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Figure 2.27: Influence of URM Infill Walls in Mode Shape of RC frame Buildings - Mode shape of a
building obtained considering stiffness contribution of URM is significantly different from that
obtained without considering the same
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Compression

Single-flight stairs

i

Stairs form compression
struts (and tension ties)
under horizontal force
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A 10.20 Damage to stair sup
City. 1985 Mexico earthguake.

(Reproduced with parmission from R.B. Shep
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_~ equivalent to form
a sliding plane
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g 60 Plastic sheet or
) ) - ?\ /

......

Structural model of stairs with
sliding joints (rollers)
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Lower flight fixed at base with

landing hung to accommodate
interstorey drift

|dealized precast concrete
switch-back stair in elevation

ine of fixity —__ 1 \
Line of fixity ~ VX

,____ Tension _hanger
connection

_—— Landing

i
Lower flight —= \ | P T > Horizontal gap

: NN ERN —jl///—Column

Plan

Upper flight —~
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Y AeZt €1£ EY, mY <ZAlIYz? A 10.23 [dedlized elevations and plan showing a method of separating a switch-back
stair from the structure.
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| _ Horizontal movement of
- column furthest from CoR

7 Resistancep;
? o
% 7
,z' .
; v %
CoR 17 %
" N em = i el N
CoM 7 CoRy
,z 7
% %
é =, 7
?, _EB/Q force 7
4 e o
L1 = o Il Em.
(a) Symmetrical frame (b) Infill walls cause CoR (c) A y direction earthquake
building with CoR and to move to right creating force causes the building to
CoM co-incident an eccentricity between twist about CoR
CoM and CoR
A 10.8 Asymmetrically placed infill walls cause building torsion that damages columns
distant from the CoR.
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Table 4.1: Earthquake performance expectation of SEs and NSEs -,,dunng ditéeyent levels of
earthquake shaking as per CUURRENT and REVISED ERD Phﬂogag‘higs

>

Items | Eartlquake-Resistant Building Type Lep@l W, Eartligitik® Shaking
Design Philosophy Low MefieraR N/ Severe
SEs CURRENT Norminl No damage | Minor L‘lﬁgve No collapse
Critical and Lifeline - N -
REVISED Normal No damage m-amage No collapse
Critical and Lifeline | No damage No damage Minor damaoi e
NSEs CURRENT Nornal No damage | Some damage -
Critical and Lifeline = = =
REVISED Nornal No damage | No damage No permanent damage

Critical and Lifeline
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No damace

No damagce
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No damage

ff W

Seructural damege,
but WO collapse

MINCE structural demage

fa)

wral age,
but NO collagse

(<)

Figmre 4,1: Seramic Desigy) Philesopl for buiddings {and hence SEs), (a) CURREN Philosophy: Nermal
Buildings, (b) REVISED Philosophy: Nermal Buildings, (¢} CURRENT Fhulosophy, Cribical &
Lifeltne Buildings, and (d) REVISED Philosophy: Crifical & Lifcline Buildings
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Performance of all Buildings at 23 Hospital Sites with One or More
Yellow or Red Tagged Buildings

Number £55) of Buildings
Type of Damage Pre-1973 Post-1973
Structural Damage @ ‘\
Red tagged TR 12 (24%) 0 (0%)
Yellow tagged : 17 (33%) 1 (3%)
Green tagged 22 (43%) 30 (97%)
Nonstructural Damage
Major 31 (61%) 7 (23%)
Minor 20 (39%) 24 (77%)
Total Buildings 31 31
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o _—Moment ffame - Boam
L] ! ' (!
L = Il
| == -
Gap r III" I‘ 1‘! ..1 ; : B Matar ﬂaﬁhing
\ . B Separated A7 il
1 77 infill wall /\/
Section 2
1 * L] - -F I.‘,‘- . ':.
‘: -": _____ Tt -r- ‘n-“ GColumn — Column
i L S R - Backing rod Backing rad
| Sealant _— Sealant
1 I-_ _"! I'-_ nfill '~ 8prung metal flashing
Gap Gap S~ Infill
T 7
! ~,
- - ' : -
A 10.9 Infill wall with separation gaps & <
between infill and columns and beam. ] =
= ~ Selamic gap = 25mm T Seismic gap = 25mm
Section 1 (option 1) Section 1 (option 2)
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4+ Steel angle

Reinforced infill

-

Recess formed in
beam 200 mm
long every 2 m
along beam

20 min ==

50min 1"
Steel dowel or
flat plate cast
into wall, and
central in recess

— Reinforced infill

A 10.11 Two possible structural details
that resist out-of-plane forces yet allow
relative movement between an infill wall
and structure above.

