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SEISMIC PERFORMANCE EVALUATION OF RC BUILDINGS CONSIDERING THE IN-PLANE AND
OUT-OF-PLANE PERFORMANCE OF UNREINFORCED MASONRY WALLS

— Through application to an urban residential building in Nepal —
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Yasushi SANADA and Sujan PRADHAN

An evaluation procedure of the seismic performance of overseas RC buildings with unreinforced masonry walls is proposed and applied to an urban

residential building in Nepal. The structural performance of unreinforced masonry walls in the out-of-plane as well as in-plane directions is considered in the

proposal. Consequently, the seismic performance of the building of interest was reliably evaluated considering the in-plane effects of brick walls; namely, it was

confirmed that the brick walls did not collapse in the out-of-plane direction under the analytical conditions adopted in the present study.

Keywords : Brick masonry infill, Equivalent linearization method, Nonstructural wall, Reinforced concrete moment-resisting frame, Static pushover analysis
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1.1 EOESLE/M

FEE I 2 R E T e b 2 ERAAHERENRE S
Tk Y D2, MRS E I LR Al RE 2Rt ORI ITIRE R 2.
—7, BATIL 1995 FMtd - I RBEBROBEHN %R T, BEFEED
MW DN RIS K L, 2011 A FACHDT KF#E
HIFERC 2016 FREAHEE 22 & OITEDKHMEICE L T, %@ﬁw
DRI TND Y9 F72bh, bAEOMEREICXTHE
TRARER &R R R ER EE O S % OHUER S mmﬁé_&i,é
SEOEBENR T LB AEROLORRLT, BHEEEOEEL
WEBSZENATENERE LOEZICLEI O LEXLNS.

IO LIeBRNG, ARE—FH LTI ECTT U7 ERERE LE
OFH 7Y — b (RC) B Ot EMERE 2 37T 2 B980T
LC& 7. HARDMEDSWEE YiZEE O RC B Om BT
B L72H ] 90820, FOBAICELTEATIEANSR
ROIEHEIE OBEBE OB D 03 3EE U CRREE L o 7. FEREE
FREIEEE I THESN O RC B CHMECRIEEEL LTEZHIN DN
B R & WEESC & ICENFMOE ORI, SREICRR LT,
RC HERZEREOHEERICHE TS ENTCLVERsh &
O EEF L ZOMEOMEGEEEN T STz RC HREHE 2 51
FEBRCMEAT A iR U C B ERE & R, PR 25 & 1T - C& e O
9. Fe, MEEREBEORE NIRRT L CAT RC 284 L oM AER %
ZR L CIEMRE & Tl T E ST TS L HIREL 1, BYoO
EfE 72 M RMERE ORI 1L Z O OBED B ENRRAIR TH D Z & &
RLTEEM L, BEmo L o ST R m o 7

OB T HIBFUERENMEW 728, mAMEEOREOFEE EE
THLERDH DN, ZOBREEE L TERYOMEIEREZ — I
i LD FECOWTHEFHRIC b EBRIC LT L a2
BEFELN TV,

U EOEROT, RO BRIL, #ShE <I2HESR EEO RC
FERAERE x5 & LT, & ASHHRERE D m MRS O F B4 HE L,
BENECRNT L E2FMFIC, ZOmNEREL BE L TR OME
HREZ M T 2 — 2D FEEFRETHZ L THDH. £z, ZokHik
% 3= L OHRE) 7 RC EEIC @ﬁ% Ltﬁﬁh%ﬁ]% LT, FE
OB 72 L HRENEY OTHEMREIC 5 X D0 BE 5T LT R
WZOWTi#H L 5.

1.2 RET HEHEFEEOES

BHAIC, AW CHRET 2 MBEEREORN S L O mIMER % B E
LU CIHEMREZ T 2 FIEOEE 2 £ L0 5. ERITEHOR M E
EEREXICLORT.

R 1) MRV RGO B T IEA SR IERE T MR DICHET S
FEte L, EpomEzetiEs 3.1 @il kil #5%(H&ﬁ”m
MRS R O FEEH BB I Z 0 2R I L W EETH. T4b b,
maiﬁﬁﬁwi&kbf,#%ﬁi%\Mﬁ&m#mmﬁﬁfﬁ
2T MVERIRAT 2 EMHEMHITICES ZEEMET L. i
BRER EEEZ SR OEBRF TOREESLSIBIEICHRS 5
72 THY, HEBISEMITOFAIIEE L. Liendo7T, HifF
THREAEIEEREREEHETHY, ThIcE 3o, TH 5.
B 2) MRGEEEOmEANMERE L S B LT RC R OMENREZ
FHIiT 2 Z LICEIRAELS . 2720, mibo X 5 ISR GRS HE

