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Abstract—Infill walls are considered to non-bearing 

structural members but affect not only structure masses also 

lateral rigidities which may cause free vibration behavior of 

the buildings. Although infill walls are not considered 

structural members, they are acting together with the frame 

when subjected to seismic loads. Analyze and calculation 

models including infill wall contribution are difficult and 

complex especially on major construction projects. Behavior 

of masonry infilled R.C. frames under seismic loads should 

be modeled to consider the effect of the infill walls on the 

seismic performance of the structure. In this study an 

overview of the modelling methods of infill walls in 

reinforced concrete frames is presented. The advantages or 

disadvantages of the presented methods are discussed and 

an easy and effective procedure is suggested for using in 

practice design. 

 

Index Terms—infill wall, masonry, infilled frame, modelling 

 

I. INTRODUCTION 

Turkey is an earthquake country that more than 92% of 

its territory is exposed to seismic hazards and 95% of the 

total population lives under high earthquake damage risk 

according to earthquake zones map of Turkey [1]. In last 

decade some major earthquakes causing light, medium or 

heavy damages (The 6th major earthquake in last century 

with 20 Billion USD $ economic losses) on more than 

245.000 buildings in the Marmara Region subjected to 17 

August 1999 Marmara Earthquake [2]. 

Infill walls which are placed in the gaps between the 

structural members composed of columns and beams play 

a significant role under seismic loads. According to 

Turkish Seismic Code 2007 [3], infill walls are only 

accepted as vertical uniform loads on beams and floors on 

the design of reinforced concrete structures. On the 

existing analysis and design techniques; beams, columns 

and slabs of reinforced concrete framed buildings are 

assumed to be load-bearing members while the 

contribution to rigidity and strengths are ignored. In other 

words, stiffness and strength of a brick infill wall is not 

taken into account while modeling reinforced concrete 

framed structures in practice. On the other hand, infill 

walls in framed structures affect the dynamic 

characteristics of the building such as stiffness, strength 

and ductility of the entire structure and response to 

earthquakes. 

                                                           
Manuscript received January 21, 2016; revised August 21, 2016. 

The infill walls are considered to non-bearing 

structural members but affect not only structure masses 

also lateral rigidities which may cause free vibration 

behavior of the buildings. Although infill walls are not 

considered structural members, they are acting together 

with the frame when subjected to seismic loads. There is 

a widespread scientific literature on reinforced concrete 

frames with masonry infills to assess the effect of the 

relative strength and stiffness of an infill with respect to 

the bounding frame [4]-[9]. According to the research or 

investigations about the damages on reinforced concrete 

building members during earthquakes, large residual 

deformations on infill walls are observed. Infill walls are 

cracked instantly under a seismic activity in this way 

resist earthquake forces substantially and mitigate seismic 

impacts by cracking [10]. Despite the presence of infill 

walls increase the lateral rigidity of the structure, in some 

cases as a result of the uncontrolled infill wall 

construction, the distance between the location of the 

center of rigidity and the floor center of mass is changed. 

This shift causes torsion and/or short column behavior at 

some part of the structure. The seismic behavior of bare 

framed structure and the frames with infill walls are not 

same in this way infill walls should be considered on the 

design of structures. 

II. BEHAVIOR OF MASONRY INFILLED R.C. FRAMES 

SUBJECTED TO SEISMIC LOADS 

The effect of infill walls on structural rigidity of whole 

structure are ignored despite the fact that reinforced 

concrete frames with infill walls are the most commonly 

used building systems. Analyze and calculation models 

including infill wall contribution are difficult and 

complex especially on major construction projects. 

Behavior of masonry infilled R.C. frames under seismic 

loads should be modeled to consider the effect of the 

infill walls on the seismic performance of the structure. 

The gaps occurred between the frame elements (beam 

or columns) and the walls and the cracks on the walls are 

the most important parameters for structural design if 

infill walls are considered as structural members. 

Determination of the maximum load capacity and the 

behavior of the frames with infill walls subjected to 

seismic forces are complex and questionable problems. 

Seismic response of infilled frames has long been 

investigated analytically and experimentally. According 

to the researches, infill walls and frame elements move 
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together as shear walls in cases where minor seismic 

forces exposed to. In case of increment on load and 

horizontal displacement, some deformations occur on the 

elements. Cracks occur along the diagonal of ınfill wall 

with applied lateral load and in the middle part of wall 

while the gaps are formed between the opposite corners 

of the diagonal line and infill. On the other hand, the 

corners on the loading directions of the diagonal are 

conglutinated with the frame shown in Fig. 1. 

 
 

 

Figure 1.  Infill wall – R.C. frame elements interaction under lateral 
movement. 

