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Contribution of Infills to the Response of Multistoreyed Frames 

Dr S C C llakrabarLi, Felluw 
Sm! A Mittal, Non-member 
S KAgrawal, Non-member 

The paper describes the increase in stiffness dill' to tile in/Wed wall in (/ fral7le for differem I'a"(es ofnormlll 
and shear sliffness 01 the interface of the infilled walls and the RCC frame members. Tire changes in tire 
moments at the critical sections, which lire generally beneficial from tire design poilll ofview are Irigltlighted. 
The free vibration characteristics ofinfilled frame vis-a-vis bare frame are also discl/ssed. 
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NOTATION 

B span oflbe frallle 

bcighl a I ilny point frolll Ihe foundaliun 

H overall lJeighl of Ihe (rallle 

Kn norlllill sliffness 

Ks slJl~ ilr slilTncss 

x H I B ralio 

INTRODUCTION 

In norlllal design pr:tclice the conlribution of Ibe infill p~ne.ls 
towards Ihe slrenglh and sliffness of 3 lIlullislorcyed building 
frame is nol !"keu inlo account. Tbe reasons for nOllaking Ihe 
advanlage arc eontplicalions involvt:d in ilnalysis ilS well as 
the IIltcerlainly aboullhe illlegral aClion belweenlhe infill and 
Ihe frame. The nlclhod of conslruclion followed in mulli­
sloreyed building frallle is 10 conslruct Ihe RCC frallles I1rsl 
and Ihcn lay the brick walls bl'.twecnlite RCC membcrs. This 
introduces lue uncerlainly aboullbe effecliveness ortbe bond­
ing at Ihe inlerface. 

When a multisloreycd building is subjecled 10 hleral loads, 
the frame deflects in Ihe direclion of Ihe loads . Thc infilkd 
walllhcn comes inlo ptuy to carry a pnrl ofllll' load by provid­
ing slrul aelion 10 the frallle .. This, in lum reduces Ihe overall 
defleclion 0[' Ihe frame. The. slress configuralion in Ihe frame 
also gels changed due 10 Ihe slru! BClion inlroduced in Ihe 
slrllclmal syslellI . 

In Ihis paprr, a sludy has been mnde In assess Ihe. increase of 
sliffness in Ihe overall slruclmal syslem aud 10 find OUI Ihe 
clJanges Iballake plnce in Ihe slress eonfigllfillion and defor­
Illalion al the rrilical seclions in Ihe heall1S ilnd col limns. The 
free viI1raliou chuacterislics alongwilh Ihe mode of vi bra lion 
arc also discussed . 

III order 10 sludy Ihe effccl of uncertainly involved in Ihe 
Illonolilhicily allhe inlerfacl'., diLlerent combinations o( lIor­
Illal and shear sliffness valucs ronging rrolll very IllW 10 high 
bavc be('n assumed . 

MODELLING OF n m INFILLE» FRAME 

The in filled frame has bern Irealed liS a plane slress prob\l'm 
with inlerface ChUnCIl'-fistirs allhl' frame. and wall j1lnctions. 
The RCC frallle melllbers as well as Ihc inrilled brick walls 
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have bec-n represenled by 8-lIodnl isoparalllclrie plane sIres,; FIGURE 1 
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l·kl\lcn!.St. Thc interface characteristics at the jUllctions o[ 
RCC I\lembers and brick WJl lIs have been discretized by joint 
(·!l:ml'n\.s2. The noda I variables [or the juint clcmcnts have 
bl'l~n ta ken as the rda tive d isph cements norma I and parallclto 
th' interface. The lll'nding 1ll0n]('nts at thc critical sections of 
the RCC members have bcen obtaincd by nUlllerical integra­
tion o[ the stresscs at tha t scction. 

11K sta tic and [rce vibra t ion ana lyses have been ca rried Ollt by the 
genera I FEM package STRSJT developed at this Institutc3. 