TORBRORSERSEB TR TERE % - W (12%)
B ORBOREER SR LA TERE REbEk
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FICHEAMRBORNA D S 7, mH G (B OmEMRERE D
G M E A ST ) OHIE AN L CEAMSE OF A HE L,
WRERE RN E 2G5, ZOENMEREEZEET 5. ER DIC
LT & ICHEBIS BT I W e W s, MBS A F18 & 5 BEL
(2B 2 MFEEE DR 2 Ml T 2 BKIL e <, BESh2HFA
RIS AT b vizst U CHRBIR A DO FREME O B 2 HE$ 5.

EREEYMEETIVIESE
2.1 BEHOBE"®
X U OICATREORETERF & L TRV BT SEY OBE L BN
T 5. T2 IR RO LB A SR I DO W TR L TR
A, KV EEMRERIT SR 92 SRSz, BT RS LR

B b AOHHEHMICEHET 550 b 22 & THllE 5 T

T 1EEHFTDRCETETHD. RED 2015 4FEF/S—)L - LT
HIFE D SEFE DICKE U TER O A0 A 72 (Tl oS
FEEREZEM L2 DO TH AP, SREZPTH Y FMEIIZ T
TWhAhotz, op, BHithoe 7 ) o7& 0 Z 0BT S 3 B
BTE LTSN, EBRIIL S BERECICHEINTZZ &2
FENTWAD. Fig.l, Photol ® X 5 (ZHIATIT M DIMEE % i FEHE
BOUVUHTBERANONT WS, 72, L2 TEETEY R HE Tl
BRI A EA, ALl E TIEmE ST Z v BT S (Photol,
Tablel), F7=, VU TREFHANEREIFMIZANLN, bbb
—HREARBEA ST\, £, Bk ORI TN o
L TBEI/ N D S BETE AR Lk 2 RIHE AR THROK 3% R THh D
T OER LB L LCET L L, ZRIFMOBEOR O IR/
S0%RTH D Z L, ZORMEL L WEEOMMAEICHR S L5 ke
(e < BHEBH~OFEIT N SN E B BNZd DL HEER K
AR L7, Fig2 12tk GR5 13 Fig.l O FmX A= 2 R), ZomX

EoRT. IO OMEIIEYE S B THD. AT TESIT
160mm TH 5. 2227 Y — hOMEREIFHEMTER LY NT

Fov=—3 BRI Y 39.8N/mm?, SAbF ORERIREE I XER] M D TR
THARICHA SIS 415N/mm? & HERI S, Lo HBEDREHEE
PEITHER A REETH - 72728, HHOBM, BT, BACk v EH
ST Y R LRBUR O EEERIC LV FFM L, Tablel (2”9, E
RO B TIXME RIS
FENHE RV IATR ORGSR & e U T3 2.
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Fig. 1 Floor plan and elevations (unit: mm)

—1214—

(a) North view (b) Southeast view

Photo 1 Overview of the investigated building
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(c) Beams in the longitudinal dir. (d) Beams in the transverse dir.

Fig. 2 Column and beam cross sections (unit: mm)

Table 1 Mechanical/physical properties of brick masonry prisms

Elastic Compressive Weight density,
Type modulus, strength, KN/m?
N/mm? N/mm?
Onessided |y 35109 2.5 17.7
finishing
Doublessided | = 5. 14 3.2 18.0
finishing

L DB OIRBFEDTHE S TH Y

2.2 ENORESIHMDOET VLA ZE

AWFFEDEEIE, RC &M OIHEMERE

REEHLN

ZELODN,

BT b5 A =

Fig3 27,

IZIEREE L TRER . 2 2
ITHIETHDHID, BEMTETLELTLUY
BEDZBEDOEIMELIERE Lz,

FETIE, BYOETT ALTE

L U HBEIZB 0 2 T MBI DWW TEREINIC R T
W ET VLT 258t e L, BEER %
| BERAIEDR T2 ¥R E L.
CHBER B LRIKEROLEZE L
(RC : 25kN/m’, L > 77 BE : Tablel O¥cfE) % U TR~

EyEEICITL
A TR O  RTE IS E

HEEOD

TR RAEROREZ BT 2B TH 5. FREREEANITM
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U — b Z g & O IrE s
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R % Fig2 ERNMBICERBIR L. MS NF D a7 U — kg
fhOMEHERBI A Figd R T. ROT ASROBHITOOE A
ERREZEE T2 Wi CEI Uiz, SRR e R I D
W, ITFOUERTE—A Y MIar 2 U — FoiFBIERE (=
0.56\/a5, 05 : 227 U — b OJEMEIRE) [CWERE AR EC, #S
FefR (&) T— A > N My, i3 Eq.(1), FROR BRI oo BRI 12
AT HRIL EQRIC RV ZRENFEMm L7 9. BR& ORI
SRR D 0.001 & L7z,

My, = 09a,0,d 1)

a, = (0.043 + 1.64np, + 0.043 a/d + 0.337,)(d/D)? )
T IT, BT 1) ESRB N0, B, BORAMA S
oOfHIF24<a/d<44THD.

