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Abstract:  

Masonry infill strength and column flexural, shear reinforcement are the influencing factors 

in the lateral performance of infilled frame. Various numerical and experimental studies 

performed in the past decades bring out the beneficial and adverse effects of masonry infilled 

frame. In this numerically study masonry of different strengths i.e., Concrete Masonry Unit 

(CMU), Clay Brick (CB), Flyash brick (FA) and Aerated Autoclaved Concrete block (AAC) 

have been used as infill in a reinforced concrete frame and the behaviour is observed. 

Similarly, for strong masonry, CMU infilled frame, the flexural and shear reinforcement of 

column has been varied. From the numerical analysis performed it has been observed that 

irrespective of the masonry strength all the specimens showed predominant flexural failure 

of column whereas CMU infilled frame with a flexural reinforcement of 6.4% failed by 

shear. It is concluded that when the shear capacity of the frame is more than the flexural 

shear capacity of the frame the failure mode is observed to be flexure.  From the conclusions 

a simple and effective analytical method for the identification of shear failure in column 

considering the influence of masonry strength has been proposed. 

Keywords: Failure Pattern, Flexural shear capacity, Infill frame, Masonry strength, Shear 

capacity. 

 

1. INTRODUCTION 

The effect of masonry infill on the behavior of Reinforced Concrete (RC) frames subjected to lateral 

loading has been experimentally and numerically studied by many researchers over the past decades.  

Both detrimental (Mehrabi et. al., 2003, Basha et. al., 2016) and beneficial (Al Louzi et. al., 2015, 

Smith et. al., 1967, Calvi et. al., 2001) effects of the influence of masonry on the structure have been 

reported.  The behaviour of RC infilled frames were experimentally by considering various parameters 

like design of the RC frame, strength of bricks, aspect ratio, vertical loading on columns and beam, 

type of horizontal loading and number of bays (Mehrabi et. al., 1996).  The main outcome of this study 

was the classification of failure patterns that could occur in a RC frame infilled with masonry wall, 

subjected to lateral loading.  Murthy et. al. (2000) conducted experimental investigations to study the 

behaviour of twelve single bay single storey RC frames infilled with masonry wall.  The specimens 

were half scaled and were tested under cyclic loading.  The parameters varied were the reinforcement 

and the brick size.  From the experiments it was concluded that the presence of infills increased the 

dissipation capacity when compared to bare RC frames.  It was also observed that the masonry infills 

walls increased the stiffness of the infilled RC frames thereby reducing the deflection.  Experimental 

study was carried out by Colangelo (2005) on the behaviour of thirteen single storey, single bay 

specimens.  The parameter considered was change in design of the frame of specimens.  The test frames 

included both ductile and non-ductile design criteria.  It was concluded that the stiffness of the infilled 

specimens were greater than the stiffness of the bare frame.  It can be concluded from these 
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experimental studies that masonry infill is beneficial in increasing the stiffness of a RC frame under 

lateral loading and also alters the failure mode of RC frame. 

Investigations on the behaviour of half-scaled RC infilled frames were conducted both experimentally 

and numerically by Al-Charr et. al. (2002).  The parameters considered were masonry strength and 

number of bays.  It was observed that masonry infill increased the lateral stiffness of the specimens in 

comparison with the bare frame specimens. Experiments were conducted by Kakletsis et. al. (2008) on 

seven single bay, single storey specimens which were scaled to one-third of the prototype.  The 

variation in masonry strength and openings in masonry infills were considered as parameters for this 

study.  It was concluded that contribution of infills in energy dissipation was greater when compared 

to contribution to strength.  Experimentally study on the behaviour of single bay, single bay RC frames 

infilled with different types of masonry was performed by Zovkic et. al. (2013).  Irrespective of the 

strength of the infill, there was an increase in the stiffness due to the masonry infill.  Experiments were 

performed on four full-scaled single storey, single bay specimens by Huang et. al. (2016).  Three types 

of masonry namely solid clay bricks, hollow clay bricks and aerated concrete blocks were used for the 

experiment.  It was concluded that the infilled frames performed better than the bare frame in terms of 

strength and stiffness and also the performance of all specimens were discussed concluding that the 

specimen with hollow clay bricks suffered severe damage during testing.  The failure patterns of the 

specimens at different stages of drift were given.  The behaviour of five half scale single storey, single 

bay specimens were experimentally studied by Alwashali et. al. (2019) in which the parameters 

considered were the mortar strength and Beta Index (ratio of strength of frame to infill).  The specimen 

with higher Beta index had better seismic capacity.  Experimentally investigations on two full-scale 

masonry infilled RC frames under cyclic loading were carried out by Wararuksajja et. al. (2020).  A 

design strategy has been proposed for local failure elimination in frames due to the resistance of the 

masonry infills. 