I'ARAMET IUC STUDY OF INFI.LLED FRAMES 

To study the influence of interface charac.tcristics between the 
RCC fmme mCl\lbcrs and thc 0.23 m thick brick wall, 
parametric study was carril~d out on displaccment patterns and 
bending IIIOI\\Cllt distributions along tLte RCC mcmbers. The 
building frame taken (or thc purpose was single. bay with 
storey Lteight of 3.5 1TI. The paral\lcters considered for the 
stud y wcre : 

NUl\lber of storeys Ito 10 

Widths nf the framc, nl 3.5,4.0,4.5,5.0 

Shear stitlness at intcrface 
2(Ks), kN / m I x 102, 1 x 105, I x I 09 

Nllflnal stiffness (Kn), kN / 1112 I x IU 2, I x 10'''1 x 109 

For the sakc of comparison, a frame of the sanle dinll'lIsi(l1i 
without the inrill (ban' framc) was considered. The dl"lh·l·tilln 
as wdl as the moment at tile critical sections of this fral1ll~ \Wl...· 
tahn as the rdcrcnce values and those of the inrilled fral11l's 
with different intnface stiffness values wcrc expressed as a 
ratio of tile 8buve referellce values to make tl1l'.1111101l-dillll'lI­
sion~1. 

As expected, the infill w~lIs of the fr~l1le cOlltrihutl'd si~· 

nific~lItly toward s its stiffness and the stress l"olll"igurations 
changed cons iderably vis-a-vis the barc frallle. 

Since there is overall incrcase in the sti[fn~ss, the dynalll il' bc­
haviour o( such infilleu frame is also likely to improve. The 
fundamentaltill1e period of any structural system is related t(l 
its sti[fJlcss. Reduction inthc time period is expected to n'dlllT 
the amplitude of the structure and in turn the dynalllil'stn·ssl's. 
The stress Ltistory of thl~ structure through the duratiun ur 
shuck is thus likely to be reduced in magnitude. The \llOdal 
an~lysis ofstruC'ture for earthquakc load is greatly dependent 
on the rUndallll'lItaltilllc period. Parametric study onth[' varia­
liull of tillle pcriods for different values of shear alld 11 llfl1W I 
sliffllesscs has hCl~n carriedl1ul. 

Displacement Characteristics 

The dl~neetion ratil1 of 4.5111 wide single bay ill rilled l"r;l1l1es 01 

FIGURE 3(a) 

COLUMN MOMENT REDUCTlON AT FOUNDATION LEVEL 
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height 1 10 10 storeys vis -a-vis frallle without inrill are shown 

in Fig 1. 

Itlllay he , cen from Fig 1 Ulat fora high value ofKn (1 x wry kNI m\ 
the fl'ductilln ill the de lkctiun of inlilku fra lIIe due to inrill a c­
tion vis-a-vis a frame without in(ill w a ll is quite substantial 

ranging fmm 0.1 to 045 dep.:nding on tbe number of storeys. 
The rl'uuetioll ill uclkctioll is mOfl~ in case oflow-rise frallles. 
It lIIay also be noted tbat for Ibe sa me vallie of Kn the dellee­

ti,'n ratio reduces margillally witb incrcase ofsbear stiffncss. 

III Fig 2tllc variatioll of the dcOeetion ratio of 10-storeyeu ill­
filll~ u lfame with tllrcc differcnt values of Kn bas been rcpre­
sented uiagramatically. It is obscrveutllat for a low value of 
Kn the uclkction ratio for lO-slOfcyed iJililleu fraIlle vis-a-vis 
rralllc without infill reduces sllbstantially willi increase of 
sh,'ar slilllu' ss at the inll'rface. As the value uf Kn inCTcases, 
th,' uel1eclioIl ratio reduces for lower values of sbear stiffIless. 
Thl' ddlectioll ratio for wry high shear stiffness is almost 
same fur all values ofnOflilal stiffness. Figs I and 2 cOlllbined 
indicate that tlr,~ uclleetion of a 10-s toreyeu infilku rrame 
rcdul'l' s considnahly with highervalucs of Ks or Kn and con­
verges to around 40% o ftlle uellcction u( a rrame without in­
fill. This rcum'cd value is much less as the HIB ratio of lhe 
ouiluillg decrl'as,~ s. For single stOf(~y building it is as low as 
10% to 15%. 

faFIGURE 3(b) 
COLUMN MOMENT REDUCTION AT FOUNDATION LEVEL 

5.0m Wide Infilled Frame. .23 m waU3.5m Wide InCllIed Frame. .23 m wall 
Kn = 0lE05 KN/sq.mKn = 01E05 KN/sq. m 
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Bending Moment C/lllrl1c/cris/ics 

