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Six journal papers are selected to understand the behaviour of in filled frames 
subjected to earthquake force. It is observed that a large number of buildings in India are 
constructed with masonry in fills for functional and architectural reasons. Masonry in fills 
are normally considered as non-structural elements and their stiffness contributions are 
generally ignored in practice. However, infill walls tend to interact with the frame when 
the structure is subjected to lateral loads, and also exhibit energy-dissipation 
characteristics under seismic loading. Masonry walls contribute to the stiffness of the 
infill under the action of lateral load. The term ‘in filled frame’ is used to denote a 
composite structure formed by the combination of a moment resisting plane frame and 
infill walls. The infill may be integral or non-integral depending on the connectivity of 
the infill to the frame. In the case of buildings under consideration, integral connection is 
assumed. The composite behaviour of an in filled frame imparts lateral stiffness and 
strength to the building. ANSYS software is used to study the behaviour, results are 
compared and conclusions were drawn.  
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------------------------------------------------------------------------------------------------------------
I. Introduction 

The most commonly used structural system in our country for almost all types of 
building are multi-storey reinforced concrete frames with masonry in fills. Therefore it is 
essential to understand the seismic behaviour of these structures when subjected to lateral 
forces. Several research works has been done on the masonry in filled reinforced concrete 
frames in the past decades. Mortar is used as a binder in normal brick construction in 
order to create continuous structural form and to bind together the individual units in 
brickwork. In the present study, analysis has been carried out by considering the increase 
in height of building from five to ten storied by using finite element software ANSYS 
14.5. The seismic analysis of multi-storeyed building frames with infill walls and without 
infill walls are conducted. 3D analysis will give more realistic values of deflection and 
stresses. Since this type of study is not feasible in terms of analysis time taken, 2D model 
was adopted for the present study. A three bay two dimensional building frame is 
considered with the number of stories varying from 5 storied to 10 storied. The loading 
applied is as per IS 1893 - 2002. Equivalent diagonal strut method is adopted for 
modelling infill walls. The results showed that there is considerable decrease in 
deflection when in fills are used in RC frames. 

 

Abstract 
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I.I. Different ways of seismic design of masonry in filled RC frame buildings. 

• In fills are adequately separated from the RC frame such that they do not interfere 
with the frame under lateral deformations. The entire lateral force on the building is 
carried by the bare RC frame alone. 

• In fills are built integral with the RC frame, but considered as non structural elements. 
The entire lateral force on the building is carried by the bare RC frame alone. This is 
the most common design practice in the developing countries. 

• In fills are built integral with the RC frame, and considered as structural elements. 
The in-plane stiffness offered by the infill walls is considered in the analysis of the 
building. The forces from this analysis are used in the design of RC frame members 
and joints 

 
I.II .Influence Of Masonry Infill walls 

Significant experimental and analytical research effort has been expended till date in 
understanding the behaviour of masonry in filled frames. In fills interfere with the lateral 
deformations of the RC frame; separation of frame and infill takes place along one 
diagonal and a compression strut forms along the other. Thus, in fills add lateral stiffness 
to the building. The structural load transfer mechanism is changed from frame action to 
predominant truss action (Figure 1); the frame columns now experience increased axial 
forces but with reduced bending moments and shear forces. When in fills are non-
uniformly placed in plan or in elevate on of the building, a hybrid structural load transfer 
mechanism with both frame action and truss action, may develop. In such structures, 
there is a large concentration of ductility demand in a few members of the structure. For 
instance, the soft-storey effect (when a storey has no or relatively lesser in fills than the 
adjacent storeys), the short-column effect (when in fills are raised only up to a partial 
height of the columns), and plan-torsion effect (when in fills are unsymmetrically located 
in plan), cause excessive ductility demands on frame columns and significantly alter the 
collapse mechanism. Another serious concern with such buildings is the out-of-plane 
collapse of the in fills which can be life threatening. Even when the in fills are 
structurally separated from the RC frame, the separation may not be adequate to prevent 
the frame from coming in contact with the in fills after some lateral displacement; the 
compression struts may be formed and the stiffness of the building may increase.  

