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Abstract- In India, it is a common practice to provide masonry in-fill as a non-participating member in multi-storeyed 
buildings. However, it is well known that such in-fills do contribute significantly in lateral load resistance. A parametric study 
on the lateral load response of the multi-storeyed RC framed system with ACB masonry in-fill has been presented. The 
parameters include the span of the bay, effect of openings and effect of open ground floor. Finite element analysis has been 
adopted for this study to estimate the lateral drift, stresses in the in-fill and the moments developed in the RC members. In order 
to evaluate the relative merits of ACB masonry in-fill vis-à-vis the conventional concrete block masonry in-fill, the same 
building system was modelled with the properties of concrete block masonry as well. The outcome of the analysis has been 
presented with a particular focus on highlighting the relative merits of adopting ACB masonry as an in-fill. 
 
Index Terms- ACB Masonry, Lateral Load, Masonry In-Fill, (MI-RC) Frames, Modal Participation.  
 
I. INTRODUCTION 
 
Masonry in-filled reinforced concrete (MI–RC) 
frames have become the most common type of the 
construction system adopted for moderate to high-rise 
building in urban India. MI–RC is a structural system 
in which the RC frame predominately carries almost 
all the loads, including that of the self-weight of the 
in-fill masonry. However, when it comes to lateral 
loads, one cannot neglect the strength and stiffness of 
the in-fill masonry. Here, this interaction between MI 
and RC frames places a very important role. 
In practice, the RC frames are cast initially, and later 
the in-fill masonry is quite literally filled between the 
column and beams of the frames wherever it is 
functionally necessary. There is no special effort to 
achieve any kind of structural connection between MI 
and the neighbouring RC frame. As a consequence of 
which the contribution of MI withstanding vertical 
loads is almost negligible. Hence, they can be 
considered as non-participating planar elements. On 
the other hand, when the buildings are subjected to 
lateral load, the sway of the frame induces the in-fill to 
participate.  
Depending upon the strength, stiffness and the 
interface properties, the effect can vary from partially 
significant to highly significant. Adding to the 
complexity of this system under lateral load is the 
presence of openings, its geometry and location. 
In design, however, the general practice is to consider 
only the self-weight of MI neglecting strength and 
stiffness. It is here that ACB masonry can be expected 
to play a very significant role, since its unit weight is 
one-third of that of conventional masonry. This is 
beneficial to the building system, since the bending 
moment and shear force reduces drastically when 
compare to conventional MI. 

 
When it comes to lateral load, it is the stiffness which 
plays a very important role followed by the shear 
strength of MI. Again ACB masonry in-fill is expected 
to play a significant role in lateral load response, 
because its stiffness is quite high as vis-a-vis its unit 
weight. 
 
II. REVIEW OF LITERATURE 
  
The concept of modelling MI as a diagonal strut was 
introduced by Bryan Stafford Smith [1–4]. A method 
was proposed to evaluate the stiffness and the width of 
the diagonal strut to be used in the MI–RC frame 
analysis. 
It appears that there is a paucity of literature on the 
behaviour of MI–RC frames with reference to the 
Indian context. The study indicates that there is no 
consensus on the values of fundamental natural period 
of vibration calculated from different codes and 
regarding to response reduction factors, allowable 
drifts, etc. None of the codes has discussed the effect 
of openings on the strength and stiffness of MI.  
Two important issues which are scantly addressed in 
the literature are: 

1. the performance of RC frames with ACB 
masonry in-fill, 

2. the issue of the existence of a structural gap 
between the top of MI and soffit of RC beam. 

The second issue is of particular importance in the 
Indian construction practice wherein, as already 
mentioned, the MI is seldom structurally connected to 
the neighbouring RC frame. As a consequence of this, 
the popular diagonal strut model which is adopted in 
the developed countries may not be applicable in the 
Indian context. It is also important to highlight that the 
experiment on cyclic load response of ACB MI–RC 
frame, reflects the Indian construction practice. 
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III. METHODOLOGY 
 
The entire parametric study is carried out keeping in 
mind the typical multi-storeyed building system in 
India. In the present work, a typical 3-bay 5-storeyed 
building system is considered to study and compare 
the structural performance of ACB in-filled MI–RC 
frame. Two cases have been considered here, i.e., 

1) a nominal bay width of 4 m, 
2) relatively longer bay width of 6 m. 

 
A typical structural plan configuration of such a 
building is shown in Fig. 1  
 

 
Fig. 1 Typical plan of theMI–RC building. 