Multispring :

shear spring \
(for column) ‘

Line
|
Elastic clement |

De: depth of column, Dy: depth of beam
Fig. 3 Modeling of the moment-resisting frame

Stress Stress

Je

0.3f
E(’

» Strain
£,=0.002
0.1£

0.001E;
(a) Concrete model (b) Steel model
Fig. 4 Material models for concrete and steel

2.3 FBEMBEERLEETIESE

Tk X YIS, RFETIIL L TELZEETLHBELER LAY
BADMITETNVERE L., Vo TEZEEB LW E% CaseB
(Bare frame), #&[E 9 53E& % Casel (Infilled frame) EFr4 2 & &
T5. VUFTBEOERIVTIOBAELHMAERELE LTEALL.
E, BEOBITET VICONT, 2.1 B CBERD XL 51T, #FFERTS:
BI L T RFHFANERE I FEIZAWVLND — AP S
TR, Ly TEFFRBERESFEICAW bR S BB S
CHRICER LTSI EEEEL, TR AN LT Case -half 28
W2 3WY OFETNVERE L.

LU TBEDENF A DET MEIE, AROE—FEHEOPRELE
FEWERA L., IR O BRI - TR EEE O

FoxtAfR (EMER) RIZECDZA M7y MEBEEL, @m0
RLOBM B 2 HIETH L. RKET VOGN % Fig5 R L,
FENT EETARERALTICE L DD, L0 EERNATTE 1002
SRENTZ V. OO MEEIEEZ R OBRMICERT S FEIT
Holmes', Smith and Carter'©|Z K % €7 /L 7g Ekkx BB H 58,
P L7 7 VISHAREIEE & Bt O AR 2 BAR A ISR 9 2
LT, ATy bOWERe, HOEIERRE EREMICFHMETE 5 A
MR D 5. Figs5 lORT & 21, B0 iFER &G
DY AWER & BE L T2 6 OBEAEE ShJCESWCGHE S LS.
Flz, BEEFANT v FIOEA~OERZEGNEZE L, HICHBE
BE L OBEMIRICB W CTERT 230 F U 7o 7 R AMKREE %
B 5 2 & THOEABBEROEE RN ENTEY . 2.5 il
THR T 5.

Q,(y): shear force
at a height of y

Shear force
diagram

Fig. 5 Outline of the masonry infill model

Fig.5s DTV TIL, RO ORW L3RECIEZNEN Eq.3)&
EQ@ICK D EESN TS, - T, RldEM T 72b bEREED
HAWTREQ Y Eq(OHIZ XV Foi, TAMIREIZET 2 RFOKIF
EARD BQOIZ LV ERINTRY, ®EIBEELEDL VD
DDA v T A NVBEOTIEIERE S Bilinear B4 2R ORRRER &
LTHWHILTWD.

W = 2hscos0 3)
Cs = Wtfp (C)]
Q; = Wtf,,cosf (5)
R; = (gls/cosB) /h (6)

TZIT, 0 MRENEREO S ABROKFEME, ¢ MFEEBEORES, f,
FAREEEE OEAETRLE, & @ MREHSEEOEMREREROTAE, | &0
MMORES, h: MEEEORSTHD.

F72, EFROXIIC Figs TEA T v b BHE~OEBERE
ERL, HIHERAT2EAMNQ0.(0)M Eq(7) (R TIEANT v &
& OEMIEE ShNOLER SyIlB I 2BERO L2 BT D) I
KV EBRMICEHME SN TV 5. B, 1 v 7 4 VERIEOMEMRES
Bilinear BE#13 2 B OMBRETERFORE L, ZHEOTER SITRBIT 2
Lo TREDIRE (Bq.(5) LHEDRAMNA (Eq(7) Ofnd LT
ENTHY, BEAEDOERE ORGRESVFESN TS 01D,

Qc(y) =Cpy — ch (7)
cp = tfcos?0 (7a)
Qce = cxh3/(3h*) — ch/h + cyhs + 2M, /R (7b)