 

 
 

(a) Frame action in bare frame  (b) Predominant truss action in infilled frame 
Fig. 1 Change in the lateral load transfer mechanism owing to inclusion of masonry 

infill walls. 
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In fills possess large lateral stiffness and hence draw a significant share of the lateral 

force. When in fills are strong, strength contributed by the in fills may be comparable to 
the strength of the bare frame itself.  

 
I.III.Failure Modes Of Masonry Infilled RC Frames 
 
Depending on relative properties of frame and infill, failure modes of masonry infilled 

frame show variety. In other words, failure can occur in the frame elements or in the 
infill. In estimating the lateral strength and lateral stiffness of masonry infilled frame, it is 
necessary to find the most critical of the various modes of failure of the frame and infill. 
The usual modes for frame failure are tension failure of surrounding column elements or 
shear failure of the columns or beams. These modes are given in Figure 2. (Taken from 
[1]). Tension failure of the column results from applied overturning moments. Such mode 
may be critical one in infilled frames with high aspect ratio and with very rigid frame 
elements. The tension steel acts as a flange of the composite wall. However, in case of 
weak frame element, dominant modes of failures are flexural or shear failure of column 
or beams at plastic hinge locations. However, if the frame strength is enough to 
withstand, increasing lateral load results in failure of infill. In addition to that, the failure 
may be a sequential combination of the failure modes of frame and infill. For example, 
flexural or shear failure of the columns will generally follow a failure of infill. In both 
case, failure modes of infill show variety depending on geometric and material properties. 
Failure of the infill occurs by one of the following modes; 

a) Shear cracking along the interface between the bricks and mortar 
b) Tension cracking through the mortar joints and masonry 
c)  Local crushing of the masonry or mortar in compression corner of the infill. 

  Failure modes of infill are presented in Figure 2. 
 
The mode of failure of an infilled building depends on the relative strengths of frame 

and infill (Table 1). And, its ductility depends on the (a) infill properties, (b) relative 
strengths of frame and infill, (c) ductile detailing of the frame when plastic hinging in the 
frame controls the failure, (d) reinforcement in the infill when cracking in infills controls 
the failure, and (e) distribution of infills in plan and elevation of the building. 

 
 Weak Infill Strong Infill 

Weak 
Frame 

- 

•Diagonal 
cracks in 

infill 
•Plastic 

hinges in 
columns 

Frame 
with Weak 

Joints 
and Strong 
Members 

•Corner 
crushing of 

infills 
•Cracks in 

beam column 

•Diagonal 
cracks in 

infill 
•Cracks in 

beam 
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Table 1: Modes of failure of masonry infilled RC frames

Fig. 2
 
 

 

I.IV.Behaviour of  

The composite behaviour of an infilled frame imparts lateral stiffness and strength to 
the building. The typical behaviour of an infilled
illustrated in Fig. 1 (a) and (b).

I.V. Determination 
There are two methods for determination of equivalent diagonal strut width as follows;
1. Smith & carter’s method
2. Equivalent Diagonal Strut Method
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joints column 
joints 

Strong 
Frame 

•Horizontal 
sliding in 

infills 
- 

Table 1: Modes of failure of masonry infilled RC frames 

 

 

 
 

Fig. 2Failure Modes of Reinforced Concrete Frame

 

Fig. 3 Behaviour of Infilled Frames 
 

 Infilled Frames 

The composite behaviour of an infilled frame imparts lateral stiffness and strength to 
the building. The typical behaviour of an infilled frame subjected to lateral load is 
illustrated in Fig. 1 (a) and (b). 