Numerically investigations were performed to study the effect of masonry infills on RC frames (2017).  

Large parametric studies of the previous experimental investigations were collected and a simplified 

relation was proposed with relative stiffness and relative strength of infill to frame.  The proposed 

relation can be used to predict and avoid shear failure of columns in structures.  A review study was 

conducted on various modelling approaches like micro, meso and macro modelling for capturing the 

non-linear behaviour of masonry (Nasiri et. al., 2017, Hak et. al., 2012, Nicola et. al. 2015).  It was 

concluded that macro modelling techniques were not effective in capturing the frame-infill interactions 

though it has the advantage of simplicity in design and computation.  Numerical studies were 

conducted on behaviour of many RC infilled frames with varying parameters of infills and horizontal 

loading using finite element modelling by Mohamed et. al. (2018).  It was concluded that finite element 

modelling can be adopted to capture the non-linear behaviour of masonry infilled RC frames, can be 

used as an alternative to the experimental investigation of physical specimens.  Numerical study on   

twenty-three specimens from various experimental investigations using ABAQUS software was 

conducted by Al Louzi et. al. (2018). In order to identify the failure of masonry infilled RC frames, 

the parameters relative strength and relative stiffness of the specimens were used to propose a simple 

methodology. To define the shear and flexure failure patterns in specimens, a new hysteric model was 

developed. 

From the above literature review, it was perceived that many experimental investigations have studied 

the beneficial effect of masonry infill and how it alters the failure of RC frames. Few notable works 

only suggested the shear failure in columns due to the presence of masonry infills. In this work an 

attempt has been made to study the failure mode of column by varying masonry infill strength, column 

flexural and shear reinforcement. 
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2. DETAILS OF THE SPECIMENS 

The masonry infilled RC frame specimens for study were adopted from Mehrabi et. al. (1996).  The 

specimens were designed in accordance with ACI 318-19.  Half-scaled specimens with dimension of 

60.5 in x 90 in (1500 mm x 2250 mm) were used in the study.  The concrete used in the frames had a 

compressive strength of 4.5 ksi (30.9 MPa).  The yield strength of longitudinal bars was 60 ksi (413.4 

MPa).  The yield strength of stirrups was 53 ksi (365 MPa).  RC frame rests on a solid foundation with 

dimension 18 in x 18 in x 122 in.  A displacement controlled load of 2 inch was applied from the left 

side on the vertical face of beam.  The concrete material considered for this study had a density of 2.23 

E-06 kip / in3, elastic modulus of 3180 ksi and poisson’s ratio of 0.2.  The steel reinforcement 

considered for this study had a density of 7.236 E-06 kip / in3, elastic modulus of 29000 ksi and 

poisson’s ratio of 0.3. 

In the first parametric study the stirrup spacing in the columns and beams were 2.5 in throughout the 

members with all other dimensions and properties of RC frame being the same.  Four types of masonry 

were used in this study as infill namely Concrete Masonry Unit (CMU), Clay Brick (CB), Flyash bricks 

(FA) and Aerated Autoclaved Concrete blocks (AAC).  The properties of CMU were adopted from 

[6].  The properties of CB and FA were adopted from [4]. The properties of AAC blocks were adopted 

from the author’s experimental work. Elastic properties of various types of infill are tabulated in Table 

1.  Total of five specimens have been considered for analysis in ABAQUS software.  The five 

specimens were Bare Frame (BF), frame with CMU (FI CMU), frame with CB (FI CB), frame with 

FA (FI FA) and frame with AAC (FI AAC). 