A 10.12 A reinforced masonry infill wall separated from surrounding structure., Note the
horizontal and vertical gap (fo beam) and a galvanized steel bracket resisting out-of-
plane forces yet allowing in-plane movement, Office building, Wellingfon.

A 10.13 Partial out-of-plane collapse
of an unreinforced masonry infill wall,
Commercial building, Torufqul Indonesia,
1987 Sumatra earthguake.
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_ Separation gap
© | ‘Practicar column

Unreintorced

Cap over the and of the bars to allow

10 all Wrap bars with tape to prevent bond
beam defleation without leading the bars

" with concrete in beam

Masonry infill ~.__ . Beam

Concrete <R | Practical column
Detail &t fop of a practical column
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- D.ﬂ..rp.i{fln-: IV, (] 9 ;r.J
R.,=2.5 a,=1
A=0.3 S=1.75
L=5m H=3m
D=0.25 W,=3.75 ton
=1 ZIH=1

V= 0.4*1%0.3%(1+1.75)*3.75*1*(1+2*1)/ 2.5= 1.49 ton

Y

Vv

pu (max)

Vi (miny=0-3*0.3*(1+1.75)*1*3.75= 0.93 ton

= 1.6*0.3*(1+1.75)*1*3.75= 4.95 ton

YAE{ €] {*YA {

p=IwqgCeCgCp

g= 0;272*0.496=0.383 kN/m 2
1, =0

C,=2.5

C,=0.8

C=125 A diY Ajc [Zzf¢Y «YAWA A «Z]
dfY Alc sAA» %ZYifyZF «Z7e+Y | €]

P=0.383*1*2.5*0.8*1.25=0.96 kN/m 2 :
P*A=0.1*0.96*3*5= 1.44 ton
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M= (V,/ 2)*H/ 4=0.56 t.m
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_ Yo (6444442 , 0.16m
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| —

E|Y%v» E,Y
EY AeZt €1£ EY. mY *ZAi%t 129



A ¢, sEUNYGE 2% dlias PYA cZIW, m

e

2L4 Opet Docdmm

E|%v» E.Y

1£ EY, MY -«




N

HYA CZIW,m

Ve

Al oBEUNE g Al

~

it

i
Il
Ol

1
_l._.l_

—l

T
Hy —

131

E|1/4V» E,Y

cZAlYat

EY, mY



dia g Y BRYEMY A AYag

L
%
]

tl
L

i

[l
|

=== -

0, 40

O.80m O4m | f1.8m

£i= Eage = irmg




Vol

~

A aYoeEm Y A(’,Al/4<',

.--.
\

P
FETTTTE L e

——

133

EY A«Zt €1£ EY



A} o)of 9 A Z 01 Y, ALE WX B—
OE Y { {AMR{Z"$BYZ] A|« {=N:A€LZ
g Q= 0.9s.f,= 0.920"2300= 0.41 t.m « M,

|<Z] E» €% Ib» ZZAM EQA pnZ]%KRYTA eZ e AcAAIA] X~ »

T o P L_..—.:...r.p.:....LL

TR D) LRV P W I

T O A G IE I

(Ednan, bbb

ARD VARIANT E|Y%v>» |




oY ABf sBEVsy S€—

M, .= My, t,"» €IEWTZAEM «{ Y AEA1AZEBV>»
M= M, 0P E8Y d/Em «{ «YAE{ 8AZ-» € A.
IVIUZZ 2WuL2 OWZ« dAEm o{ 'YAE{.-&V» ;€'A A

M= My E-&YEm «{ «YAE{ -€v» € A- ArfZ



ot gl lgs sle ) J 1k clealy

(Rl € 1BV Zyss 5 AVE Iy lies{y 59 YARERZ VA Z - —eeesor

VI 2 e il

t."» EIEWIZA&A M «{ «YAE{ 1A

; @é\ ;

35 iy 5 s a ) Sla
M., = 1000f, IS(h—L)“ @ f§ g
e by s g3 S . @ (Mmm) e Selses =h
Dl Als g ?B\

o N.mm) e el i Caglie =M

(B*IPHLNJH]HI}%\QMJLJ}JJ ‘;_JL-JJ-:JJ:-I

// My =M, (F-0)