III. MODELLING OF MASONRY INFILLED FRAMES 

Analytic modelling of masonry infill frames comprise 

different parameters as infill bricks, mortars and friction 

surfaces between frame elements and infill wall etc. 

There are two different main approaches for the 

modelling of infill walls which are Micro Modelling and 

Macro Modelling.  

The main difference between two methods is precision 

that micro modelling dealing with all individual 

components brick, block unit and mortar while macro 

modelling consider the all masonry as a composite unit 

shown in Fig. 2. [11].  

 

Figure 2.  Analytic modelling of masonry infill [11] (a) detailed micro-
modeling; (b) simplified micro-modeling; (c) macro-modeling 

Macro models are used to investigate the overall 

response of the infill wall. Modelling of a wall using 

macro elements can be defined as using different type of 

springs instead of structural elements [12]. The behavior 

of macro models are based on physical behavior of infill 

walls. Mortar joints and units are recognized together 

considering collective mechanical and physical properties 

to obtain more simplified solution especially for large 

scaled models. 

Micro-modeling is used generally to understand the 

local behavior of masonry infills. Inelastic properties of 

both unit and mortar and some mechanical properties as 

Young's modulus, Poisson's ratio are taken into account 

in detailed micro-modeling. On the other hand, each joint 

on infill wall is consisting of mortar and the two interface 

surfaces for simplified micro-modeling method. Infill 

consisting of elastic blocks interconnected with fracture 

tracks at the joints [11].  

The main difference between macro model and micro 

model is the local failure modes. Macro model do not 

consider the effects of all prospective local failure modes 

on the behavior of the infill while micro model is taken 

into account all the failure modes.  

As a result about the modelling approaches of infill 

walls, there are two main different methods have been 

used. Micro model based on the finite element techniques 

while macro model is the equivalent strut method. Macro 

modeling is not capable of giving any further information 

about the failure mechanism of the frame and wall-frame 

interaction. 

The main reason of using the equivalent strut method 

which is known as a part of macro modelling, is 

computational simplicity based on the physical 

understanding of the behavior of the infills. The 

following section presents a brief review about 

Equivalent Strut Model which is the most widely used 

approach on infill design and calculations. 

A. Equivalent Strut Model 

Numerous analytical investigations about infill walls in 

steel or reinforced concrete frames have been achieved 

over the few decades. The initial studies about the 

response of the composite infilled frames were conducted 

by Polyakov [13], Holmes [14], Smith and Carter [15], 

Klingner and Bertero [16] with experimental and 

analytical studies in order to understand linear behavior 

and complex disposition of infilled frames [17]. However, 

very wide experimental [18], [15], [19]-[22] and 

analytical researches [23]-[27] have been conducted in 

literature [28]. 

Polyakov is one of the leading people in this regard 

observed that the stress transmission between infill and 

frame elements are only occurs in the compression zone 

based on elastic theory [13]. According to Holmes study, 

infill wall can be simplified using equivalent diagonal 

struts which width of the strut is suggested as 1/3 of the 

diagonal length [14]. Smith and Smith-Carter developed 

the diagonal strut approach as two pin-connected 

diagonal struts made of the same material and thickness 

as the infill [15], [18].  

Different concepts were proposed based on equivalent 

strut method considering frame/infill interaction. [29], 

[30]. Mainstone [29] proposed an empirical equation 

about strut width to model infill walls subjected to 
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monotonic lateral loads using the equivalent strut 

approach. This empirical equation was developed by 

Mainstone&Weeks [31] subsequently, included in FEMA 

274, FEMA 306, FEMA 356, Turkish Seismic Code-

2007 [32]-[34], [3] and widely used nowadays. The 

equation considers initial stiffness and ultimate strength 

and stiffening and strengthening effect of the masonry 

infill. 

A 1974 study by Kadir [30] indicated that the 

dimensions of the strut are affected by the adjacent 

columns and beam and proposed a formula to define 

diagonal strut dimensions. Mehrabi et al. [20] suggested 

that different levels of infill and circumambient frame 

strength as predictors for damage initiation for various 

story drift. 

Some researchers proposed multiple strut models to 

illustrate the behavior of the infilled frames. Crisafulli [35] 

studied the effects of various multiple strut models on 

structural response of the infill walls in R.C. frames to 

obtain the stiffness of the structure and investigate the 

behavior of surrounding frame. The lateral stiffness of the 

structure has smaller values for two and three strut infill 

models. Nowadays, one equivalent diagonal strut model 

extensively used to model infills because of simple and 

reasonable procedure to characterize the effect of the 

masonry infills on surrounding frame.  

