Journal of the Korea Institute for Structural Maintenance and Inspection pISSN 2234-6937
Vol. 17, No. 3, May 2013, pp.028-039 eISSN 2287-6979
http://dx.doi.org/10.11112/jksmi.2013.17.3.028

ﬁ‘

EsYoliME Stt |2 ZHHA HZ9| L2lds Eo4

OI—O_Io = —

Seismic Performance Assessment of Unreinforced Masonry Wall Buildings
Using Incremental Dynamic Analysis
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Kwon, Ki Hyuk Kim, Man Hoe Kim, Hyung Joon
Abstract

he most common housing type in Korea is low-rise buildings with unreinforced masonry walls (UMWs) that have been known
as a vulnerable seismic-force-resisting system (SFRS) due to the lack of ductility capacities compared to high lateral stiffness of
an UMW. However, there are still a little experimental investigation on the shear strength and stiffness of UMWSs and on the
seismic performance of buildings using UMWSs as a SFRS. In Korea, the shear strength and stiffness of UMWSs have been
evaluated with the equations suggested in FEMA 356 which can not reflect the structural and material characteristics, and
workmanship of domestic UMW construction. First of all, this study demonstrates the differences in shear strength and stiffness of
UMWs obtained from between FEMA 356 and test results. The influence of these differences on the seismic performance of UMW
buildings is then discussed with incremental dynamic analyses results of a prototype UMW building that were selected by the site
survey of more than 200 UMW buildings and existing test results of UMWs. The seismic performance assessment of the prototype
UMW building are analyzed based on collapse margin ratios and beta values repesenting uncertainty of seismic capacity. Analysis
results show that the seismic performance of the UMW building estimated using the equations in FEMA 356 underestimates both
a collapse margin ratio and a beta value compared to that estimated by test results. Whatever the estimation is carried out two
cases, the seismic performance of the prototype building does not meet the criteria prescribed in a current Korean seismic code and
about 90% collapse probability presents for more than 30-year-old UMW buildings under earthquakes with 2400 return years.

Keywords : Unreinforced masonry walls, Shear strength, Seismic performance, Incremental Dynamic analyses, Collapse
margin ratio, Beta value

. M2 70~90\d Atolol] Hojzl Wil w=F3hE 3% olske] HEER
A WA g A5El o] Fof glx] ¢tk mdk 2
1970 ) o]F AAEFH o7 Qlsle] YA ES] Q1T Az AFEL o A e diitRE U] 9lo] Axlo] vt
o] w&s| FEHHA, EA9 W A FE] ¥ F A 7 ot a7t ol Han Qlek o]k 9 ol E
Z3do] AZhet gl o] =) olejst FE IS 7] AR Afgl A BTl A% AFES] Af AXT 2
e st vRA =A% 3T (AT W= Aotgg wrod vt e nlE & &3S A He
FEo] Tt e AAE Itk o]FelE AL FEhdt s AE & g odnk ol 2AX AFEY AT 7ol flE
< FEl Az FETHo] gl AFHgoH, dAds B WA F22A FAsksel diEids SEd S T
& 7Y 2Ax FHo| Hol ANIEe] FAFIORA AT QA Fskgel M AsHol FHokelth: WS
S 3t Qltk @Al Holgle U] 2Ax AFES 7 A 3L gk

D A3, MeA -t A=t e * Corresponding author : hyungjoonkim@uos,ac kr
2) A3, AAgdstn A5gstat Aty o 2 =0 tf3t EQE 20134 6 309714 SR HUFAIH 20139
3) A3, MeAlddEn A%l R wAIAR 79350 ERANE AAsEU

Copyright © 2012 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

28 =Rz SFCRXYE|Rss =27 X173 K33(2013. 5)



A7} 5 o]FaL 912 (Kwon Ki-Hyuk et al., 2007;
Lee, 2006), WX tidell ] Alels= R 24842
Uz dsell tist A5+ (Kang Sung-Hoon et al., 2010; Lee
Bong-Keun et al., 2002 & 2003; Yi Waon-Ho et al., 2004
& 2005; Lee, 2006; Chang, 2002)= 7F#oln], thAz o
2 o|Folx|aL Qltk: o¢} T AR sl 2AZ UFE)
uzid587F W (Korea Infrastructure Safety Corporation,
2008 & 2011)> = B]R7 249 548 A4
Hd Tk 1) §1E m]=re] 75 (FEMA 356, 2000)S