 

 
Fig. 2 Schematic diagram of bare RC frame with concrete block 

masonry as dead load (4 and 6 m spans). 
 
All the other parameters such as openings, open 
ground storey and type of MI have been included in 
those two models parametrically. Figs. 2 show the 
representation of parametric study, while Table 1 
represents the details of the parametric study and the 
nomenclature allocated for the parameters. 
The entire parametric analyses have been carried out 
using a general purpose commercially available Finite 
Element package (NISA) [5].The processor, which is 
the core of the software, is based on matrix method of 
analysis. 
Fig.3 shows the FE model of the frames chosen for 
parametric studies. It can be noticed that the common 
nodes of RC and the neighbouring in-fill material are 
merged to establish computability. While the beams 
and columns have been modelled as three-dimensional 
beam elements with each node having 6 degrees of 
freedom, the masonry wall is modelled as quadrilateral 
general shell elements with each node having all the 6 
degrees of freedom.  

 
Table1 Nomenclature of the models chosen for parametric study. 
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Fig. 3 Typical FE model of bareRC frame (4 and 6 m spans). 

 
A. Storey lateral force calculation using IS: 
1893-2002 
The fundamental natural period of the frame 
determined by Eigen value analysis has been used to 
arrive at the design horizontal seismic coefficient (Ah). 
The design base shear on the frames analysed have 
been calculated. The lateral forces on the frames have 
been calculated by two methods namely, the equivalent 
static lateral load method and the modal participation 
method.  
 
B. Calculation of design lateral force at the storey by 
equivalent lateral load method 
Typical calculation of the design lateral force at the ith 
storey for the frame modelled is as under: 
Fundamental period from IS: 1893-2002 [6]Ta = 
0.075h0.75, 
Sa/g=2.5 (maximum), 

 
Seismic weight W is calculated considering full DL 
and 25% LL on floors and no LL on terrace (as per IS: 
1893-2002) [6], 
Base shear =Vb=AhW 

Design lateral force =Qi=Vb ,                       (2)                                                       

whereWi is the seismic weight of the ith floor/storey, hi 
is the height of floor ‘i’ from the base, n is the number 
of floors (=5 in the present study), and Qi is the design 
lateral force at the ithstorey. 

 
C. Calculation of design lateral force at the storey by 
modal participation method 
A typical calculation of design lateral force at the ith 
storey for a bare frame is as follows. 
As per the codal provisions, only two modes were 
considered since the sum of the modal mass of the two 
modes was more than 90% of the seismic mass. 
The lateral force in the  

kth mode at the ith storey = Qik= (AhkPkФikWi),  (3) 
Where,Ahkis the design horizontal seismic coefficient 

of the kthmode =  

Pk is the modal participation factor of the kth mode,  
Фik is the mode shape coefficient at floor ‘i’ at the kth 
mode and  Wi is the seismic weight of the ith floor. 
The peak shear force in each mode has been calculated 
using relation: 

 

Finally, the peak storey shear at the ith storey due to all 
the modes has been obtained by combining the shears 
due to each mode in accordance with the modal 
participation using the SRSS method as follows: 

 
Where r is the number of modes considered.  
It is to be noted that the values of storey lateral forces 
have been computed by both the above-mentioned 
methods as suggested by the code. The maximum 
stress resultants and the lateral drifts presented in the 
results, however, correspond to the absolute maximum 
case.    
 
IV. RESULTS AND DISCUSSION 
 
The major objective of this study was to evaluate the 
performance of RC frames with ACB in-fill, with a 
background of identifying the relative structural merits 
and demerits vis-a-vis when the frame is in-filled with 
conventional heavy concrete block masonry. Another 
aspect which has been dealt extensively here is the 
effect of certain parameters such as provision of 
openings in the wall, open ground floor, effect of span, 
complete in-fill etc.  
To start with, a bare RC frame was modelled by 
considering the imposition of dead load of concrete 
block masonry and later by ACB masonry. Later this 
frame was used for imposing the parameters of the 
study. The focus of the study is on response of the 
models under lateral loads which is very important in 
the present context of multi-storied building analysis 
and design. 
The following section discusses the structural 
responses of the models of the parametric study: 
 
A. Lateral deformation 
Figs. 4 show the lateral deformation of the frames of 
the parametric study. 

 
Fig. 4 (a). Deflection profile 

 

 
Fig. 4 (b). Lateral displacement of 6.0 m spans  

MI–RC with in-fill, openings and open ground floor 
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(Maximum displacement=0.0136m for concrete block 
masonry and 0.0098 m for ACB masonry). 
 