1) Failure mechanism for infill panels and the 

stiffness and strength of the strut.  

In literature, different strut models were suggested to 

predict the stiffness and strength of the struts which based 

on strength assessment and equivalent width calculation. 

Liauw and Kwan [23] suggested that the failure mode 

varies by panel aspect ratio and relative strengths of the 

frame elements and infill. 

In the model by Decanini and Fantin [36] the axial 

strength of the strut in different failure modes is 

investigated. The infill struts are taken into account to be 

ineffectual in tension. However, the combination of both 

diagonal struts provides seismic load resistance 

mechanism for x or y direction of loading. According to 

the test results a hysteresis model for infill panel under 

monotonic lateral loads has been proposed by Decanini et 

al. [37].  

Four main failure modes of the infill walls were 

defined in literature given below: [38]  

1) Shear failure with bed-joint sliding,  

2) Cracking because of diagonal tension, 

3) Crushing of the infill at corner points, 

4) Diagonal compression failure. 

Simplified strut models which are compatible with 

experimental results consider different failure and 

collapse modes shown in Table I.  

TABLE I. FAILURE MODES OF INFILL PANELS WITH REFERENCE TO 

THE PRESENTED MODELS 

Research 
Failure mode of the infill 

Shear (1) Cracking (2) Crushing (3) Compression(4) 

FEMA 

306 [33] 
+ + + - 

FEMA 

356 [34] 
+ + + - 

Turkish 

Seismic 

Code [3] 

+ + + - 

Liauw & 

Kwan 

[23] 

- - + + 

Decanini 
& Fantin 

[36] 

+ + + + 

Paulay & 

Priestley 

[39] 

+ + - + 

Priestley 

& Calvi 

[40] 

+ + - + 

Saneineja

d&Hobbs 

[25] 

+ + + + 

 

NOTE:      (1) Shear failure with bed-joint sliding, 

             (2) Cracking because of diagonal tension, 

             (3) Crushing of the infill at corner points, 

                  (4) Diagonal compression failure. 

 

2) Determination of the width of the diagonal strut  

The rigidity and strength properties to be used so as for 

the filled walls to be presented in the model are defined. 

Infill walls that are designed in R.C. frames and the ratio 

of the diagonal length to the thickness for which is below 

30 consider for structural modeling. The walls that 

include splicing the ratio of which to wall surface does 

not exceed 10 % may be included in the structure 

modeling provided that the positions of the splicing do 

not prevent the formation of diagonal compression strut 

[3]. 

In literature many suggestions have been proposed 

about the width of the strut w in terms of diagonal length 

d. As a simple conclusion that failure of an infill wall has 

been calculated by multiplying the compressive strength 

of infill material to the area of equivalent strut. The axial 

stiffness of the strut can be determined as: 

                                    𝑘𝑚 =
𝐸𝑚 𝑡 𝑤

𝑑
                                   (1) 

where km is axial stiffness of the strut, w is the width of 

the strut and d is length of the strut, Em is the modulus of 

elasticity of masonry and t is the panel thickness shown 

in Fig. 3. [38]. 

Stafford Smith (1966) [18] proposed a formula to 

calculate the width of the diagonal strut based on the 

relative stiffness named λh. The expression of non-

dimensional λh have also been suggested by Kadir [30], 

Liauw and Kwan [23], Decanini and Fantin [36], FEMA-

306 [33] and Turkish Seismic Code [3] given in Eq. (2). 

                             𝜆ℎ = √
𝐸𝑚 𝑡 (𝑆𝑖𝑛 2𝜃)

4 𝐸𝑓 𝐼𝑐 ℎ𝑚

4
                            (2) 

where: Em is the modulus of elasticity of the masonry 

infill, Ef is the modulus of elasticity of the frame elements 

(for concrete on R.C. frames), t is the thickness of the 

infill, Ic is the moment of inertia of the columns, hm is the 

high of the infill and θ is the slope angel of the panel’s 

diagonal. 
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Figure 3. Equivalent strut modelling of masonry infill 

TABLE II. EQUATIONS USED FOR STRUT WIDTH (W) CALCULATION 

Research Equivalent Strut Width (w) Special Remarks 

Holmes[14]    𝑤 =  
1

3
 𝑑  

Fema 
306[33] 

