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Abstract— All across the world, structures with reinforced concrete (RC) frames and unreinforced masonry (URM) infill walls are 

frequently constructed. (URM) infill walls are widely used as non-structural components, URM infill walls have an impact on both the 

structural and non-structural performance of RC buildings. Infill walls influence the structure's response to earthquakes and can have either 

positive or negative impacts. Up to a certain amount of ground motion, infill walls help the structure's ability to resist lateral forces and 

dampen them. On the other hand, the fundamental period, ductility, and energy dissipation of the structure are decreased by infill walls, 

which improve the initial stiffness and ultimate strength of the structure. The early brittle failure of URM infill walls might result in the 

construction of a weak story, which can ultimately lead to the collapse of the building. Infill walls interact with the surrounding frame in a 

way that increases the likelihood of column shear failure. Additionally, asymmetrical placement of infill walls for practical reasons might 

cause torsion, which increases the demand for the columns. for these objectives, the focus of this study is on how reinforced-concrete (RC) 

moment frames interact with infill walls. To achieve this, a numerical analysis of RC frames will be performed to evaluate the strength and 

stiffness of the structures as well as the structural response. 

 
Index Terms— Reinforced concrete (RC), unreinforced masonry (URM), Infill wall, Performance-based design (PBD), Moment resisting 

frame (MRF). 

——————————  —————————— 

1 INTRODUCTION 

t least 10,000 years have passed since the first use of clay 
bricks. In Babylon, Egypt, Spain, South America, the Unit- 
ed States, and other places they were made from sun-dried 

bricks and were commonly utilized. Older structures typically 
have unreinforced masonry (URM) walls. Due to their excellent 
impact resistance and sound and heat insulation capabilities, 
masonry walls are frequently employed in modern construction 
to fill interior and external frameworks made of steel, concrete, 
or both. Due to their proven tolerable performance and durabil- 
ity regarding temperature, noise, moisture, and fire, these 
walls—known as masonry infill walls—represent the oldest 
type of enclosure system. 
Reinforced concrete (RC) structures constitute a significant por- 
tion of the building inventory. The desire to separate a build- 
ing's interior space from its surrounding environment naturally 
leads to the need to arrange infill walls in framed constructions. 
Using brick infill walls provides a cost-effective and long-lasting 
option. They are simple to construct, aesthetically pleasing and 
have excellent cost-performance ratios. As a result, RC frame 
structures often use masonry infill walls, a widely used con- 
struction method in residential and commercial structures. 
There are numerous ways to fill the frame structure thanks to 
the combination of various masonry units made of various ma- 
terials and various mortars. Ceramic bricks composed of clay 
are the most popular type of material used to build masonry 
infills, followed by concrete blocks, autoclaved aerated concrete 
(AAC), calcium silicate (CS), etc. 

Since reinforced concrete frames with masonry infill walls are a 
common type of construction in seismic regions all over the 
world, all these facts are crucial to the theme of this study. In- 
filled frames, however, have not benefited from construction 
practices from the middle of the 20th century until the present. 
As a result, modern RC frame constructions with infill walls 
were created without taking seismic action into account. 
Additionally, infill walls within frame buildings have typically 
been viewed as non-structural parts and so have not been given 
the same consideration as structural elements due to the com- 
plexity of the problem and the lack of a realistic, yet simple ana- 
lytical model. 
According to Comite Euro-International Du Beton (1996), infill 
increases the stiffness of the bare frame by 4 to 20 times, which 
means that infills cannot be neglected in the design process be- 
cause they increase lateral stiffness and consequently shorten 
the frame's natural period of vibration, which increases acceler- 
ations and inertia forces (Figure 1). 
A bare frame without infill walls deflects under horizontal 
stresses by bending its beams and columns. Infill panels reach 
their maximum load capacity extremely quickly, however, this 
is followed by a sharp decline in strength because of their low 
drift capacity and rather stiff and brittle in-plane response. 
Thus, it can be said that infills sustain damage when inter- 
storey drift values are low. Infilled frame's strength is increased 
by the infill wall, but its ductility is much reduced. 
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Figure 1 Comparison of roof-top accelerations of a bare and 
infilled frame [5] 