B. Normal stress (yy normal-to-bed joints) in in-fill 
masonry. 
The lateral deformation of the frames causes a 
combination of normal stress (normal-to-bed and 
parallel-to-bed joints) and in-plane stresses. The 
normal stresses are caused due to the in-plane bending 
of the in-fill masonry. This is similar to the action in 
deep beams. The normal stress distribution in in-fill 
masonry shown in Fig. 5.  

 

 
Fig. 5. Typical normal stress (yy) contour of ACB masonry 

in-filled RC frame. 
 
C. Maximumshear stress (txy) in in-fill masonry 
Just like the lateral deformation tends to cause the deep 
beam action in the in-fill, the deformation pattern 
forces the in-fill to develop in-plane shear stresses. The 
in-plane shear stress may manifest in the development 

of racking shear failure or horizontal shear failure. 
Here again, because of the relatively larger stiffness of 
ACB in-fill compared to concrete block masonry, the 
maximum shear stress in ACB masonry in-fill is 
marginally higher. These are noticed in Fig. 6.  

 

 
Fig. 6 Typical maximum shear stress (txy) contour of ACB 

masonry in-filled RC frame. 
 
D. Bending moments in RC frame 
Table 2 presents the magnitude of absolute maximum 
bending moment in the frame of the models analyses. 
Some very interesting results can be noticed from these 
values. 
For all the parameters of frames when concrete block 
masonry is replaced by ACB masonry, the absolute 
maximum bending moment reduces. 

 
Table 2 Summary of absolute maximum bending moment in RC frame. 
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This is an indication of the benefit of ACB masonry 
in-fill, mainly due to its low unit weight and as a 
consequence of which, the lateral force is also lower. It 
is also interesting to note the contrast with stress 
pattern, as mentioned earlier. While ACB attracts more 
stresses in itself, the bending moment in the RC frame 
is minimized. Thus, it may be stated that ACB masonry 
mitigates the possible damage on the predominant 
load-bearing member of a building system, i.e., the RC 
frame. 
It can be noticed that frames analysed as bare RC 
systems with in-fill considered as dead load, 
experience maximum bending moments. It is to be 
expected, since the stiffness effects cannot be 
accounted in such a type of analysis. This one can 
conclude that designs based only on dead load 
imposition are grossly on the higher side and thus the 
design becomes un-economical. Here also, the 
replacement of heavy concrete block masonry by ACB 
masonry has resulted in extremely low amounts of 
vertical reaction components in the columns. 
Some other important results are, as the bay width 
increases from 4.0 to 6.0m, the bending moment also 
increases and this is to be expected. Also, expectedly, 
the frames of the building system with open ground 
floor exhibit larger bending moments when compared 
to that of all the storeys being in-filled. Indeed, this is 
true whether the in-fill is completed or with openings. 
 
CONCLUDING REMARKS 
 

1. When the in-fill is considered only as a dead load, 
the frame is to be analyzed as a bare frame and as 
such the lateral deformations are maximum, since 
the in-fill stiffness is neglected. Such an analysis 
can lead to over-estimation of bending moments in 
the RC members and the same was noticed here 
also. 

2. Expectedly, the replacement of concrete block 
masonry by ACB masonry reduces the lateral 
deformations for all the parameters chosen. It 
should be noted that although the modulus of 
elasticity of concrete block masonry is more than 
that of ACB masonry, the reduction in the seismic 
weight lowers the attraction of storey level forces 
and hence reduces the lateral deformation. 

3. As the bay width increases, the lateral deformation 
increases and this is a very important parameter to 
be retained for ductile detaining aspects. 

4. Provision of open ground floor increases the 
lateral deformation significantly, and most of the 
deformations are concentrated in the ground 
storey. 

5. Expectedly, when the frames are in-filled 
completely, the overall stiffness increases 
significantly and thus reduces the lateral 
deformations, as expected. 

6. The normal stresses in ACB masonry are 
relatively more than that of concrete block 
masonry although the deformations are less. This 
is due to the effect of relative stiffness of RC and 
in-fill. 

7. Normal stresses are concentrated near the corners 
of the openings, while the maximum shear stresses 
are concentrated at the mid-height of the in-fill 
masonry. This may lead to excessive direct shear 
on the column of the RC frame and the same was 
noticed in the experiments also. 

8. An important highlight of the study is the 
significant reduction in bending moments when 
concrete block masonry is replaced by ACB 
masonry. Thus, it may be concluded that the use of 
ACB will manifest not only structural benefits but 
also in economical terms.  
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