In the second parametric study the detailing of the columns alone has been changed.  Concrete Masonry 

Unit adopted from [6] was selected as the masonry for all the specimens.  In the first specimen (FI 

CMU S5) stirrups spacing was increased to 5 in from 2.5 in while maintaining the same percentage of 

longitudinal reinforcement (3.2 %) as in FI CMU. In the second specimen (FI CMU S5 L6.4) the 

stirrup spacing was increased to 5 in and the percentage of longitudinal reinforcement was increased 

to 6.4 %.  In the third specimen (FI CMU S5 L6.4 AL) vertical load of 33 kips (146 kN) were applied 

on top of each column of FI CMU S5 L6.4.  The dimensions and detailing of specimens considered in 

both parametric study are shown in Figure-1. 

 

Figure 1 - (a) Dimensions of the RC Frame (b) Detailing of the Beam section (c) Detailing of 

Column section of first parametric study (d) Detailing of Column section of FI CMU S5 (e)Detailing 

of Column section of FI CMU S5 6.4 and FI CMU S5 6.4 AL 
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Table 1 Properties of Masonry Infill 

Masonry Density (kip/in3) Modulus of Elasticity (ksi) Poisson ratio 

CMU 2.155 E-06 1965 0.2 

CB 5.7 E-05 333.81 0.2 

FA 5.52 E-05 211.46 0.2 

AAC 7.5 E-05 73.3 0.2 

 

3. FINITE ELEMENT MODELLING VALIDATION 

 Bare frame and the infilled frame specimen 2 of Mehrabi et. al., has been modelled and 

analysed in ABAQUS 6.23. Maximum load attained and load displacement behaviour of the specimens 

is considered for validation. Material plasticity model, meshing of structural elements, boundary 

conditions and interface, play a key role in simulating and validating the behavior of the experimental 

specimen. Modelling parameters considered in the study are as follows: 

3.1 Material Model 

The material models are used to input the elastic and plastic properties of concrete, steel and masonry 

in Abaqus.  Some of the material model that are available in Abaqus library, which are used to simulate 

the non-linear behavior are Druker Prager, Concrete Smeared cracking and Concrete Damage 

Plasticity (CDP).   In this study CDP has been chosen to define the material properties where the 

plasticity, compressive behaviour and tensile behaviour are given as input.  The plasticity property for 

this model is adopted from Nasiri et. al. (2017).  The plastic property of the model is determined by 

parameters namely dilation angle, eccentricity, the ratio of biaxial to uniaxial compressive yield 

(fb0/fc0), K and viscosity parameter.  The CDP parameters are given in Table-2.  The compressive and 

tensile behaviour of the masonry and concrete are defined using yield stress, cracking strain and 

damage parameter values. Damage parameter for different materials is defined for the erosion of 

elements. 

Table-2. Plasticity parameters of CDP model 

Dilation Angle Eccentricity fb0/fc0 K Viscosity Parameter 

18 0.1 1.16 0.667 0.001 

 

3.2 Interface 

In the model the interface has been defined between the frame concrete and the masonry and also 

within the bricks of masonry. The masonry brick in this model has been defined as a brick surrounded 

by half mortar.  Interactions were assigned between the inner surface of RC frame and mortar layers 

using ‘surface to surface’ interaction conditions.  The interaction property was defined using three 

parameters namely ‘Cohesive behavior, Tangential behavior and Damge’.  The conditions for node 

interaction and separation parameters were defined in Cohesive behavior.  For tangential behaviour a 

friction coefficient of 0.87 was assigned.  The evolution, stabilization and initiation of damage, which 

defines the traction behavior were given as input in the Damage parameter (Al Louzi et. al., 2015).  

The interaction was defined as master and slave as given in the software. The reinforcement and the 

concrete in the frame were constrained by ‘embedded region’ property available in the software. This 

property binds the reinforcement within the frame concrete as in the physical specimen. The modelling 

of the bricks and interface has been shown in Figure-2.  
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Figure 2 - Master surface (Right) and Slave surface (left) of the specimens [Adapted from Mark et. 

al. (2021)] 

3.3 Meshing 

Meshing the specimens plays an important role in determining the accuracy of the results.  Hence mesh 

sensitivity analysis was conducted to determine the suitable mesh size.  Mesh size of 1 in, 1.5 in, 2 in 

and 2.5 in were considered and the simulation results were compared with specimen 1 (Bare Frame of 

Mehrabi et. al.) respectively.  Table-3 represents the mesh sensitivity analysis of the bare frame.  The 

mesh size of 1.5 in and 2.5 in had less error percentage in comparison with 2 in and 1 in mesh size in 

terms of maximum lateral load of the specimens.  The computational time of analysis of specimen with 

1.5 in mesh size was much more than the specimen with 2.5 in mesh size.  Hence 2.5 in mesh size was 

adopted for the specimens of this study. 