ZZIT, gyt ART Y PO HENMRESNIBEMR ST OKFET)

(Fig.5), Q. :y=0lZBIT 2 (Figs) tEowAWS, M, :y=0C
BiF5 (Figs) HoBTKBEE—2A L FThbH. B, Eq(DiL25
HOEDOZRRREROFMIZAVSND. HEbSRIN .
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£72, AREO VLV HBERZET 5 Casel, Casel-half TIX, B
W& D IRALIE OISEIERE &, EAMBEIHRHLC & 2 B E DR
FRICESE LU HEOEBOFREZFMT 5. BHILTEEF LI REE
U 7 AR I BE o0 SRR | et 3 2 BRBUPERE. (ROIREE) o FFilivE
M & o THE LTz, ZOFECIIEREERE O m /MR E R o oo
HHPEA g3 Fig.6 \Z/R 3 BEMIE 7E —BEFH v — 5 — ($nE 7 1) KHFFO
HAELET VORE FIZLATO Eq.8) & Vs hs. FRTmst
HHEREICEOR S FMOBEMEIS HTVITENT 2 — koM E
Weap (Eq(82)) &, ZDBEMOBFAIM, L O#IY &\ (Eq.(8b))
NHEMNN, ME Fig7 OHENICE DA E L CRROE Y M
INTEY, LML 1ZSBEINZV. 28, FCHETE
Eq8)DFFliAE RN ER L v TEBEDRENH EBRAER L RIFICEAS L
TwmERD 5.

Acap = 8M,./(hm) (8)
Wcap = mAcap/h (83-)
M, = Weaph?/8 = Nd = N(¢/2 — x,/3) (8b)

I, m Vo ABEOERE, N L HEOER (Fig7 OC L %),
X TEMERBOSEMGIREICET D L X OPHRS TH D.

s )

©

Weap hZ t : specimen thickness

C : compressive resistance

N : specimen weight

- xn : neutral axis length
AN WL d : distance between C and N

Fig. 6 Idearized model'” Fig. 7 Moment resistance model'
2.4 BEYOEEIRE DRI

Case B & Case | OBMEIRENFE L 2.1 fi TR LIBLHERER D&
H#T 5. Table2 T—REFFEMALET S L, BRIEERITL A
BENZWHHT A ORI L0 E <, £io, KT mOMNTRERIX
VU TBERER LT Case | BV BLAIRE R & L0 HEA L7 (Case I &
HIFE R ORRZEIL EQOIC K DA v 7 4 VEREOMHENERED Bilinear
BEIGERT 5 LEZ2 6N 5). —JF, BEFMOMN Tl 218 T
AR X 5 IS DEBE A RE WL TBEZ BB+ 5 & Lz
&, HIEJE M A RREA (BB EHAI TR S BUNETE R O I A 3]
FEME) L7228, AR TR O B OHEINE ~DOBEIT/N SV LRI
L7z ™. F7-, Fig.8 T Casel D—REA T — N EBUHHEF & kg4
% &, %Ik OfENT CIEMEREREM O Ext R & T A BMKTIT FMICE
WT, LU ABERIEE L RB ALY b RS ERT 2 L&
B TED.

Table 2 Comparison of the elastic natural periods

Measured period, Analytical period, s

Direction
S Case B Case |
Longitudinal dir. 0.11to 0.13 0.53 0.20
Transverse dir. 0.33t0 0.34 0.63 0.63
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—l— From analysis ; —@®—From measurement

R.T R.T

5F 5F
x 4F 5 4F
S 3
= 3F T 3F{-

2F 2Fq

IF IF ‘ ‘

o 1 2 o 1 2

Participation vector Participation vector

component component

(a) Longitudinal direction (b) Transverse direction

Fig. 8 Comparison of the primaly mode shapes

2.5 EMOREBAEHOESR

ERD 3@ OFHTET NV ERIT, LR ClTEY 0% 2Rk
Dt FEVERE & RS MR MEREFF M fa &F DICHE C CRFli 2. 207,
B OLRERRER &, EBEREREME T Ch HEOERMREIC
ESVWTEZLEZ. BAETIEIOThORN(YO TRERRERIC
ETDEEERYOREMIREL RE Lz, UTICHEORZ2RR
B OFM G EE E LD DM, O 2.2 8, 23 HiodEmelk
OIFFTET L EIML LTV D EERETS.

e (Lo ABERTN DT RIS BEE LA WIRNIAE) O R 2 RAERIT
FABBEROLER L L CER LK. Figd lomd koL, Hodhy
MEREZ R TR &, FEOBIEEIIS U RT3 28 A Bk
O EMEAFAM Lz, 72720, o ERiRIT EQOic ks
P& RBREEICHE SV T Figd O XD ICIEE L, B AMB®EET
EqIOIC L WFFMi L7z 2. £72, BEZEFAICLL2WRAER O LR
i (=1/75rad) %FEE L7z 2.