ItllJSbc,cn obse rveu fIOllllhi s slucl~' that the bcnuing IIIOlllent 
I at the differellt critical seclions ill the COIUIllIlS <llIulhe beallls 

gl'lS nlOdilll'u to a cOllsicJnahk cxt c nt. rig J(a) shows th,~ 

fl',duction ill colulI1l1 1I10ll1elit at fUlllluatiol1 Ir,vd uue to intill 
action for diffrrellt HIB ralios 311U for uifkn' lll val ues ,)f KII 
allu Ks. It may be noted frolll Fig J(a) tha t the bc,lIding 1Il01l1l'1I1 
reuuction ratio is alll10st 1.0 whell the va Illes of the two slill ­
ncsses are very low. Very low vallll~s or Ks and Kn physic;r1ly 
C<III be interpreted as la c k of illtegral aclioll bctw,'enthc RCC 
frame melllb,~ rs and thc illfill pands. WIll'n the in ll'graI actioll 
is alillost abscllt, the illfilku fraille Illay be, trealeu as Iiolhing 
bllt a uaille wilhout ililill walls. Hence, III<' benuing 1ll0111CIII 
rcuuclioll ra tio is very Heilr to 1.0 for very low va lul'. (\ I' Ks and 
Kn. Kcrping Kn cOllstallt, as Ihc value of Ks incrcase-s thc ralio 
also decreases. 

III Fig 3(b) tlH~ clkct or KII ,)11 the 1ll0lm'nt fl,duClioli ratio :11 
(oulluillioll kvcl has becn d,',lllOllslralt:u f~f Iwo uilTnent 
widths. It Illay be observrd that as Kn illc[l·.asl's , Ih" ratio l'tlr­
thn reuuces. frolll Figs 3(a) anu J(b) it 1I1ay be COllclllu"uthal 
in cOlllparison to 3 (rallle wilhout inrill wall, the l'l,IUnlnlllo­
Illent at the fOllndatioll kvd of inJ'ilku rranH', L1l' (,fl~nscs as Ks 
and Kn values inneas,,- Tile rc,duclion in 1lI0lllent~ have I"'l'n 
foulld to be as low as 10% rUf wry high vailies 0 ) (s arlu KII , 
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The present construction practice is to construct the inGIl wall 
only after the RCC frame hns been laid and possibly hardened 
100. Tllis involves the risk that the integration and interaction 
between the RCC frame members and in Gil wall may not be 
sJtisfactory. In mullistoreyed huilding. somctimes reinforcing 
dowel bars. project Ollt from tile RCC column members to be 
embedded ill bed joints of the infill wall panels. This sort of 
dowelling across tile interface incre:ases its shear stiffness. If 
tile joints between the infill wall and the concrete RCC fram­
ing members be Glled up properly with lllortar. the stiffness at 
tile joints will deve:lop. Tile question of Ks and Kn becoming 
simultaneously nr.gligib1e is not very likely, since the same 
will occur only wheil there is distinct gap at the interface.TIlat 
is why tile effect of increasing Ks and Kn has been studied. 

Till now, not much infonnation is available for the quantita­
tive valucs of Ks and Kn at the interface of RCC Ille:mbers and 
inllll wall in a multistoreyed frallle. A test program for assess­
ing the shear sliffness at the interface was undertaken at this 
Institute. Based on the lest resuIL~, thevalucs of Ksat the inter­
bce canoc approximately estimated to vary oetwecn 0.25 x 106 

to 1.0>< 106 kN/m2 for 0.23 III width of brick inrill wall. It is 
quite dimcult to assess experimcutally the value of Kn at tile. 
interface. For an inte rface tolerahly well packed with lllortar, 

the value of Kn will be quite high. It Illay be IIhsrl\cd 
Figs 3(a) a nd (h) Ib.1lthe reduction inlllolllcllt iSfjll 
tial even for Ks valuc of 1 x 10~ kN/1ll2 and very low 
Kn. Same observation is also true whcn thl~ value (lr K" 
equal to 1 x 105 kN/m 2 and the value of Ks wry low. 
it can be inferred tha t even though the joints br.twrl'n th~ 
framing melllbersand the infill walls arcnotvl'rY.n .. "."...... 
there will be some reduction in the hr.nding moments, Iht 

vantage of which c<ln be taken in desig n. 

The bending mOlllent reduction ratio of the COlllnll" 
floor level for the inGlled fra III es with widths 3.S III 3ndS 
has been shown in Fig 4.11 may he. obscrwd frolll thedi~p1 
of 3.5 m wide infilled frnme tha / the m(1ml'nt redul'til11l * 
changes sign for the 4-storryed frame only. This trrnd 
been observed even for 4.0 III wide infillcd [mille. FlIr 4.S 
and 5.0 III wide infiiled frame there is no reversal 01 sign 
moment reduction ratio. For the column mOlllentat thd,o 
of 7th floor, sim iln r behaviour has bCl'n obta incd for3 Sill 

4.0 III wide 7-storeyed ['rame. The peculiarhl'lwviourofl 
sal of sign forcolllparativcly narrow inrilkd franll:llI~ybc 
calise the dcfonnation of inrilkd frm\\(: ofhighcrHIBul1ll 
mainly ill shear Illode whereas, thnt with lowerlllBlllio 
higher values of Ks and Kn is in nexlln~ mode. 

