 0 0
Roof
Wall - - - - - - - -
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H 40X 28 204 THEZ=)| 23 8sE0IMQl @748s S0 2T (R Fram + Msary Wl | (Test result))

Load Element Number of Hinge Status

s | T Type Elastic | B | 10 | LS | CP | C | D |EFailure

IF Beam/Column | 1122 0 0 0 0 0 0 0

Wall 12 0 0 51 0 0 0 0

Beam/Column 1024 38 38 38 0 0 0 0

Push 2K Wall 12 0 0 0 0 0 0 51

-X - Beam/Column | 1081 53 4 0 0 0 0 0

Wall 12 0 0 51 0 0 0 0

Beam/Column 178 0 0 0 0 0 0 0

Roof
Wall - - - - - - - -

H 411y 2& 24008 MEFIl 2/3 88N 274s 28t& £ (RC Frame)

Load Element Number of Hinge Status

Case Story Type Elastic B IO LS Cp C D | EFailure

F Beam/Column 366 36 0 0 0 0 0 0

Wall - - - - - - - -

oF Beam/Column 364 2 0 52 0 0 0 0

Push Wall - - - - - - - -

-Y aF Beam/Column 342 44 10 22 0 0 0 0

Wall - - - - - - - -

Roof Beam/Column 166 12 0 0 0 0 0 0

Wall - - - - - - - -

A2V Y8 A0 WeFD| 23 4SEHUAS 274s S0 2T (RC Frame + Masonry Wal [(FBW))

Load Element Number of Hinge Status

Case Story Type Elastic | B I0 LS | CP © D | EFailure

IF Beam/Column 368 34 0 0 0 0 0 0

Wall 51 0 0 0 0 0 0 12

Beam/Column 360 58 0 0 0 0 0 0

Push oF Wall 51 0 0 0 0 0 0 12

-Y ap Beam/Column 374 44 0 0 0 0 0 0

Wall 51 0 12 0 0 0 0

Roof Beam/Column 178 0 0 0 0 0 0

Wall - - - - - - - -
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T 48Y 2s A0 TWeF)| 23 HsBEINS @74Es 0 2 (R Frae + Msary Wl |(Test reult))
Load Element Number of Hinge Status
Story
Case Type Elastic | B IO LS CP C D | E/Failure
Beam/Column 368 34 0 0 0 0 0 0
1F
Wall 51 0 0 0 0 0 0 12
Beam/Column 360 58 0 0 0 0 0 0
2F
Push Wall 51 0 0 0 0 0 0 12
-Y Beam/Column 374 44 0 0 0 0 0 0
3F
Wall 51 0 0 12 0 0 0 0
Beam/Column 178 0 0 0 0 0 0 0
Roof
Wall - - - - - - - -
4.4 HSEUAS BAHS
8 4.28~4.292 HEH=22 s8N 2 & HIE B0 JALH, & HA
Ol 2lst S2tHRAHI= Ot ol ZAl, KBC2009 WEEAHIIZNH et 152 H==2

Story Drift Ratio
=
1F 2F 3F
RC Frame 0.0071 0.0074 0.0029
B RC Frame + Masonry Wall
X Btk 0.0053 0.0056 0.0015
(FEMA)
RC Frame + Masonry Wall
0.0052 0.0054 0.0011
(Test result)
RC Frame 0.0055 0.0069 0.0043
B RC Frame + Masonry Wal |
Y Gt&k 0.0057 0.0057 0.0013
(FEMA)
RC Frame + Masonry Wall
0.0058 0.0054 0.0006
(Test result)
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Story

Story

-

-

10 Level LS Level

(0.6% IDI) (1.5% IDI)
4 T T
1 RC Frame 1
: —-RC Frame + Masonry Wall (FEMA]:
1 =4~RC Frame + Masonry Wall (Test regult)
| |
3 | 1
| |
| |
| |
| |
| |
| |
2 i 1
| |
| |
| |
| |
| |
1 1 1
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
Story Drift Ratio
T3 4.28 X8 S4B
10 Level LS Level
(0.6% IDI) (1.5% IDI)
4 A I
-#-RC Frame I
—-RC Frame + Masonry Wall (FEMA):
=4~RC Frame + Masonry Wall (Test regult)
1
3 1
1
1
1
1
1
1
2 1
1
1
1
1
1
1 1
0.000 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016

Story Drift Ratio

T8 4.20 YIS S2ABS

u]
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H5E A

(Time-history Analysis)
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sfot= AECZRH Motkls L =320l 001 &= &K 2K

(3) o 2

2 SESF WO ofHds 5t RLE=Z=F Y (Modal Superposition)2 0|26tA LD El
Centro(1940, 270 Deg), Taft Lincoln School (1952, 339 Deg), JMA Kobe NS(1995,
Hyogoken_South, NS) XIXITI0I CHGHY SEiAS AAIGHICH 222 K& IH= 2400
H MEFD| 2/3+&2 QAAHEY 1.32] 90%0 oiEot= 3AJ| OIAO0IEI == Scale
Factor= AtEst 30HS XI&IE AEotA20H, oH&AlIZt2 60=, AlIZHIIE=2 0.005

=, dMH== 5%, HIEY 01322 Modified Takeda 22 S 0l E0HALE.
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12 5.2 El Centro XIXII (1940, 270 Deg)
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