Qcu = 2Mcy /ho )

My, = 0.5a,0,9,D + 0.5N.D(1 — N./bDF,) (%9a)
ZIZT, hy : HEOZUTEETHY, N, : HOEHERS, Eq.(92)D
HO#FKREE— 2 v NEEXROMFEEISR 1) 2SSz,

V.. = bjepwowycotd + b(D/2)(1 — Blvogtand (10)
2.0 for R, =0
cot¢ =42.0—50R, for 0<R,<0.02 (10a)
1.0 for R, =0.02
vy = 0.7 — 05/200 for R, =0
V= { (1.0-15R,)v,  for 0 <R, <0.05 (10b)
vy /4 for R, = 0.05

Shear force
rF s

Shear capacity

v [_(Ea. (10))

Isolated column/
Column beside infill

Flexural strength
(Eq. (9)/(11))

QCIJ'{’ an

1 (Column deformability)

-

K,.a,(Eq. (2))/R{(Eq. (6)) Drift ratio
K,: Elastic stiffness

Fig. 9 Evaluation of column deformation capacity



Z 22, b WriEE, j, : SIE—EfE R RERE, p, o S ABTRISERTG
o, oyt CABTHTRRE ORRRIRE, ¢ b7 2O 7 U — |
JERER OB DA E, D WrEE, f 7 —F I EA
THa ) — NEDREEZRITHRE, v 27 ) — FOFRERE
BRI, op: 227 U — FOEMERE, 0: 7T —FEEoO=
U — NEMROMH I T D A, R, i OWIEE, v, R, =
0DEXDVTHD.

—%, Lo TRENTE NS MIZEET 5T, Figs OET /L 102
ESNWTL U TR SN DRIDEMA b7 v M b BEES
navFrr7er (Figs, Eq() &V, ATy MEBEEINDIE
Hi D 112 DRFR S AP EERICEEER T 5 AN TH D) %
LB L CRERALER 25 L=, BEEICIT Fig9 oo/ E
BB O BIRE I A % Eq(6)IC L DRy, BREAW /% Eq(IDIC X

5Qu & EF L TFHE L, Eq.(10)IC & D AMIRE & DR m &R 7.

QcoVE Fig 5 | R T HEFREEE & BEfil 3 2 AL O ¥ &> & A8 E MR IR O
B Shy (R TIIHEEW ERE) IHERT 2 FEAMNTHS.
RSSO R ERAERIIMIAEL 0 b/ S <GB SN 5.
728, Fig.s OFT N Tix L v ABEIZHHET 2 RO A BiKEIT S E
Y ONGAY/NAN

Qca = cnhs/2 = Qe (11)

3. MTEEROENMEREZEZRET BV EEATE
3.1 MERLMREDEFIE

ARG S 212 %E U T Case B & Case I, Case [-half &
DNTLEEMRRVEREZ 3P L CHET 5. Fig 10 ICFFli 7 = — %48
I 5. Step 1 TIEATED X 5 I2ET /UK L 7= =R IE444E D Pushover
FENT 24T 5 . H4 715540 & e — K& — REFIE & RE L 7= Pushover
TG R E SV T, Step2 T Eq.(12) & Eq.(13)20 X 0 &t — H HE
FD (Se- SPFREFML, ZhELE2MAERE COUMKEBEN
Sl & e D AIEMERIGR (LARE, MEREmRARE L FRT) ICEIRT D,
B o EREHI#R A Step 3 CERMMAR L HER T 5. BRI
TR T % X 912 Indian Standards (IS) WS EFE L. Kk
I~ Step 4 THEREMR EDOZERFERIZ IV TEREHE & 2227 D
SRR TIBAIS, ERETRICE U S ERe, (MBS S
DO RFMEE) O FLEEE T S FFR) 2FEL T, a2 BY
DOREBFRMREOIE L T 5. 7ok, BEBREMIHYL T 584
Ry (SHESPEREEHA) 15U T EQUIC L HFVEF U CER
B A RS 5.