F4al0] AFgalT Ik o) Q1ge] AR A A
Fo Peent uwg ZAWAS AESH: A% A
Al WA s ml=e] 71 gt ol Wix s vke] A
g Apol7h Q& Ao w A} AL, ofef sk Aw Z
= AR A7 Ae] ARgE Aol

2009'dell 71l = 33575 A 15 (Architectural Institute
of Korea, 2009) &V 2 AEAAE 7IHEO R a4, 2400
W A@TF719] FEANPEES 7R A1 AFER T}
2% (Spectral Acceleration)s ARESlL Sl G35 A7
ol AFE-E]= 24001 AHFF7]] A e o3k A ED 715
5= 238Rs AlFE weko] AARRC R sk, EE
A YA] aAbsEs st RESTAATE 2841
A2 APdeHAl Aok U 52 AV Sl
vl A5El diste] 2400 AAT7|S] FaAmEs

(
b

A
EE 7R ARl MgE o ASEo] B FgES 7t
A5F Aok T PAIH R AAEAL Stk of= v

P
b =
T-%5 WRX5715 (ASCE/SEL 2005)3} AR 7%
7)FoIth F2E FYAIAIAEL] v

1o 1o
=
2
oX,
olr

g Hr} E)Fo), 2HAel Wz AME 4 gl b
25 AL 0= FEMA P695 (2008)°4:= 24001 A&
719 A7) tfslo] AFEL 10%HTF W By ghE-S U
s 7o ® Ak ek T3 5-3o35H] (Collapse
Margin Ratio, CMR) 2} HIEFE (5 value)E F7H?1 Uz
& 71EoE ARk Qltk o714, EHolfiHlE 2400 A
5719 AHER 7K ] EEe] ARE s &
e} 7Rl F7igke] nE PO, welghke 2%
SofM o] BEAGE Yehlls AEE Fog 4= Sk

B Aol 94 uiglelld SaE BlRTt 246
Agulold el se] nRAd 2AAS] A EE 58t
= 2 ARElaL 9= FEMA 356 (2000)3) B 538}

=]

of A vh$ AoleHe HolF A Tk o] Aol7h Ff
Az A% WA VAL 9% FREANe
ofst USRI B Blel ZAksLA Bk ofee,
2 QAo AL B8 247 A%E] Al Asol] g

—

) =ielellA e wEd 2AHA AF dlolEE &
A3l FEMA 356914 AAstaL 9l AWdEs 1
astel Agddolelete] AT e

(3) FF2Al Aol A doly e w9 EE =4
Z 155 A

(4) 3EE Az A5E0] A4 2 Y

(5) & A% 550 A AL ma" 484
ok 218t v]d8 %2184 (Nonlinear Static Analyses)
/\3@
2

(6) 40749] Far-Field 4130 HO]E|S o] g8 SH-EA A
(Incremental Dynamic Analyses) <33

O ESERE RO EER ERURTER

s Feoly ik

™ H
oX

71E AT 2 dFzAtelAs A3 uolE 9} FEMA 3569
AHFE 2polE dotry] 9 = - gfoll e njk

B ATE Skl AR AeAlel ARE] Sl HEA
Az AFE dgt dzits Al A3z i
AZFEL 28974 (58 90704, chAItIFEl 165704,
HAGAI 37l E &5l whet U sel 93
= S, v, HES AR
Fig. 1(a)2] ZAME TN HZo], S5 B578 159]
oF 58%, 25> ©F 39%E A 97% HE=E AL 9l
o, thAltf FEl} IR 250] 712 52.1, 58.8%

'TLI

N

SEPXENTeR MBS =28 A17H M35 (2013. 5) 29



B Detached House & Multiplex Housing @ Neighbourhood Living Facility

100

52.1%

80

60

40

The Number

20 A

0 ,
2 Story 3 Story
Number of Stories

(@) Number of Stories

W Detached House SMultiplex Housing @ Neighbourhood Living Facility

100

80

60

40

The Number

20 -
1.1% 0.6%

0 -

0.10~0.15 0.15~0.20

0.05~0.10
‘WallRatio of X Axis(m?/m?)

(c) Wall Ratio of X Axis

The Number

The Number

B Detached House S Multiplex Housing @ Neighbourhood Living Facility
120

60.0%

100 \\
80 \
60 27.5% 54.4% §
P \
20 \ , 1L 5/
%‘ D § D L1% | / 0.6%58%

0 -

Above the 160

50 ~ 100 100 ~ 160
Floor Area(m?)