Table-3. Analysis of mesh sensitivity for bare frame specimen 

Mesh 

Size (in) 

No. of 

Elements 

Maximum Load (kips) Error 

(%) 

Computational Time 

(hours) 
Mehrabi’s Numerical 

Experimental Numerical 

2.5 9,422 

23.88 27.50 

26.91 -2 4 

2 13,474 32.2 17 6 

1.5 21,386 26.8 -2 11 

1 50,243 20.96 -23 103 

 The infilled frames were also subjected to mesh sensitivity analysis which were compared with 

the experimental results of specimen 2 (Infilled frame of Mehrabi et. al.).  Mesh size of 1.5 in, 2 in and 

2.5 in were considered for the study, the results of which have been presented in Table-4.  The 

specimens with mesh size of 2 in performed better than specimens with 2.5 in and 1.5 in mesh size, in 

terms of maximum lateral load of the specimen.  Taking the computational time into consideration, the 

mesh size of 2.5 in was considered for this numerical study. 

Table-4. Mesh Sensitivity Analysis of Infilled Frame 

Mesh 

Size 

(in) 

No. of 

Elements 

Maximum Load (kips) Error 

(%) 

Computational 

Time (hours) 

Initial 

Stiffness 

(kips / in) Experimental 

(Mehrabi) 

Numerical 

2.5 29,655 

33.85 

37.61 11 48 117.33 

2 33,974 35.93 6.1 168 91.43 

1.5 60,578 44.68 32 192 131.2 
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Failure of the specimen was considered based on the yielding of stirrups (53 ksi) or the yielding of 

longitudinal bars (60 ksi) whichever occurs first.  Shear failure or flexural failure of the specimen was 

determined based on the yielding of stirrups or longitudinal bars respectively.   

The failure patterns at yielding of longitudinal bars have been compared and also the load vs 

displacement graph of the experimental and numerical specimen has been presented in Figure 3 and 

Figure 4.  The failure of specimen - 2 of Mehrabi was mentioned as the yielding of longitudinal bars 

at 0.7 inch displacement.  The failure of the numerical specimen was also due to the yielding of 

longitudinal bars but at 0.9 inch displacement.  From the graph shown in Figure 4 it can seen that the 

maximum load carrying capacity of the experimental specimen was 32 kips while the maximum load 

carrying capacity of the numerical specimen was 37 kips. 

 

Figure 3 - Comparison of crack pattern at yielding of flexural reinforcement 

 

Figure 4 - Comparison of Load displacement curve of Mehrabi and Numerical simulation 

4 RESULTS AND DISCUSSION 

Numerical analysis has been carried out on all the eight specimens. All the models were modelled with 

a mesh size of 2.5 in.  The failure pattern (tensile damage), yielding of reinforcement, load at yielding 

of reinforcement and maximum load attained by the specimen have been noted. Tensile damage 

distribution is considered to represent the failure pattern of specimens as mentioned by many of the 

researchers in the literature.  The distribution of tensile damage of all the specimens at yield of flexural 

reinforcement and the reinforcement stress has been summarized from Figure-5 to Figure-14. 
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4.1 First Parametric Study  

Figure 5 shows the tensile damage distribution and axial stress distribution of bare frame (BF) at 0.8 

in displacement. It can be observed that the longitudinal reinforcement in the columns near the 

foundation has reached the value of 60 ksi and started yielding which denotes flexural failure. The 

specimen attained a maximum load of 15.55 kips at 1.04 in displacement. 

 

Figure 5 - (left) Distribution of Tensile Damage and (right) Reinforcement stress of BF at 0.8 in 

displacement 

In FI CMU specimen initial crack in the column was observed at 25 kips whereas a crack observed in 

masonry at 38 kips. Cracks in masonry were unevenly distributed and sliding at the mortar joints is 

noted. Longitudinal bars yielded at a displacement of 0.74 in (44.48 kips) and stirrup in the leeward 

column near foundation reached yield stress as shown in Figure 6. With further increase in load the 

longitudinal reinforcement in the windward column completely yielded and the specimen attained a 

maximum load of 46.03 kips at 1.15 in. 