.= (1.0} 00 03 v/ (L 0) D)D) "

Sa = ({0 (.6)/({ 6 MIw) = 1/ ,8 (13)

F, = 1.5/(1+ 10h) = 1.5/[1 + 10{0.25(1 — 1/v) + 0.05}]  (14)
T2, {18} B S HRMOLEM ST by, M EREY MY 7 A,
Vg : X—=AV7, f:—KE— Nz <H 5.

ek, MMIEREAH T 5 RCHRAMEICKT 5 Eq(14) 0 AT
HALNTRY. LL, DBOMELR2MREO MR Trlib £
WZRAIL LV VEEZEE L 72\ Case B ICOAEA INT- B2
T5.

Step 1 Pushover analysis of the 3D building model

v

Evaluating the capacity curve by Egs. (12) and (13)
and replacing with an equivalent bilinear

v

Setting the demand curve and comparing with the
capacity curve (equivalent bilinear)

v

Identifying ¢, for the demand curve identical to
the safety limit on the performance curve

Fig.10 Seismic performance evaluation flow for Cases B, | and I-
half

Step 2

Step 3

Step 4

3.2 EREBOBKE

Fig.10 0 Step3 THAGE T 2 ZR I X400t RIEM M FTTET 5 7
b= v XOMEREHHAOMBEEISE AT MZE SN TRE L.
TDARY ML ISP L o THEREM DO HE S M (Type 1110 Soft
soil) ZFBET 5L EqQI5)D LI ICHEIN TS, Eq(l6)THi%
ARy NI EES L FEHE R AW R KA, O TH D .
Fig.11 TIZZ D 227 b LT EESWTS,-S, Zskihi (2 21z, FX
fedhix Eq(16)2 BB L CSICZ/2%2F Uil R L, Syldelz
PREART bV E LTI LT2) ZRRTDEEBIT, BELEL
T 2015 R/ 8—)b - ILHHBIZEELTH b~ o XTREI ST
FER D WONGEEIEE AT RV & T 5.

1+ 15T for T <0.10

S,/g=4 250 for 010 <T <0.67 (15)
1.67/T for T =0.67

A, = ZI1S,/(2Rg) (16)

2T, g BAMEE (=9.81ny/s?), T : YO HME—KEHEH
(), Z : HUlRE TR = id 0367, T HEEMRE R CIE
1.0 &{RE), R: EIRBARE (A TIX Eq(14) X VG 5729,
L0 &GE) THD.

5
0.87
— | ~—90 deg Component (EW)
4 h=5% —360 deg Component (NS)
\ 0.6} —|8 1893-2002 : Zone - V - DBE
a3 -~
= 8. |
g ~04}
2 @
v 5
1 & [
0 % N = @4 -8 8
0.0 0.1 0.2 0.3 Time Period (sec)
Sy (m)
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Fig.11 Adopted demand spectra
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LEVERE OB % Fig.12 12, FMERSE % Table3 ICE &0 5.

Table3 @ Drift capacity i Fig.12 ¢ Step2 (27~ L 7=PERE## o024
RREFTHY, a, FROMEY MHELEMELRTHEECTHS.

Fig.12 @ Stepl £ Y Case Bix 1, 2 BOBEER N K&, Casel,
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VI =T EEDHEREBIIBEOHMBERFIIB D TEARES
TS 2, Step2 L0 L HEEOE PNIEREZ Z & L 72 Casel, Case
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MNEW Case IO N L VBEETHD Z L8NG, FERMIC Case |

Dagl¥ Case B % 25%F2 % LA D
ThoT-.

, Case I-half Da T Case B & [F4

Table 3 Comparison of the seismic performance from three models

Model Drift capacity () Fp o

Case B 0.080 m (2.62) 0.61 1.68

Case I 0.012 m (1.00) 1.00 2.12
Case I-half 0.015 m (1.00) 1.00 1.66

Amplified spectrum;
Performance curve;

Elastic spectrum;
Demand curve;
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Case I-half |7
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(c) Case I-half

Fig. 12 Seismic performance evaluation results of Cases B, | and I-half

—1218—



4. HBEBROER - @IMEREEBIET 2B O AEETE
4.1 HAREREOENGEE ZHET ST EEETIEORE
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B L7213 Table3 @ Casel (Lo HBEN KA R DEE 1T Case I-
half) OEMEFEDTEA D LW, 2T RTO L TBEN E MG
FHUE Case B DOMEMERENTEN S LD, £ T, ABFETIE
Fig.10 TxtG & LIcBWORATHMICER T 5 (ERE T m) H
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0 —% Fig.13 O X ICIRET 5. KRFETEY O i — H~0Hh
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Pushover analysis of the 3D building model

Step 1 in the focused direction

v

Evaluating the capacity curve by Egs. (12) and (13)

