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Summary - Theoretical and experimenta! studies on lnfilled 
frames with window or door opening subjected to lateral load, 
have been carried out and the results are reported in this 
paper. The infilled frames have been analysed by Finite 
Element Method using SAP IV Package Programme. It is found 
that the lintel over the window opening behaves as a tension­
compression member in both the cases of full contact and 
separation taking place at the interface of infill and 
frame; whereas the lintel over door opening oehaves as a 
tension-eompression member when full contact exists and as 
a comp·ression member when separation is allowed. 
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1. INTRODUCTION 

Studies carrie d out on infill ed frame s with ope nings 
(window or door) are meagre . With the little inf ormation 
avail able , it is well known t hat the pre sence of ope ning 
in the infill reduces the late r al stiffness of infill ed 
frames considerably [l,2J. As ope nings cannot be t o t a lly 
avoided in th e building s , they ma y howe ve r be stre ngthe ned 
by providing stiffe ne rs around them t o i mprove the behaviour 
of infilled frames. The simpl est stiffe ner normally provided 
over an opening is the traditi ona l 'lintel'. For ve rtical 
loads, the linte l is be ing designed a s a fl exu r al me mbe r but 
its behaviour under late r al l oads is no t fully unde rstood. 

The pre sent study is carried out on a n inf illed frame 
comprising of 20 cm x 20 cm reinforc ed concre t e fr ame infilled 
with brick masonry 270 cm x 270 cm x 20 cm (Fig.l). Ce ntr ,1 
door ope ning with side s one-third the width of infill a nd a 
central door ope ning of width one-third th a t of infill but 
height two-thirds the hei ght of the infill a r e conside red. 
For the study he r e , a r e inforced concre t e linte l of 

.20 cm x 10 cm cross-se ction is provided over the ope ning. 
Four diffe rent rigiditi es of lintel a r e conside red t o study 
the effect of rigidity of lintel on the behavi our of infill ed 
fr ilmes. 

2 . METHOD OF ANALYSIS 

An ite r ative fini te e l ement me th od of ana lysis i5 adopted 
f or the theore tical study [3J. Typ ica l finit e e l ement 
di s cretisati on of inf illed frame s with opening is sh own in 
Fig.2. The infill continuum is discre tized as a r e cta ngular 
four noded .plane stres s e lemen t s having two-degrees of freedom 
a t e ach node . Frame mem be rs and the linte l a r e conside r ed a s 
be am el eme nts with t hr ee degree s of freedom a t e ach node . The 
int erface betwee n the bounding frame a nd the infill pa nel i5 
repres ented by sh ort-link e l ements simila r to be am e l ements 
ha ving ax i al a nd be nding rigi diti es. 

Both the ca s es of pe rfe ct contact a nd sepa r a ti on t aking 
pl ace a t the int e rface of fr ame and infill a r e consi dered in 
the analysis. Howe v r , it is a ssumed th at the r e i s a l ways 
pe rfect bond be t we en the linte l and th e i nfill pane l a nd als o 
mome nt of inertia a nd a r ea of cross-se ct i on of the linte l are 
a s s umed t o be conce ntra t ed al ong th e inner e dge of th e opening. 

Sepa r a tion, slip and l oss of fricti on a t the int e r fa ce of 
frame and infill a re consLder ed in the analysis by the ite r a­
tive fi nite e l emen t me th od expl a ine d e lsewhe r e [3J. For the 
ite r a tive analysis, th e Pa ckage Compute r Pr ogr amme SAP IV i5 
utilised on IBM 370/155 compu te r. 



3. EFFECT OF LINTEL ON THE STRESS OISTRISUTION IN INFILL PANEL 

. Tab1e 1 gives tho stress distribution at sa1ient points 
(A,S, .O,E of Fig.2) in the infill panel. For comparison the 
corresponding values of stresses in solid infil1 panel are 
also given. It is seen that, even though the stresses at 
infi11 corners (A,S) are considerably high (particularly when 
separation takes place) in the case of infills with opening 
(window or door) when compared to those of solid infills, 
introduction of lintol over the opening does not affect the 
stress leveIs appreciably. Similar behaviour is also observed 
at the corners of the opening at sill leveI (C,F) in the case 
of window opening. 

At lintel leveI, in the cases of both window and door 
opening, when perfect bond exists at the interface of frame 
and infill, lintel does not have any effect on the stress 
distribution at the corners of thc opening (O and E). But 
when separation takes ~lace,lintel considerably reduces the 
stress concentration at the corners (D,E) of the opening, 
particularly in the case of ooor opening. 

4. EFFECT OF LINTEL ON THE LATERAL STIFFNESS 

Variation of lateral stiffness of infil1ed frames with 
openin~ (with and without lintel) and without opening (solid 
infill) is also given in Table 1. WinJow and door openings 
considered in the analysis reduce the lateral stiffness 
con5iderably when compared to that of 501id infi11ed frames 
and more so when separation takes place at the interface of 
frame and infill. It i5 seen from Table 1 that the lateral 
stiffness of infilled frames with window opening strengthened 
by lintel is not very much diffcrent from that of infi11ed 
frames wíth unstiffened opening. Sut in the case of doar 
opening an increase in lator·J l stiffness of the order of 1 1-
and 8.5 1- is observed for fuI 1 cont act and separation respec­
tively. Thus it may be concluded th a t the offect of lintel 
on lateral stiffness of infill ed frame s with openings is 
nogligible. 