Lsil_.d cl i}lb é!f QIJJMJS Cesl a0l soly ‘L......Y(p'l.iﬂ_-q.ﬂﬁt-ﬂ'.ﬁ dls’“ﬂ&Mdel)Ja‘rn}mnm

E|%v» E,Y .
EY A«Zt €I£ EY,mY +ZAl%t B3l oo P I o s



(N/mm” b MPa cow> 2 ol glaglas Simecnd Jaue —0-Y Jguo o gla,lys glaj ) 21D sl
- ok 3 Rn & et 10 e o
@b lecw b sl sl Ol Sl g wili g yleasw w5 b sols sl O

S g Mo N go oMo S g oM N gaiodle Y 5 e b

- = | = - ..-I 4 -

— i ; . B
1.| '__. U‘_i_':-__._....._.t} H‘,E-J_-t _:-L’-_:_n..‘ l_ = — __I_’L:hc__l.ﬂ.':- .L.--_"_}.“L I‘___.,...nt_..] - L_Jl“-_-.-‘ ..3_.=L_= - T

_I AL 5 - B % " » = ;.__ I | -
E|1/4V)I)-h_§b \? z -u !—‘h‘i!— l_.ll pm_.."_i‘ 3‘ "—'l;;E"-' -‘3[— 1—!-'5' q__:.l-l =_|l|_| -

TR e ] e A

=y R e P AT 137
EY AeZf €1£ EY, MY 4ZAIlY : " , - : ;
. ' ] JhlA_.:.c 4j1-n-¢:" .__L:-J"'.i = 18- R e _.l_."*'!: e e alac.l = _-'Lﬁj.“ L af .IE‘: __.l = L;__u L g




ot gl lgs sle ) J 1k clealy

(yiomi I Zes 50\ AE Bhtﬁ%{)jﬂ\ﬁ&Eo{\ BANZ SN ettt

¥ e s dils

f,=0.16 Mpa

t=15mm

|<ZI]NE®A¢ oY EEZA] %ZYl1t Z] A|<« AfyZ€8&cO»

o
5

M,=292N.m/m : qQ,=M,;=0.6*292*0.0 _é& t.m/m

L “nﬁ.qr: bylsl c‘..':r—'l—T J_qiur

SaN g8l :
Wrid- ks gy - e leas

TA ,jJL.:.J Culju‘.n l_!!'IﬂJ " = : Ln.t....a
duule ] i i Sl Y Sle £
38, JELb 5. JEbLEe B Ll e
LS. ¥ - 3 | N Slaas' LS 5 Lisla
JE_LIEN T ¥10 B 18 ) S Sal guckiy
SIS 7 v : * - : N
' 0 T PO T
LA 1) 1 - - - >

EY AeZt €1£ EY,m Yoedkipahthe ast

bl

ETV> E. 7

saleio lodal g0l o looes

W |

bope

:L'l—-i--:-.l. i |,-L
" # 4 o F |

,_.-l.."-"" RS -L.}.."Li I e -_-_I _‘-__'l.'- '_”#4;3_38



Al gl ylye gl b sleal

(50 (Esn 8 A AE My )SONAE] 1AZ -~

wq.;;lﬁ.ih!l.-

a=067 . Pp=035

sleas arly glajles olp
J'L“‘f"" Fusa JLﬂ:-.‘c.‘l-!:,
- a=08 . =08

Eiﬂ4V)1 Es"

EY A*Zf €I£ EY,mY ZAlI% 1 _ ) L ) i
S ol slaasls jl oal disle yiww 3,8l b ol jlass adafle §5 g i g )8 20590 —T-0 (IS5

E-8Y dAEm +{ *YAE

139



ol gl lge sl J 10 gl
(£l ([Esn 8 A myle{)SOVAE] LAZ» § e

¥ e s dils

EeZES d»AZ-»

(i b i) oy g3 51 0liin] b oy di Ly gl g (5)Lid Canglio ~Y-Y Joi>

(MPa) A ahits b (bl 31 (gusy S35 4G Lo sl ahiie zehies bl 3 4lg9d o Lo Canglite
S £ OObe ' ; > (MPa) f'm — ;g