Step 2 . o
P and replacing with an equivalent bilinear

v

Setting the demand curve and comparing with the

Step 3 capacity curve (equivalent bilinear)

v

Identifying a, for the demand curve identical to
the safety limit on the performance curve

Step 4

|Apax|Z Eq.(17) & 0 & E L, Step6 T Eq.(8)IZ L HHIEB AT W &%
BT 5 (RO CIXBMHTIT M) L2 TBEDE SMit )
Apgp EHEIT 22 & C, ESMERIOFEDOHFELHET D, 225,
BT D) A [ IR S EMALIERRS I E S EHRE— FIRE %
GrelEMED OFHEE (FIES I A/ OFHliE & L RS
NTWD) [T TIMET 558t LTz,

lmaxl = J| A" + | wAl* a7
{14} = 1B{ 16} 1S4 (17a)
{24} = 2B{ u} »Sq (17b)
il = {1 + (0 = (.6}~ 6L a))s, [ (179

z iz, (ALLAV Al s RS RS EIRE— ROEMAEO
IRENGREE, op{ u) 58, ¢+ ¥ME T — R ORISR
(Fig.11(a)) T3 2 B MIHEE, S, : HBNLEE (Eq.(15) & Eq.(16)
kv@/2g <hbs.
Uy HBEOWE MR N AE L, E0X, BEOFREELRH D
Yrald Step7 Tl > U BEZ EIMIN I Acap 73| Amax| & LB D FE THiR
T 52 & HEMIT Step 4 TR SN D a, DIEEMELFER TS, 20D

Pushover analysis of the 3D building model
in the trasnsverse direction

v

Evaluating the capacity curve by Egs. (12) and (13)
and replacing with an equivalent bilinear

v

Setting the demand curve and comparing with the
capacity curve (equivalent bilinear)

v

Identifying o, for the demand curve identical to
the safety limit on the performance curve

Step 2'

Step 3'

Step 4'

v

Evaluating the floor accelerations at the safety limit
by Eq. (17) in the trasnverse direction

Step 5

No Out-of-plane collapse of masonry infill
along the focused direction?

trengthening to prevent the infi
along the focused direction
from out-of-plane collapse

Yes

A 4

End: obtaining a
eliable o, by Step 4

End: suspicious as

Fig.13 Proposal of a seismic performance evaluation flow considering biaxial seismic forces
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FER % Fig.14 \ORT. Case 1 O L FEEZ WL G EA M O HIE
AN LESMRE Lo 2 E AR S, T72bb, KiETET
NOKATIH R OTHERZ &ML LT, a, (Fig.12, Table3) O %4k
PRI ORENEG LN, —J7, Case I-half ® L2 VEEIXER
M OHBA S BHIEICKE W B, BRICIE 3~5 BB T
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—8— Floor acceleration response |4,,,.|;

Capacity Amp of one sided plaster wall;

Capacity Amp of double sided plaster wall
R.TH R.T1
5F1 5F1
§ 4F § 4F
S 3F+ S 3F
2F 2F 1
1F 1F 1
012345 012345
Acceleration (m/sz) Acceleration (m/sz)
(a) Case | (b) Case I-half

Fig. 14 Comparison of the floor acceleration responses and the
out-of-plane resistances of brick infill

Table 4 Parametric analysis results

Case B Case [ Case I-half
Number of
) Out-of-plane Out-of-plane
stories a ag A
collapse of walls collapse of walls
5 1.68 || 2.12 None 1.66 3F to 5F
6 1.61 1.70 None 1.54 4F to 6F
7 148 || 1.48 None 1.30 | 3F*, 4F and 7F
8 1.35 || 1.15 None 1.10 | 4F, 5F* and 8F