   𝑤 = 0.175 𝑑 (𝜆ℎ)−0.4  

Mainstone 

[29] 
   𝑤 = 0.175 𝑑 (𝜆ℎℎ)−0.4  

Liauw & 

Kwan [23] 
   𝑤 =  

0.95 𝐶𝑜𝑠 𝜃 ℎ𝑚

√𝜆ℎ

 250 < 𝛩 < 500 

Decanini & 

Fantin [36] 
    𝑤 =  (

𝑘1

𝜆ℎ
+ 𝑘2)  𝑑 

λh < 3.14 
k1= 1.300 

k2= - 0.178 

3.14< λh < 7.85 
k1= 0.707 

k2= 0.010 

7.85 <  λh 
k1= 0.470 

k2= 0.040 

Paulay & 

Priestley 

[39]      𝑤 =  
1

4
 𝑑  

Priestley & 

Calvi [40] 

Saneinejad 

& Hobbs 

[25] 
   𝑤 = 𝑚𝑖𝑛 (𝑤1 ; 𝑤2 ) 

𝑤1 =
(1 − 𝛼𝑐 )𝛼𝑐 ℎ

𝜎𝑐

𝑓𝑐
+ 𝛼𝑏 𝑙

𝜏𝑏

𝑓𝑐

𝐶𝑜𝑠 𝜃
 

𝑤2 = 0.5 ℎ𝑚  
𝑓𝑎

𝑓𝑐

1

𝐶𝑜𝑠 𝜃
 

Turkish 
Seismic 

Code [3] 
𝑤 = 0.175 𝑑 (𝜆ℎℎ)−0.4  

Smith & 

Carter [15] 
    𝑤 =  0.58 (

1

ℎ𝑚

)−0.445 (𝜆ℎℎ )0.335 𝑑 (
1
ℎ

)
0.064

 

Kadir [30]      𝑤 =
𝜋

2
(

1

4 𝜆ℎ

+
1

4 𝜆𝑔

) 𝜆𝑔 = √
𝐸 𝑡 (𝑆𝑖𝑛 2𝜃)

4 𝐸𝑓 𝐼 ℎ

4

 

Hendry[41]      𝑤 = 0.5 √𝛼ℎ+𝛼𝑙
2  

𝛼ℎ =
𝜋

2
(

𝐸 𝐼 ℎ𝑚

2𝐸𝑚 𝑡 sin 2𝜃 
)

1/4

 

𝛼𝑙 = 𝜋 (
𝐸𝑐  𝐼𝑐 𝑙

2𝐸𝑚 𝑡 sin 2𝜃 
)

1/4

 

 

A large number of researchers proposed different 

equations about the width of the strut w. These equations 

are briefly described in Table II. 

On the other hand; there are many developments on 

modelling of the infill panels in recent years and this 

paper also reviews the last advances on infill modelling. 

Total collapse behaviors of reinforced concrete frames 

have been examined by various experimental programs 

and as a result failure mode and ductility of the frames 

depend on the development of big cracks on the infill 

walls [42]-[44]. However these behaviors can be 

modelled linear or nonlinear by 3D discrete-finite-

element models to investigate the in-plane or out-of-plane 

behaviors and strength of concrete masonry infills [45]-

[48]. 

IV. CONCLUSIONS 

In this paper contribution of infill walls on the seismic 

performance of framed structures were investigated and 

an overview of the modelling methods of infill walls in 

reinforced concrete frames is presented widely. 

Various researchers proposed different analytical 

models to describe the behavior of the frames with infill 

walls. There are two main different approaches on 

modelling infill panels have been used. Micro model 

based on the finite element techniques while macro 

model is the equivalent strut method. One of the 

analytical models –macro modelling- has been used 

widely due to simple and efficient computational process. 

On the other hand, macro modeling is not capable of 

giving any further information about the failure 

mechanism of the frame and wall-frame interaction. 

Equivalent strut method based on the determination of 

the strut width which depends on the aspect ratio and 

used material and investigation the effect of infill walls 

on strength and stiffness.  

Different strut models have been suggested to illustrate 

the behavior of the infilled frames. Simplified strut 

models that are compatible with experimental results 

consider various failure and collapse modes. 

There are many different calculation methods and 

equations to define the width of the diagonal strut (w) 

based on the relative stiffness. The equivalent strut width 

vary between 10 % and 30 % of the strut length based on 

different equations while the results obtained from 

flexural model in compliance with some researches [39], 
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[14], [23], [41]. The Liauw and Kwan model [23] is the 

most stiff strut model. 

The strut width value calculated with respect to 

Turkish Seismic Code [3] is equal to 11.5% of the strut 

length is smaller than the results obtained from other 

equations which are in the range of 23% - 30%. 

More attentions need to be desirably paid in the future 

to the following aspects which are the damage level in 

infill walls and the effects of openings on the seismic 

performance of infilled frames. Especially the 

contribution of the infill panels to the lateral strength and 

rigidity of entire structure should be considered in 

national codes particularly in terms of more realistic 

modelling. 
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