Determination of Equivalent Diagonal Strut Width 
There are two methods for determination of equivalent diagonal strut width as follows;

Smith & carter’s method 
Equivalent Diagonal Strut Method 
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Failure Modes of Reinforced Concrete Frame 

The composite behaviour of an infilled frame imparts lateral stiffness and strength to 
frame subjected to lateral load is 

There are two methods for determination of equivalent diagonal strut width as follows; 
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3. FEMA 273 method 

I.VI.Smith & Carter’s Method 

Determination of equivalent strut width gives a chance to estimate the behaviour of 
infilled frame. With known value of equivalent width, the strength and the stiffness of 
frame with infill wall may be included in the lateral load resistance of the structure. More 
than one parameter affects the equivalent strut width. First one is geometric properties of 
infill. Panel proportion and panel height are important parameters. The failure mode 
changes according to surrounding frame stiffness in addition to separate properties, 
relative properties of frame and infill take important role on equivalent strut width. 
Furthermore, diagonal stiffness and strength of an infill panel directly depend on its 
contact length with surrounding frame. The contact length, a , can be related with the 
relative stiffness of the infill to frame. The approximate equation is given below, 

 
 
In Equation is a non-dimensional parameter expressing the relative stiffness of the 

frame to the infill. l is an empirical parameter and given as 

 
 

I.VII Equivalent Diagonal Strut Method 

From previously conducted several studies it showed that Equivalent diagonal strut 
method can be used for modelling the brick infill wall to easily represent the effect of in-
plane action during lateral load. Infill walls are analytically replaced by equivalent 
diagonal struts [3]. Considering single diagonal strut for modelling infill and it carries 
only compression forces. The end points of the strut connected to the frame is pin jointed 
to avoid the moment from frame to infill. In this method the infill wall is idealized as 
diagonal strut and the frame is modelled as beam or truss element. The idealization is 
based on the assumption that there is no bond between frame and infill. The width of the 
diagonal strut is given as 
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Fig.4 Diagonal strut modelling method of the infill panel 
 
I.VIII.Fema 273 Method 

The procedure given in this section is applicable to any type of masonry infill, i.e. 
existing masonry infill, enhanced panel for seismic rehabilitation and new panel added to 
an existing frame. All types of masonry infill panels shall be considered as primary 
elements of lateral force resisting system. Stiffness contribution of unreinforced masonry 
infill shall be represented as an equivalent compression 

Strut. The strut has the same thickness and modulus of elasticity as the infill panel it 
represents. And the equivalent width, a, can be determined by, 

 

 

Where; 

hcol: Column height between centrelines of beam 

hinf: Height of infill panel 

Efr: Expected modulus of elasticity of frame material 

Einf: Expected modulus of elasticity of infill materials 

Icol: Moment of inertia of column 

rinf: Diagonal length of infill panel 

tinf: Thickness of infill panel and equivalent strut 

q : Angle whose tangent is the infill height-to-length aspect ratio, in radians. 

   I.IX Analysis Of R/C Frames with Infill Walls 

II. Finite element analysis 

II.I. Material Properties of the Model 
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Material properties of Concrete  

Type of material – Isotropic Weight per volume, 

Density = 25 kN/m3  

Compressive strength = 25 N/m2 

 Modulus of Elasticity = 22000 N/mm2 

Poissons ratio = 0.15 

Material properties of Solid Brick infill  

Type of material – Isotropic Weight per volume, 

 Density = 20 kN/m3 

Compressive strength = 12 N/m2 

 Modulus of Elasticity = 8280 N/mm2 

 Poisson’s ratio = 0.16  

II.II Choosing Element Type 

In order to analyse the model, it is required to specify an adequate element type for 
mesh generation in ANSYS 14.5. Here the element used is BEAM 188 for modelling the 
beams and columns and LINK 180 for modelling the diagonal struts.  

II.III Modelling and Meshing of the Model 

The RC frames are fully modelled in software using key points at every corners. The 
key points are then connected together by means of straight lines. Following datas are 
used in the analysis of the RC framed building models. 

Size of beam: 300 x 300 mm  

Size of Column: 300 x 300 mm  

Spacing between frames: 3500 mm  

Height of the storey: 3.5 m  

The finite element discretization was done by using line meshing.  

II.III Applying Boundary Conditions 

The frames are fixed at the bottom. All the degrees of freedom of the displacement are 
restrained against movement. 