5. STRUCTURAL 8EHAVIOUR OF LINTEL 

Stress distribution in the lintols over the window and 
door openings is presented in Fig.3 and 4 for both the cases 
of perfect bond and separation at the interface of frame and 
infi11. 

5.1 Lintel ove; Window Opening 

Variation of stresses in the lintel over window opening 
is shown in Fig.3. It is seen that the axial stress varies 
along the length of the lintel, being tensile on the windward 
side and changing to compressive on the leeward side; the 
compressive stress intensity being relatively higher compared 

563 



to tensile stress. Total stress nlong th~ top fibre of 
lintel is mostly comprcssive except over a small length on 
the windward side. The stress at the bottom fibre is also 
compressive over a greater length. 

When separation t~k os pl}cc at the interface of frame 
and infill, the intensities of stresses increase consiuerably 
and the compressive stresses, in particular, along the bottom 
fibre being quite higher than th ose when full contact exists. 
From the strcss distribution in the lintel it Càn be said that 
the lintel over the window opening in an infill panel behaves 
as a 'tension-~ompre ssion' member. 

5.2 Lintel over Door Opening 

The behaviour of lintel over door opening in an infill 
panel is shown in Fig.4. It is observed that when perfect 
bond exists at the interface of bounding frame and infill, 
the total stress varies from tension on the windward side to 
compression on the leeward siJe of the lintel as in the cas e 
of the lintel over the windo.' ape ning. But, it is interesting 
t o note that when separation t ake s pl a ce , the lintel over the 
doar o~ening is .subjected only to compressive stresses over 
its entire length with a high intensity near the leeward 
corner of the opening. He nce the behavi our of the lintel 
over the door opening can be summarised as a 'tension­
comprcssion' member ·when perfect bond ex ists and as a 
'compression' membe r when separation tak es place. 

6. EFFECT OF RIGIDITY OF LINTEL ON LATERAL STIFFNESS 

It was seen earlier2that linte l (Fl exural rigidity 
EI = 349.98 x 10b kg-cm ) does no t have any influence on the 
lateral stiffness of infilled frames with opening. To study 
whether variation of rigidity af linte l has any effect on

6
the 

lateral stiffness, four different rigidities
6
0f 43'3 x 10 , 

349.89 x 106 , 1181.25 x 106 ,nd 2799.99 x 10 kg-cm were 
considered. These rigidities correspond t o lintel depths of 
5, lO, 15 and 20 cm respe ctively, ke eping the breadth c onst~nt 
eq ual to 20 cm and modulus of elasticity E = 210000.0 kg/cm • 

The variation of l a t e ral stiffness of infilled frames 
with opening with lintels of different rigidities for a parti­
cular value of relative stiffness ~h = 7.04 is given in 
Fig.5. Initially, there is found to be an increase in lateral 
stiffness by about 1 1- for window opening and 2 1- for door 
ope ning, but it is almost constant f or other higher rigiditi e s. 
Hence, the variation in lateral rigiJity of lintel does not 
have any appreciable effect on the lateral stiffne ss of 
infilled frames. 
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7. EXPERIMENTAL INVESTIGATION 

Results of theoretical study have been verified by 
experiments on seven half-scale modelsi four with window 
opening and three with door ·~p()ning [4j. Salient results 
are presented in Table 2. The Dgreement between theoretical 
and experimental values are fairly good except where the 
theoretical v~lues are of negligible order especially in the 
case Df bending momento 

8. CONCLUSIONS 

Based on the theoretical and limited experimental study 
mado, following conclusions can be drawn: . 

1. Lintel over the opening in an infill panel does not 
have any influence on the lateral stiffness of 
infilled frames. 

2. Lintel reduces the stress concentration at the corners 
of th e ope ning. 

3. Lintel over the window opening behaves as a tension­
compression member both when perfect bond exists as 
well as when separation takes place at the interface 
of bounding frame and infill. 

4. Lintel over the door opening behaves as a tension­
compression member when perfect bond exists at the 
interface of bounding frame and infill, but as a 
compression member when separation takes place. 

5. Variation of rigidity of lintel does not have any 
effect on the lateral stiffness of infilled frames 
with opening. 

REFERENCES 

[lJ A.COULL: The Influence of Concrete Infilling on the 
Strength and Stiffness of Steel Frames - Cement and 
Concrete, Oct-Dec.1966, pp 162-169. 

[2J O.V.l>ilALLICK and R.P.GARG: Effect of Openings on the 
Lateral Stiffness of Infilled Frames - Proo. of The 
Institution of Civil Engineers, Vol.49, 1971, pp 193-209. 

[3J P.S. RAO, H. ACHYUTHA and R.JAGADISH: An Iterative 
Methou of Analysis of Infilled Frames - P~oc. 16th 
Annual Convention of Com uter Societ India, 
(;SI-81 t lvision I art 1981, 
New De hl, pp 32-38. 