(b) Floor Area

0~50

W Detached House SMultiplex Housing @ Neighbourhood Living Facility
150

81.8%

120

90

60

30

1.1%

0 - T T T
0.05~0.10 0.10~0.15 0.15~020 020~025 025~03
‘WallRatio of Y Axis(m?/m?)

(d) Wall Ratio of Y Axis

0~0.05

Fig. 1 Results of Site Investigation

OO 24 % AFEo] 3% oakel Zow Jehith

Fig l(b)ﬂ npeA Ao ojgk AL Aier] BiRo

8l chAtFE, SRAEAE BE 100m” o8] W

x%o] EHH 0O AA|Ehar 9lon, Hg nehd e 77} 578,
67.9, 71.7m* 2 UFERiTh

e X (Fig. 1) YU (Fig. 1(d)9] B+

BA e
HEL 77 0.057, 0.068= LFEFCH, 0.05~0.108] HE
o] 717} 68.9, 85.5%% 71 ¥/ vekdeh ohAriFEe
7} ek ot BlEo] 22} 0.053, 0.065% YEROH, X
HEEY] 739 0~0.058} 0.05~0.102] HEo] H|SEH) urE}
L YRl A9-o= 0.05~0.10014 81.8%% 7 2 &

= yepith 238 A e A9 xa) yiakel Jﬂ?r 1
B2 7171 0.039, 0.0562 RO, XEEe] A9 0~0.05
o] 70.6%, YHES 0.05~0.100] 64.7%= LFERT]

2.2 ZMHR| AH(0|E

Xq A2 AR} FEMA 3569014 98k 9= A
= Alo]9] Ajolel FE AFES AAE] Y8 T - 9
Oﬂfﬂ A HEA 2w AFEolels 7]8lo] Table 1

=8 M1738 HM35(2013. 5)

SRR SRR 2| Tt

o gelalsivh 3 AHlolel= feuteld AfEaL
e 2z A0 8 Anel EAEE) AU
REEREE AMElo] Al vl 22 8A) Agldo]glo]
t} AdrolEl= F 287l0)H, 12 43 Ado)E= 3
A (T1i~13)°le}. AFdolE= 755 g3t dlole 7}

67lo1™, A= 0.5B~2.0B7HA Tiekslich mslk &)
(h/1)% 0.5~2.330]aL ZEFUHAE (f,,)E 6.1~22.0MPa

2 st

2.3 FEMA 356

N 5o Wag a0l u] W7} ZAEA ) 4714 )=o)
EH\_. 1_1_70 ] : %

Crushing)= FAJ3]= FF/ste] <
0.75<O.751}te + PCE/An)
Vrbjs = 1.5 An (1)



Table 1 Experimental Data of the Unreinforced Masonry Wall

No. n/l A, [em?] t I [MPa] far [MPa] Opening Vies» KNI
TO1 2.33 4800 2.0B 6.1 0.241 - 56.7
T02 2.33 4800 2.0B 6.1 0.339 - 70.0
A TO3 0.50 12000 1.0B 6.1 0.289 - 304.9
TO4 0.50 12000 1.0B 6.1 0.451 - 406.0
TO5 1.00 5130 1.0B 6.3 0.09 - 85.80
TO6 1.00 5130 1.0B 6.3 0.25 - 133.80
TO7 1.00 2430 0.5B 6.3 0.25 - 105.80
B TO8 2.25 2280 1.0B 6.3 0.25 36.60
TO9 1.50 3420 1.0B 6.3 0.25 70.8
T10 0.75 6840 1.0B 6.3 0.25 - 199.7
T11 2.00 2395 1.0B 11.1 0.301 - 27.2
C T12 2.00 1790 1.0B 11.1 0.301 O 24.5
T13 2.00 1240 1.0B 11.1 0.301 O 13.1
T14 1.00 5130 1.0B 8.8 0.25 - 100.6
T15 1.50 7790 1.0B 8.8 0.25 - 180.0
T16 2.00 10260 1.0B 8.8 0.25 - 273.8
D T17 1.00 2261 1.0B 8.8 0.25 O 60.2
T18 1.00 3211 1.0B 8.8 0.25 D) 44.7
T19 2.00 4541 1.0B 8.8 0.25 D) 181.0
T20 2.00 5491 1.0B 8.8 0.25 O 168.0
T21 0.67 4800 2.0B 9.3 0.26 - 138.5
E T22 1.00 4800 2.0B 9.3 0.26 - 90.4
T23 1.33 4800 2.0B 9.3 0.26 - 64.7
T24 0.50 7854 1.5B 22 0.525 - 429.6
: T25 0.67 6006 1.5B 22 0.350 - 203.0
T26 0.60 7897 1.5B 22 1.050 - 693.9
G T27 0.60 7897 1.5B 22 0.385 - 324.7
T28 0.60 7897 1.5B 22 0.595 - 364.8
A @ Experimental Study on Seismic Resistance of A Unreinforced Cement Brick Building (Chang, 2002)
B : Shear Capacity of Unreinforced Masonry Wall (Lee et al., 2005)
C : An Experimental Study on the Improvement of Seismic Resistant Capacity for the Unreinforced Masonry Building (Lee, 2005)
D : Development of Seismic Performance Evaluation of Buildings with Brittle Failure Models and Triple—Lateral—Force—Resisting Systems (Korea Infrastructure
Safety Corporation, 2008)
E @ Rocking Capacity of Unreinforced Masonry Walls (Kang et al., 2010)
F @ Strength and Behavior of Unreinforced Masonry Elements (Abrams, 1992)