II.IV Applying Loading Conditions 

Loading is done as per IS 1893: 2002.The total lateral force or design seismic base 
shear is calculated by using expression  

VB = Ah W (Clause 7.5.3) 

VB = Design seismic base shear as per IS 1893(Part I): 2002 

 Ah = Design horizontal acceleration spectrum value  
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The design horizontal seismic coefficient A
expression (Clause 6.4.2) 

Where, Z, Zone factor = 0.16 

I, Importance factor = 1

Sa/g , Average response acceleration coefficient = 2.5 (Clause 6.4.1) Seismic zone : 
III  

Type of frame: Ordinary RC moment resisting frame 

R, Response reduction factor = 3 

Design lateral force at it floor may be calculated by

 

Qi = Design lateral forc

Wi = Seismic weight of floor i

Hi = Height of floor i measured from base

 

 
Fig.5 Ten storied frame by applying loading condition

 
II.V Analysis of the Models

For the analysis static non linear 
analysis is the method used for determining the earthquake respo
systems.  

III.Results 
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The design horizontal seismic coefficient Ah shall be determined by the following 
(Clause 6.4.2)  

 

Where, Z, Zone factor = 0.16  

I, Importance factor = 1 

Sa/g , Average response acceleration coefficient = 2.5 (Clause 6.4.1) Seismic zone : 

Ordinary RC moment resisting frame  

R, Response reduction factor = 3  

Design lateral force at it floor may be calculated by 

 

= Design lateral force at floor i 

= Seismic weight of floor i 

= Height of floor i measured from base 

 

Ten storied frame by applying loading condition storied frame by
loading condition 

Analysis of the Models 

For the analysis static non linear analysis is performed on the models. Nonlinear 
analysis is the method used for determining the earthquake respo
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shall be determined by the following 

Sa/g , Average response acceleration coefficient = 2.5 (Clause 6.4.1) Seismic zone : 

storied frame by applying 

analysis is performed on the models. Nonlinear 
analysis is the method used for determining the earthquake response of the structural 
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In this study, the effect
multistoried buildings is
framed structures with solid and bare frame as the height of the building increases. The 
effects of infills on the maximum displacement of the frames with medium to high rise 
buildings are considered for the analysis. Deflections are one of the most important 
parameter to be considered in the design and analysis of a tall building. Therefore 
deflections for Earthquake loads have been studied according to equivalent strut method
for different cases and comparisons are made. The 6 cases adopted for the modelling are 

1.) 3 bay 10 storied 2D frames with solid and bare frames 

2.) 3 bay 9 storied 2D frames with solid and bare frames 

3.) 3 bay 8 storied 2D frames with solid and bare frames 

4.) 3 bay 7 storied 2D frames with solid and bare frames 

5.) 3 bay 6 storied 2D frames with solid and bare frames 

6.) 3 bay 5 storied 2D frames with solid and bare frames 
discussed like lateral displacement and Storey drift

III.I Lateral Displacements

It is the displacements caused by the Lateral Force on each storey level of the 
structure. Lateral displacements will be more on top storeys. 

III.II Storey Drift  

It is the displacement of one storey level with respect to the next level above or below. 
As per IS 1893 (Part 1):2002, the storey drift shall not exceed 0.004 times the storey 
height. The inter storey drift is one of the commonly used damage parameter. The inter 
storey drift is defined as Where, is the relative displacement between successive storey 
and is the storey height

III.III. Comparison

 
Fig.6 
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effect of solid brick infill walls on the seismic performance of the 
buildings is studied in detail. A comparative study is carried out on 2D infill 

framed structures with solid and bare frame as the height of the building increases. The 
effects of infills on the maximum displacement of the frames with medium to high rise 
buildings are considered for the analysis. Deflections are one of the most important 
parameter to be considered in the design and analysis of a tall building. Therefore 
deflections for Earthquake loads have been studied according to equivalent strut method
for different cases and comparisons are made. The 6 cases adopted for the modelling are 