*Only walls with one-sided plaster

EYREAEBRT LT 537 A —HFEITHRO S B, Figl3 ©
Stepl, Steps3~4, Step5~6 Z#FL T Fig151Z/"R L, F7=, Stepd
LB oNT-BYHAITHFMODa, &, Step6 LV HEEEF 2 & HIE
SNz L HBER Tabled I &, Wik 5. 7k, FFE S BET
EF N ORERIT B L7 Fig.12, Fig.14, Table3 & F#ETH 5. Case
B, Casel, Case I-half O XTHOETF/MICHE LT, RUTHEEMN
KREVETINE Ea KT L7, XU HIC Case B & Casel DRfRIC
FERTLHE, 5HE, 6METET /L TIX Case | Da,7’ Case B & _E[H
ST, THEETET VTR, 8 B TET /LTI BR A His
Liz. D3\ T CaselICERT D&, WTNOEOETLE BIC
BEARZFRIDOATNCKF LT L TRENEER L2V ERALNE2RY,
ARHT o — A OFFAN T | BfEA L > HBEOESMRBIBS IR I KT 2
HHERRENTZ. FRHEIC Case -half ICFH T2 &, WTN O
DET VBT H—HO EET L HEENTH RN SMRE T 5
EHIE SN (Vo TBEOERE 2 B 1L 3 5% 21T 72 &) Fig. 13 @
Stepd LV FFl S L7za X EEMENMEW 2 L R Sz, 7R,
Fig.16 IZBIR$ 5 L 912, 29 L8 kg oMEEE O i
REREEIARROE—FHBEICFEN L iz o Bk EHE
THEXERIN TS, S5 Table3 D 5 B TET /MITRBNT
BEICEZ L7 X912, Case [-half DadiWFNOBEEOETILICE
WTh CaseB A& FlE->THY, LY VEEZRELI—T VU4 —L
R E~MET D ERHELEMREOBR CTL VG THL Z L
R LRI S LN
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(a) the 2009 Sumatra earthquake

5 F&H
ARWFFETIRIES D RC @%%?@“%&}: LT, &<

Steps 3 to 4

Steps 5to 6
Fig. 15 Parametric analysis procedures

(b) the 2003 Bam earthquake
Fig. 16 Out-of-plane failure of masonry walls on upper floors of

earthquake-damaged RC buildings
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1. Introduction

An evaluation procedure of the seismic performance of overseas RC buildings with unreinforced masonry walls is proposed (Fig. 13) and
applied to an urban residential building in Nepal. The structural performance of unreinforced masonry walls in the out-of-plane as well as in-
plane directions is considered in the proposal. Applying the proposed scheme to the building of interest, the seismic performance was

parametrically evaluated and discussed.

2. A building of interest and the analytical modeling

This study focuses on a five-story RC residential building located at the city center of Kathmandu, Nepal (Fig. 1 and Photo 1). The building
had typical exterior nonstructural infill walls made of brick in the longitudinal direction. Its three-dimensional modeling was performed using
nonlinear line elements for the columns/beams (Figs. 3 and 4) and considering without/with the brick infill walls with a thickness of brick
length for Case B/Case I, respectively. However, Case I-half was also considered assuming reduced thickness (of brick width) of the brick
walls in Case 1. The in-plane and out-of-plane performance of the brick walls was evaluated/modeled according to the authors’ previous

studies 10) (Fig. 5) and 17) (Figs. 6 and 7), respectively.

3. Seismic performance evaluation considering the in-plane performance of masonry walls

The seismic performance of Case B, Case I and Case I-half was evaluated according to the ALJ performance evaluation guidelines'? (Fig.
10). The stiffness and strength of Case I and Case I-half were much higher than those of Case B because the in-plane performance of brick
walls was considered (Fig. 12). In contrast, the column deformability of Case I and Case I-half decreased compared to that of Case B because
the in-plane analysis model considered punching shear applied to the column from the infill strut (Fig. 5). As a result, the seismic performance
of Case I was approximately 25% higher than that of Case B while that of Case I-half was almost equivalent to that of Case B (Table 3).
These results indicated that the masonry walls significantly affected the seismic performance of this kind of structure; thus, they should be

considered in the seismic performance evaluation.

4. Seismic performance evaluation considering the in-plane and out-of-plane performance of masonry walls

The seismic performance of the building of interest was also evaluated considering both the in-plane and out-of-plane performance of masonry
walls. Consequently, the brick walls in Case I did not collapse in the out-of-plane direction under the analytical conditions adopted in the
present study (Fig. 14a), which indicated that the seismic performance was reliably evaluated in Chapter 3 and that the brick walls with the
thickness of brick length were effective to prevent the out-of-plane failure. In contrast, those in Case [-half were found to collapse in the out-
of-plane direction on upper floors (Fig. 14b), indicating that the evaluation results in Chapter 3 were unreliable. Furthermore, similar findings
to the above results were also confirmed from additional analytical models with different numbers of stories of 6 to 8 representing vertical

extension conventionally found in Nepal (Table 4).

5. Conclusions
According to the proposed evaluation procedure of the seismic performance of overseas RC buildings with unreinforced masonry walls
considering their in-plane and out-of-plane performance, the seismic performance of the building of interest in Nepal was parametrically

evaluated and discussed. The major findings obtained from the above study are summarized.

(2022 4E 2 H 7 Bk 30, 2022 4E 6 H 13 HERRIHLL)

—1224—