FIGURE4 
COLUMN MOMENT REDUCnON AT FOURTH FLOOR LEVEL 

3,&1\ Wide Infllled Frame•.23 m wall 
Kn • 01E02 KN/sQ.m 
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FIGURE 5 
MOMENT RATIO AT GROUND FLOOR LEVEL BEAM 

3.5m Wide In!illed Frame, .23 m wall 
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Mom!!nt Reduction Ratio 

TIle bend ing 1I10ment ratio althe ground Door level bealll on 
tue windward (left side) and leeward (rigut side) ends arc 
sbown in Fig 5 for Kn = 100 kN/m2. On tue windward end of 
the beam tucre is reversal of bending moment ratio at tue 
ground Door level for uigh values of Ks and Kn. This tendency 
is more prominent where tbe width of tbe inl1l1 frame is 
smaller. This trend is observed in tue be.1 ms of aII storeys. Fig 6 
suows tue moment ratio at 4th Door level for very bigbvalue 
ofKn.li may be noted tuatlue general tendency of rev ersal of 
moment ratio still persists buttue same is greatly reduced . On 
the leeward side tbere is no reversal of bending 1Il0ment ratio. 
However, tue bending moment is greatly reduced with in­
creasing values of Ks and Kn. Tuis phenomenon can be ex­
plained frolll the fact that the intcrface between the wall and 
beam applies upward pressure on the beam Oil tue windward 
side and downward pull ntthc krward side. This pressure/pull 
is Illore wuen Kn is highcr.lt is due to tuat moment is reduced 
attue two ends and sometimes reversal outue windward end. 

Free Vibration Characteristics 

The free v ibra tion cuaJactcristics of tue infilled frame with 
different values of shear and normal stiffness uave been 
studied. Fig 7 suows tue variation of the fundamental lillie 
period for dilTerent HIB ratios and three different values of 
shear stillness. Itlllay be noted tbat for the sameHIB ratio the 
time period is more when the suear stiffness is less. This is in 
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cOllfirlllity to cXlleclalioll. For Ihe 'sake of the brevilY of the 
paper, such variation for otuer values of Kn are nol shown. 

Tue best fil equation for tue fund amental time period has been 
obtained taking into account different values ofshear stiffness 
and the same are sbown in Fig 8 for Iwo differcnt values of 
normal stiffness keeping the normal stiffness nt the interface 
conSk1nL. Fig 9 shows similar diagram for two di fferent con­
st,1nt values of shear stiffness consid ering all values of normal 
stiffness. 

Fig 10 shows tbe first mode shape for 4-and 10 -storeyed bare 
frames and infil1cd frames for two sets of shear and nonml 
stiffness values. Mode shape of the frallles are plol\ed against 
IrIH ratio. Itmay be noted frolllthe figure that the mode shape 
diagrams of the bare frames are in suear mode whereas t!lOse 
fro III the in filled framl'.s arc mllfl'.towards 11 "xurc III ode. How­
ever, on critical examination it may be found that the mode 
shape of the 10-storeyed infilled frame has more tendency 
lowards shear mode as compared to 4-storeycd infilled frame. 

A bare frame being more Ilexible as compared to an illtillcd 
frame of tile same dimensions should have higher time period. 
But from Figs 8 and 9 it may be illlticcd th at for uigher values 
of HIB tbe fundalllcniaitime periods for the inl'illed frame arc 
more luan that of tue bare frallle. Tuis may be due to the ten­
dellcy of the tall inftlled frallles towards shear mode ofvibratioll. 
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FIGURE 6 
MOMENT RATIO AT FOURTH FLOOR LEVEL BEAM 

3.tim WIde (nfllled Frame,.23 m wall 5.0m Wide In filled Frame, .23 m wall 
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For tbc salllc width a taller infilled frame has Icss distinclive 
llexure Illode of vibration (as discussed earl icr with respect to 
Fig 10). On the othcr band flexure llIode of vibration is more 
predominent in low rise infilled frallIes. An infilled frame with 
a tendency to vibrate in shear mode is expected to have higher 
tillle periods as compared to one vibrating in flcxure mode. 
This may be the possible reason for higher time period of in­
fillcd frame with highcr HIE ratios.' 