 

Figure 6 - (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI CMU at 

0.74 in displacement 

 In FI CB specimen initial crack in masonry was observed at 10 kips, with further increase in 

load at 11 kips distribution of cracks in masonry were spread and appeared as major diagonal crack. 

Figure 7 shows the longitudinal reinforcement yield of FI CB specimen at a displacement of 0.63 in 

(23.78 kips). Yielding of stirrups has not been observed even in further steps of analysis. The specimen 

attained a maximum load of 25.81 kips at 0.96 in displacement. 
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Figure 7 - (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI CB 0.63 in 

displacement 

An initial crack in FA masonry observed at 9 kips and further increase showed a major diagonal crack 

at 11 kips. Longitudinal reinforcement yielded at a displacement of 0.72 in (24.59 kips) in FI FA 

specimen as shown in Figure 8.  The specimen attained a maximum load of 27.57 kips at 1.5 in 

displacement. Flexural cracks in columns were observed. 

 

Figure - 8 (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI FA at 0.72 

in displacement 

 In FI AAC specimen also cracks were observed initially in masonry at 7 kips and major 

diagonal crack at 9 kips. Yielding of longitudinal reinforcement at a displacement of 0.85 in (22.19 

kips) is observed and shown in Figure 9.  The specimen attained a maximum load of 22.62 at 1 in 

displacement. 

 

Figure 9 - (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI AAC at 0.85 

in displacement 
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It can be seen that in all the specimens yielding of longitudinal reinforcement was observed followed 

by flexural cracks in columns. Yielding of stirrups even at a higher displacement is not observed in 

the specimens. Even though in specimen with strong masonry, FI CMU, few stirrups yielded in the 

leeward column cracks did not progress in the column. To understand further the possibility of shear 

failure in FI CMU specimen three specimens were considered for further analysis. 

4.2 Second Parametric Study 

In FI CMU S5 specimen the yield of longitudinal reinforcement was observed at a displacement of 

0.72 in (41.31 kips) as shown in Figure 10. No noticeable yielding of shear stirrups has been observed. 

The specimen attained a maximum load of 43.58 kips at a displacement of 0.57 in whereas FI CMU 

attained maximum load at a displacement of 1.15 in, which shows that spacing of stirrups helps in 

attaining a ductile behavior of the specimen. 

 

Figure 10 - (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI CMU S5 

0.72 in displacement 

In FI CMU S5 L6.4 specimen the initial cracks in the masonry were observed followed by the yielding 

of stirrup at a displacement of 0.6 in (50.1 kips) at the top corner of the windward column and near the 

foundation in the leeward column, instead of initiation of yield in longitudinal reinforcement as shown 

in Figure 11. The specimen attained a maximum load of 51.92 kips at 0.7 in displacement. The final 

failure of the specimen noted a captive column effect, signifying shear failure as shown in Figure 12. 

 

Figure 11 - (left) Distribution of Tensile Damage and (right) Reinforcement Stress reinforcement of 

FI CMU S5L6.4 at 0.6 in displacement 
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Figure 12 - Tensile damage distribution in FI CMU S5 L6.4 at failure 

In FI CMU S5 L6.4 AL specimen, 33 kips axial load is applied at the top of both the columns. Here 

too the stirrup yielded at a displacement of 0.5 in (56.34 kips) before the longitudinal reinforcement 

yielded as shown in Figure 13.  The specimen had a maximum load bearing capacity of 56.37 kips at 

0.44 in displacement. It can be noted that the load carrying capacity has increased compared to FI 

CMU S5 L6.4 due to the presence of axial load.  The final failure in the column which signifies a shear 

failure is shown in Figure 14. 

 

Figure - 13 (left) Distribution of Tensile Damage and (right) Reinforcement Stress of FI CMU S5 

L6.4 AL at 0.5 in displacement 

 

Figure 14 - Tensile damage distribution in FI CMU S5 L6.4 AL at failure 

The load vs displacement graphs for the specimens has been shown in Figure 15 and Figure 16.  It can 

be seen that the specimen FI CMU is capable of taking maximum load when compared to other 

specimens.  When compared to the bare frame the load carrying capacity of FI CMU is 66.22 % higher.  