[4J R.JAGAOISH: Studies on the Behaviour Df Infilled 
Frames with Openings - Ph.p. Thesis, Indian Instituto 
of Technology, Madras, India, Oec.198!. 

565 



566 

TABLE 1 

---------------------------------------------------------------
Type of 

S.No. Infilled 
Frame 

1 2 

1 Solid 
Infill€d 
Frame 

2 

Type of 
Contact 

3 

C 

S 

Point 

4 

A 
B 
D 
E 

A 
B 
D 
E 

Maximum 
Stress 

2 N/mm 
5 

-0.295 
-0.225 
-0.083 
0.093 

-1.676 
-L 681 
-0.138 
0.050 

Lateral 
Stiffness 

N/mm 
6 

25.09 x 104 

14.95 x 1(4 

---------------------------------------------------------------
3 

4 

5 

6 

Infilled 
Frame with 
Window 
Opening 
(without 
lintel) 

Door 
Opening 
(with out 
linte l ) 

c 

S 

c 

S 

A 
B 
D 
E 

A 
B 
D 
E 

A 
B 
D 
E 

A 
B 

-0.309 
-0.255 
-0.491 
-0.393 

-0.309 
-L 701 
-0.730 
0.441 

-0. 270 
-0.348 
- 0.560 
0.491 

-2.166 

D -2.822 

6.62 x 104 

14.41 x 104 

2.37 x 106 

________________________________ S ______ :º~222 ________________ _ 

7 

8 

Window 
Opening 
(with 
Untei) 

c 

S 

A 
B 
D 
E 

A 
B 
D 
E 

-0.315 
-0.253 
-0.314 18.08 x 104 

0.250 

-1.691 
-1.706 
-0.463 6.71 x 104 

-0.275 
--------------------------------------------------------------

continued ... • 



Table 1 (c on tinued) 

--------------------------------------------------------------
S.No. 

1 

Type of 
Infilled 
Frame 

2 

Type of 
Contact 

3 

Point 

4 

Ma ximum 
. Stre ss 

N/mm2 
5 

Lateral 
Stiffness 

N/mm 
6 

--------------------------------------------------------------
9 

10 

Door 
Opening 
(with 
Untel) 

c 

S 

A -0. 290 
8 -0.354 
O -0. 373 14 .80 x 104 

E -0.323 

A -1. 789 
8 
D -1:368 
E -0.511 

===========================================================;== 

c = Cont~ct and S = separation. 

'A 
i.' . 

~ 'D 

C F B, 
"///"r. " " // r/F//"/ 
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'" o-
00 

S.No. Type of 
Opening 

1 Window 

2 Window 

3 Door 

4 Doo r 

Full 
contact or 
separation 

Fu11 
conta ct 

Separation 

Fu11 
Contact 

Separat i c n 

Tf..BLE 2 

Theory 
or 

Expt. 

Theory 
Expt. 

Lo ad 

KN 

9.Bl 
9.81 

Theory 19.61 

Expt. 19.61 

Theory 

Expt. 
9.81 

9.81 

Axial Forces 
at point, KN 

---------------
1 2 

0.751 - 2 .334 

3.349 - 3 .349 

0.290 - 8 . 522 

3.349 -10.047 

0.590 -3.094 

3.432 -3.432 

Theo ty 
Expt. 

9.81 -6.151 -13.749 

9.81 -7. 257 -18.142 

Bending ~ ,omGnt 
at POint KN-m 
------------------

1 

0.000 

O 

2 

0.004 

O 

0.003 0 .004 

O O 

0.011 

O 

0.006 

O 

0.010 0.020 

O O 
================================================================================== 

~ri-----------' 

4 1 
~ o 

i 2 

//",/~ 



/ 

/ 

/ Lrntel 

WlndOW 
o~nlng 

900.900 

/ Llnlel 

door 
openlng 

900.1800 

LlNTEL 

E = 20581 NI mm2 

~=0.2 

FRA ME 200.200 

E= 20581 N/mm 2 

~= 0.2 

INFILL 2700.2700 

E( = 6860 N/mm 2 

~ = 0.15 

t = 200 mm 

FIG.1 . INFILLED FRAME WITH WINDOW AND 
DOOR OPENINGS. 
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FIG. 2. FINITE ELEMENT DISCRETIZATION. 
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FIG. 3. VARIATION OF STRESSES IN THE LlNTEL 
OVER WINDOW OPENING (WS1) 
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FIG. 4 . VARIATION OF STRESSES IN THE LlNTEl 
(DS1) OVER DOOR OPENING. 
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Solid in!i 11 

----------- -- ~h =7. 04D 

Window opening 
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Door opening 
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E I 01 ilntel k N _ m2 

El1 =43.74 kN_m2 

2 EI2 = 349.98 kN_ m 
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EI4 = 2799.99 kN_m2 

FIG.5. VARIATION OF LATERAL STIFFNESS WITH 
THE RIGIOITY OF LlNTEL (SEPARATlON) 
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