Itmay bc noted that thc hindamentaitilllc period of an infillcd 
[ralllc depends upon tue stiffness properties of tbe interface 
bctwccn infill alld RCC frallle. It may be quite difficult to lind 
out tue tillle pcriod for such inCilled frame in a bsence of propcr 
knowledge about tbe stiffness properties attbe interface. An 

FIGURE 7 
VARIATION OF TIME PERIOD (Tl) WITH HB RAllO 
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attempt has thcrefore bcen madc to derive a bestJit equation 
for assessillg tbc flilldamental timc period of in filled framcs 
considcring tile time periods obtained for various vnllles or 
sbcar and normal sti ffness (for thrce values ofKs and Kn) with 
different HI8 ratios. Fig 11 shows the best fit curve vis-a-vis 
the analytical results. Tbe best lit curve for the fundamcntal 
time period is 

T 1 0.0366 + 0.0647X + 0.oo44X2 (I)2 

It may he Jlotcd tbat tbis cquation is trlle only for sillglc span 
inlillcd frame and can not be extended to multispan infillcd 
frame. In abscnce of proper computational facililics and 
knowledge of the stiffness at the interface, the eqllation for the 
fundamcnlaltime period can be. used within certain accuracy 
and tbe same may be used for modal analysis for single spnn 
infilled frame undcr assessed carth quake load, 

CONCLUSIONS 

1. Tbe mom ents get considerahly reduced atlhe critical Sl'.C­
tions of heams and columns of .1n infillcd frame duc to the. 
structural action provided hy tllc infill wall. Provided that the 

joints bctwecn the RCC memhcrs and infill walls arc properly 
done, the rc.duction in bending moment may he conscrvativcly 
taken to be of the order of 50%. 

2. The sti[fI1cSS of the in filled frame. also gets inneasrd sub­
stalltially due to the infill panels. 
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FIGURE9 
VARIAnON OF nME PERIOD (Tl) WITH HIB RAnO 
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FIGURE 10 

FIRST MODE SHAPE FOR 4-AND 10-STOREYED FRAME 


o 

(K•• Kn • 01EOS kN/sQ.m) 

o (Ks • 01E05 and Kn • 01E09 kN/sq.m) 

0.2 0.2 

.2 0.4-8 0 .4 
OJ 
a:a. 
~ 0.6~ 0.8 
s: .z:; 

• 0 .8 0 .8 

o 0 .2 0 4 0. 5 0.8o 0.2 0.4 0.8 0.8 

8.,. Fr.",. (1 0 Storeyed) I"Ulied Frame 110 Sto r.yed) 

- ..,... Fr..... (4 1Mw.,...d) - In,lIIed Fratrl. (4 Stor.yed) - Bare Fr.... (4 Slo....yed) 

aM. Fr.".. (10 Storeyed) ---+-'- Infilled Frame (10 91o.'eyed) 

Inlliled Fr.,... (4 Storeye.d) 

166 IE (I)Jollrnal- ell 

3.1mperfectjoillts at tbe interfa ce of tbe R CC framin g mem­
bers and the infill walls redure both tb e interfnce stiffness 

along and across the j o int. Prov ided th at the bonding al th e in­

terface is fa irly good tbroug h some projecting duwels from tile 

co lumns being e mbedd ed in the infill Wil li s or thro ugh good 
1II0 rtM filling of the jo ints, tll e relief in th e s tresses as well as 
defonnations in tb e infiiled frallle a re considerable. 

4.1n absence ofaJequate computationallacilities a nd proper 

knowledge abo ut th e s tif(ness at tbe interface th e equation 

pro posed fo r tbe fundam ental ti!lle pe riud of single s pan in­
filled frame Illa y be used for design purpose. 

FIGURE 8 
VARIAnON OF nME PERIOD (Tl) WITH HI B RAnO 

5. The study is limit ed to single s pall infill cd fr,lIn e only <lllll 
th e conc1us iol\S obtained here inlllny no t be va lid for inliilnJ 

frame of multiple spa n. 

6 . Wit II the introduction of high speed perso nal computers a lld 

th e easy availability of computer code, des ign of llIulti­
s toreyed frallles s hould b e done rOllsidering Ihe henefiri, l! d­
fe r t o f iJlfill wall_ This will redure Ihe overill! cost 01'1 he building. 
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FIGURE 11 

DEST FIT CURVE FOR T1 FOR SINGLE SPAN INFILLED FRAME 
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