The initial stiffness of the specimen with FI CMU was 173 kip / in which was much higher than the 
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other specimens.  The initial stiffness of the bare frame specimen was calculated as 31.42 kip / in.  The 

initial stiffness of the specimen with FI CMU was 81 % higher than that of the bare frame specimen.  

Other specimens FI CB, FI FA and FI AAC exhibited nearly the same initial stiffness of 63.81 kips / 

in, 51.38 kips / in and 60.96 kips / in respectively. 

The initial stiffness of FI CMU S5, FI CMU S5 L6.4 and FI CMU S5 L6.4 AL was observed to be 

same. Specimens with longitudinal reinforcement 6.4% showed a sudden drop drown in load carrying 

capacity after attaining the maximum load. 

 

Figure 15 - Load vs Drift relation for the 

specimens with varying infill strength 

.  

Figure 16 - Load vs Drift relation for the 

specimens with shear stirrup spacing of 5 in 

It can be observed from the above numerical results that only specimens FI CMU S5 L6.4 and FI CMU 

S5 L6.4 AL failed by shear which has been initiated by the yielding of stirrups. The reason for this 

being, the shear capacity of the specimen is less than the flexural shear capacity, leading to the failure 

of specimens by shear which is discussed in detail below. 

5. PROPOSED METHOD FOR SHEAR PREDICTION IN COLUMNS 

The main aim for which this numerical study has been conducted is to propose a methodology to 

predict the nature of failure of columns, whether due to flexure or shear.  For this puropose a new index 

named as the Scol index (Shear index for columns) has been proposed in this study.  The Scol index can 

be defined as the ratio of shear capacity of the column to the flexural capacity of the column with 

respect to the shear demand imposed on the column due to the presence of masonry infill.  The  Scol 

index considered includes the participation of the both infill and frame. The index parameters are 

explained as follows. 

Scol = 
𝑉𝑓,𝑓𝑙𝑒𝑥

𝑉𝑓,𝑠ℎ
 

The flexural capacity of the column was calculated from the sectional analysis of the column. 

Vf,flex = 4 ∗  
𝑀𝑝

𝐻
 

Where, 

𝑀𝑝 is the ultimate moment carrying capacity of the column in the frame 

H is the height of the frame 

The shear capacity of the column was calculated to be the sum of shear capacities of concrete and the 

stirrups.  The shear capacity of the specimens was given as per ACI 318-19. 

Vf,sh = 2 ∗ (𝑉𝑠 +  𝑉𝑐) 
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Where, 

𝑉𝑠 is the shear capacity provided by the stirrups, 

𝑉𝑠 =  
0.8 ∗  𝑓𝑦𝑣 ∗  𝐴𝑠𝑣 ∗ 𝑑

𝑠
 

𝑉𝑐 is the shear capacity provided by the concrete, 

𝑉𝑐 =  
2 ∗  √(𝑓𝑐 ∗ 1000) ∗  𝑏𝑐 ∗  ℎ𝑐

1000
 

fyv, Asv and s represent the yield strength of the stirrup, cross sectional area of the stirrup and spacing 

of the stirrups respectively. d represents the effective depth of the column. fc, bc and hc represent the 

compressive strength of the concrete, breadth of the column cross-section, depth of the column cross-

section respectively. 

The equation for the shear demand due to the masonry infill on the column, Vinfill has been adopted 

form FEMA 306 considering diagonal compression failure in masonry infill. 

Vinfill = 𝑊𝑒𝑓 ∗ 𝑡𝑖𝑛𝑓 ∗ 𝑓𝑚 ∗ 𝐶𝑜𝑠 𝜃 

Where, 

Wef = 0.175 ∗  (𝜆ℎ ∗ 𝐻)−(0.4∗ 𝑑𝑚) 

λh = √
𝐸𝑤∗𝑡𝑤∗𝑆𝑖𝑛(2𝜃)

4∗𝐸𝑐∗ 𝐼𝑐∗ℎ

4
 

λh is the equation for relative stiffness of the masonry infill to the column, proposed by Smith (1961). 