EY AeZt €I£ EY. mY «ZAivit 140



(Do Bt 80X dE my e )SONAE] tAZ-» €°A-

E—|§:I#Em ‘{ 'YAE{ 1A

d»AZ-» FAMNA4A A{Z 1Y |E{s AEHTZA €28 |AE ~WAE ¥E€— Afe{ oY HTEEH (7

~ '\.. - - . ~
1000A . ac. 1000A.f Af,  mm C@‘ A@Afﬁmpﬁq&z{, Ay z°—-» t71 ...Z1Y €] E
M, =——2(d-——)=——2(d- )N. ) @
B 2 B 2pt. B m é" r§
(V-0)

M,y =¢M_ @ 60

a2 sleyles ol Ui Slake aS P R L | OES O L Ceegli ol o o 4 M; L ‘_h__':a-[;l:: (oD uaglie

N
?B J“:‘L‘u,s" - /9 J-.’Il)'.’ :_L....a d_"aJL“):L
A= 50 mm2 Fy: 340 MPa
B=500 mm d= 150-30-8/2=116 mm
_ 0.8 f =7 Mpa

M,=3859N.m/m : qQ,=M,,=0.9*38590.0001~ 0.3ptm émY

EY AeZt €I£ EY MY «ZAlIYt 141



QW Z, k5| ACEEE) ¥ {5 €Y BEALANT ZV »

Mu2  ‘2wul 2= 0.068*0.1*25=0.17 Md2-@<§% t i
O.&,é(\

v

"2 §).068

Mul — ®¥0.1*0.17=0.017 =~ Md1=0.017 t.m/m
—  @MIn2=0.017/0.35=0.08 §0.1

E|%uv» E,Y
EY AeZi €1£ EY, MY ZAlYs%

E-8Y d/AEmM «{ YAE

cYAE{ ¢Y Z2]€» €f» ®E €]

‘wWa&L&m «f

*YAE({

142



Ao N ZOHT et (AHANLZ)) 2B Thy BRI $3L3

=l syles Y-5-F
Sty Billae (oo (glag e g Bpdy 4 ol g i e Wb (> 5 ola fas
Laiiz e Al b lonlns sl h__uém el sla I8 s Loy (F-F)
ojlm s dl 5 L J‘*L-ﬁ‘&s & BG5S () laef glojle slael lauigs
- QéQ Wis 5 lats
diil slais® & b lakad oo i Gaimran g ojluay Ll cilakad oYLl il
0 - VB Ly () Bl D gl s e sl o5
wxdls lpd |y ol 55,5 45 alas
eyl ol b ojlary las o oo il 8 ISl b g -
i L glopals (slaglysw L 5 alued (slagjpm b (o¥ed Clmio wiile
e S 5 S g Camglis (gl)ls S i (g3l ks L 5 o3

E|%v» E,Y ,_"lj.a;.; ﬂJLEl:.-.dll
s el : 143
EY A<Zf €1£ EY, MY <ZAlWs%t



A Vet ZEHT Bt LQABANLZ,) A b ey HA B S3L3

= (Y-F) acy slms o5 (sl ol gl SVl g o lagS bilog a8 -
S ge ols glojla ot siz a5 e 40 Wng o (o) 45 24 a8 g

e Ly ooy Jol 0 aladans LygGsle Bl Jlail & (g8)l5s 8 -2
i S Latas L':-:“féﬁcgﬂ"? Aol Al gl o el ol
1y 2y Loogeaine 5fgee o RAT Jien o g0ty by phns
N g bl b 2 25l

S35 el g sl -J-?}.-.;d 2!l gl lojlgs L4 plaled -
s ST oot @ S3s jleslind sylee ful 3 ish e byl

laaei— A=lo glaylass F-4-F

il geslie g ay agly 20 VA 1 2y gl csladia s (I8 5ol

gt Jlen ajlin s (il 150 3 ey Lalaly 51 aalizl

E|%uv» E,Y
EY AeZt €1£ EY,mY «ZAlYt

144



Wz e¥ob EuY € —

P...=V,/2= 1.49/2= 0.75 ton

M,= P, *L/8=0.75*5/8=0.47 t.m

{AE: €E» '-1 A] +YAE{ RPAEYY LA {LEOZ] «{ AffAIhEa M) Al|Ea &EES FANA{ <Y A
OF .Y {

qM,= 0.9zf = 0.9 * 41*2400=0.88 t. m « M,

{Ac A{Z§3Y EN¢eZmM BEZE¥{Z[EB]{z"~» «{ Er¢Zm EGEria S¢

_ a9 0UUU UL
L,=1.76 ry\/;—1.76*1.23* | oo 625 ¢m
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b=4eP,,, dF,t?)= 4*2.1*750/(0.9*2400%0.32)= 32 cm
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