1.) 3 bay 10 storied 2D frames with solid and bare frames  

2.) 3 bay 9 storied 2D frames with solid and bare frames  

3.) 3 bay 8 storied 2D frames with solid and bare frames  

4.) 3 bay 7 storied 2D frames with solid and bare frames  

5.) 3 bay 6 storied 2D frames with solid and bare frames  

6.) 3 bay 5 storied 2D frames with solid and bare frames the following parameters 
discussed like lateral displacement and Storey drift 

Lateral Displacements 

It is the displacements caused by the Lateral Force on each storey level of the 
structure. Lateral displacements will be more on top storeys.  

 

e displacement of one storey level with respect to the next level above or below. 
As per IS 1893 (Part 1):2002, the storey drift shall not exceed 0.004 times the storey 
height. The inter storey drift is one of the commonly used damage parameter. The inter 
storey drift is defined as Where, is the relative displacement between successive storey 
and is the storey height 

Comparison of Results 

 

Fig.6 Maximum deflection in ten storied bare frame

07, June 2017 Special Issue (02) 

I S S N  2 2 4 9- 9 5 9 8 
 

Page 300 

of solid brick infill walls on the seismic performance of the 
studied in detail. A comparative study is carried out on 2D infill 

framed structures with solid and bare frame as the height of the building increases. The 
effects of infills on the maximum displacement of the frames with medium to high rise 
buildings are considered for the analysis. Deflections are one of the most important 
parameter to be considered in the design and analysis of a tall building. Therefore 
deflections for Earthquake loads have been studied according to equivalent strut method 
for different cases and comparisons are made. The 6 cases adopted for the modelling are  

following parameters are 

It is the displacements caused by the Lateral Force on each storey level of the 

e displacement of one storey level with respect to the next level above or below. 
As per IS 1893 (Part 1):2002, the storey drift shall not exceed 0.004 times the storey 
height. The inter storey drift is one of the commonly used damage parameter. The inter 
storey drift is defined as Where, is the relative displacement between successive storey 

Maximum deflection in ten storied bare frame 
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Fig.7
 

Fig.8

Fig.6 

IV Conclusions 

From the seismic analysis following conclusions are drawn 

• Equivalent diagonal strut method can be adopted for modelling Brick infill walls. 

• 3D Analysis gives more realistic values of deflection and stresses. Since this type of 
study is not feasible in terms of analysis time taken, we have adopted 2D model for 
the present study.  

•  Deflection in case of bare frame is very large, when compared to solid brick infill 
conditions.  

•  Effect of number of Storey 

i. As number of Stores increases, there are additional lateral acting loads added for 
increased story level. As a 
increases gradually. 
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Fig.7 Maximum deflection in ten storied frame with infills

 

Fig.8 Maximum deflection in nine storied bare frame

 

Fig.6 Maximum deflection in nine storied frame with infills

From the seismic analysis following conclusions are drawn  

Equivalent diagonal strut method can be adopted for modelling Brick infill walls. 

3D Analysis gives more realistic values of deflection and stresses. Since this type of 
study is not feasible in terms of analysis time taken, we have adopted 2D model for 

 

Deflection in case of bare frame is very large, when compared to solid brick infill 

Effect of number of Storey  

As number of Stores increases, there are additional lateral acting loads added for 
increased story level. As a result, the maximum top deflection of the building 
increases gradually.  
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Maximum deflection in ten storied frame with infills 

Maximum deflection in nine storied bare frame 

Maximum deflection in nine storied frame with infills 

Equivalent diagonal strut method can be adopted for modelling Brick infill walls.  

3D Analysis gives more realistic values of deflection and stresses. Since this type of 
study is not feasible in terms of analysis time taken, we have adopted 2D model for 

Deflection in case of bare frame is very large, when compared to solid brick infill 

As number of Stores increases, there are additional lateral acting loads added for 
result, the maximum top deflection of the building 
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ii.  The maximum deflection of each stores are very much reduced when infill wall 
panels are used.  
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