From Table-5 it can be seen that the specimens of the first parametric study have the same values of 

Vf, sh and the Vf, flex as the specimens have the same dimensions and detailing of the RC frame.  The 

specimens of second parametric study differ from the flexural and shear capacity of the first parametric 

study due to the change in percentage of longitudinal reinforcement and the spacing of shear stirrups.  

It can be observed that when the flexural capacity was less than the shear capacity the specimens failed 

by flexure even when the spacing of the stirrups were increased from 2.5in c/c to 5in c/c.  When the 

percentage of longitudinal reinforcement was increased to 6.4 % the flexural shear capacity was more 

than the shear capacity which led to failure of the specimens by shear.  This can be explained in terms 

of the proposed method for prediction of shear failure in columns, i.e., when the Scol of the specimens 

was less than 1, the failure of the specimens was found to be flexural failure and when Scol of the 

specimens was more than 1, the failure of the specimens was found to be shear failure. 

 It can also be observed that even when the shear demand due to the presence of infill in FI 

CMU specimens is more than the shear capacity of the column, the failure of the specimens were 

determined by the flexural and shear capacities of the columns which is given by the shear prediction 

method.  These observations led to the conclusion that the presence of masonry infill increased the 

strength and stiffness of the specimens but did not have influence on the failure of columns irrespective 

of the strength of the masonry infill.  Further investigations have to be carried out experimentally in 

order to verify the conclusions observed from this numerical study. 

Table-5. Flexural shear capacity and shear capacity of specimens 

Specimen Vinfill Vf,sh Vf,flex 
Shear Index, 

Scol 

Failure 

Mode 

First Parametric Study FI CMU 43.57 29.44 15.80 0.54 Flexure 
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FI CB 20.35 Flexure 

FI FA 15.80 Flexure 

FI AAC 20.14 Flexure 

Second parametric 

Study 

FI CMU S5 43.57 19.81 15.80 0.8 Flexure 

FI CMU S5 L 6.4 44.07 

19.81 25.58 1.29 

Shear 

FI CMU S5 L6.4 

AL 
44.07 Shear 

 

6. CONCLUSION 

Numerical investigations have been carried out in eight single-bay, single-storey specimens with 

variation in type of masonry and percentage of reinforcement.  The study focusses on the influence of 

masonry and column reinforcement percentage on the failure mode of columns in a masonry infilled 

RC frame structure.  Analytical investigation based on the equations were carried out and methodology 

for prediction of shear failure in columns has been proposed.  It was observed that when the Scol index 

is less than 1 the failure was observed as flexural failure in the columns of the specimens.  When the 

Scol index was more than 1 the failure was observed to be shear failure in the columns of the specimens.  

It can be seen that even though the type of masonry was varied in the specimens, the failure mode was 

affected only by the variation in longitudinal and shear reinforcement.  This simplified method can be 

easily and effectively used for prediction of shear failure in columns in a masonry infilled RC frame.  

It was evident from the study that the presence of masonry increased the strength and stiffness of the 

specimens but does not have much influence over the failure mode.  The percentage of longitudinal 

and transverse reinforcement in columns influences the failure mode of the columns.  The conclusions 

from the study have been presented here. 

•  All the specimens of the first parametric study failed predominantly by flexure which was 

indicated by the yielding of longitudinal reinforcement. 

•  The initial stiffness of FI CMU was 81% higher than that of the bare frame.  The load carrying 

capacity of this specimen was 66.22% higher when compared to the bare frame. 

•  Higher the elastic modulus of the masonry, higher was the initial stiffness of the specimens. 

•  The specimen FI CMU has performed better by yielding in flexure at higher load and less drift 

percentage when compared to the other specimens  

•  The initial stiffness attained by the specimens BF, FI CMU, FI CB, FI FA  and FI AAC were 31.42 

kips/in, 173 kips/in, 63.81 kips/in, 51.38 kips/in and 60.96 kips/in respectively.   

•  The specimens FI CMU S5 L6.4 and FI CMU S5 L6.4 AL were observed to have a captive column 

effect leading to shear failure. 

•  A simple and effective analytical method for the prediction of shear failure in column considering 

the shear demand from the masonry infill has been proposed.   
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