G : Repair and Retrofit of Unreinforced Masonry Structures (Manzouri et

al.
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Table 2 Hysteresis Curve Using FEMA 356

Table 4 Reduction Factor of Material Strength

Subdivide Cogsferizive Shear Strength

above the 30 years 0.5 0.7
Time 20 ~ 30 years 0.6 0.8
Value 10 ~ 20 vears 0.8 0.9

below the 10 years 1.0 1.0

Table 5 Parameters of Recorded Ground Motions for the
Far—Field Record Set

Member Failure Mode Shear Strength Stiffness
Member 01 Rocking 18.02 kN 13.73 kN/mm
Member 02 Rocking 111.76 kN 75.92 kN/mm
Member 03 Rocking 8.72 kN 13.73 kN/mm
Member 04 Rocking 55.78 kN 75.92 kN/mm

Table 3 Masonry Properties

Bed Joint Shear
Strength (v,,)

Masonry Diagonal

Tension Strength (1) Prisms Strength (f,,)

1.73 MPa 11.92 MPa 10.04 MPa
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D Earthquake Recorded Motions

No. Name Year M PGA PGV
1 Northridge 1994 6.7 052 g 63 cm/s
2 Northridge 1994 6.7 048 g 45 cm/s
3 Duzce, Turkey 1999 7.1 0.82 ¢ 62 cm/s
4 Hector 1999 7.1 034 g 42 cm/s
5 Imperial Valley 1979 6.5 035¢g 33 cm/s
6 Imperial Valley 1980 6.5 0.38 ¢ 42 cm/s
7 Kobe, Japan 1995 6.9 051 ¢ 37 cm/s
8 Kobe, Japan 1996 6.9 024 g 38 cm/s
9 Kocaeli, Turkey 1999 75 0.36 g 59 cm/s
10 Kocaeli, Turkey 1999 75 022 g 40 cm/s
11 Landers 1992 7.3 024 g 52 cm/s
12 Landers 1992 7.3 042 g 42 cm/s
13 Loma Prieta 1989 6.9 053 g 35 cm/s
14 Loma Prieta 1989 6.9 0.56 g 45 cm/s
15 Superstition Hills 1987 6.5 0.36 g 46 cm/s
16 Superstition Hills 1987 6.5 045 g 36 cm/s
17 Cape Mendocino 1992 7.0 055 ¢ 44 cm/s
18 Chi—Chi, Taiwan 1999 7.6 044 g 115 cm/s
19 San Fernando 1971 6.6 021 g 19 cm/s
20 Friuli, Italy 1976 6.5 0.35¢g 31 cm/s
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Table 6 Overstrength Factor (£2) and Building Ductility Capacity
)

Overstrength Factor Building Ductility Capacity
() (ny)
Experimental Data 1.70 5.20
FEMA356 2.13 4.02
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Table 7 Collapse Margin Ratio (CMR)

Hysteresis Used in The| below the | 10~20 20~30 | above the 30
Analytical Model 10 years years years years
Experimental Data 0.98 0.87 0.84 0.67

FEMA 356 0.76 0.67 0.64 0.53

Table 8 Collapse Probability and Beta value at S,,,

Hysteresis Used in The | below the | 10~20 20~30 | above the
Analytical Model 10 years years years 30 years
Collapse
Experimental Probability 54% 61% 73% 88%
Data
Ié] 0.349 0.361 0.358 0.328
Collapse -
F?/éA Probability 87% 95% 98% 99%
5
3 0.210 0.223 0.227 0.246
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