 
2 LITERATURE REVIEW 

The behaviour of infilled frames has been the focus of study 
projects by scientists from all around the world. Although 
there has been a lot of work done since the middle of the 20th 
century, the scientific interest in the seismic response of ma- 
sonry infills has significantly expanded in recent years because 
of the topic's practicality. 
Numerous studies [1]; [2] demonstrate the fact that masonry 
infills cannot withstand the high deformability of RC frames 
without experiencing a rather brittle response characterized by 
a sudden decrease in resistance, which can lead to severe dam- 
age, possibly even disintegration or partial collapse of the wall. 
This is further supported by FEMA 154 (2002), which awards 
concrete frame buildings with URM infill walls the lowest Basic 
Structural Hazard Score. Also, El-Dakhakhni [3] concluded that 
URM infill walls perform poorly even during moderate earth- 
quakes. This implies that even in the case of masonry infills in 
recently built buildings, deterioration from infills may consider- 
ably contribute to financial losses and pose serious risks to hu- 
man life. 
Despite all the drawbacks of conventional infill walls, research 
has shown that masonry infill walls can improve the seismic 
performance of reinforced concrete structures. Infills can greatly 
boost the energy dissipation capacity and minimize the maxi- 
mum displacements, according to Liberatore et al 's research [4]. 
However, it is important to prevent any potential adverse im- 
pacts of the frame/infill interaction that could result in severe 
damage to both RC frames and masonry infill walls. Charleson 
[5] also confirms the positive impact of infills, but only in the 
context of low-rise buildings, continuous infill panels from the 
foundation to the roof, and symmetrically arranged in the plan. 

 

2.1 In-plane behavior of infill walls 

Numerous studies have investigated the behaviour of mason- 
ry-filled frames that are subjected to in-plane lateral loads us- 
ing both numerical and experimental methods. This section 
provides an overview of the in-plane behaviour of infills as 
well as the key findings that affect their in-plane response to 
seismic excitation. 
Three phases may be identified in the in-plane behaviour of 
infilled frames, the first of which corresponds to small dis- 
placements and is distinguished by a high initial stiffness rela- 
tive to the bare frame. Since there are no cracks at this stage, the 
infilled frame functions as a single monolithic composite struc- 
ture. It is important to note that numerous researchers have 

identified an increase in stiffness and the consequent change in 
the period of the structure due to the infills, including [6], [7], 
[8], and [9]. Within the first phase, change in the structure's fun- 
damental period is specifically investigated. 
As long as the load is applied, the first cracks begin to appear, 
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which causes the lateral stiffness to decrease. The start of 
the inelastic behaviour is also shown in this phase. The 
loaded di- agonal of the panel contracts during this phase, 
while the non- loaded diagonal corners produce gaps 
between the frame and the infill because the infill and the 
frame have different defor- mation modes. In phase three, 
behaviour is based on the model of infill failure and the 
frame's behaviour. The infilled frame now exhibits 
significant energy dissipation when subjected to cyclic 
loadings. The infill sliding and cracking is the main factor in 
energy loss. The value of strength and stiffness tend to de- 
cline with increasing drift, cycle by cycle until the degree of 
damage to the infill is so great that it makes little difference 
to the system. 

2.2 Failure modes of infill panel 

 Compression failure in the corners. The failure of the 
compression strut causes corner compression failure 
or corner crushing failure mode to take place. When 
weak infills are flanked by strong columns and beams 
and have weak infill-frame interface joints, it causes 
stressed corners to crush. 

 The center of the infill is damaged due to the infill 
panel buckling, which takes place as the center of 
the wall is crushed. This mode typically arises in 
narrow infills where out-of-plane deformations 
coexist with in-plane loads. 

 Shear failure along the bed joint. when poor quality 
mortar is utilized and the infill aspect ratio is low, 
shear failure along the bed joint is the mechanism that 
frequently happens. In this mechanism, one or more 
bed joints experience breaking. 

 Diagonal tensile failure. on the diagonal compression 
strut, diagonal tensile failure manifests as cracks that 
spread along the bed and head joints, typically form- 
ing a stepped diagonal fracture. When bricks are 
stronger than mortar, this mode may take place. On 
the other hand, bricks can also crack. Shear sliding 
and diagonal cracking may manifest in a mixed form. 

 
From the pervious studies, its clear that infill wall has an ef- 

fect on lateral behaviour of RC frames.in this paper, finite ele- 
ment model of RC infilled frame created and valiadted against 
experiment results. then parametric study conducted to simu- 
late the beahviour of infilled frame under lateral loads. 

 
3 NUMERICAL ANALYSIS AND VALIDATION 

This section describes the modeling of one storey, single-bay 
infilled frame constructed to a reduced scale of ¾ and tested 
by Crisafulli [10] under pseudo-static cyclic loadings. Actua- 
tors have been used to apply lateral and vertical forces, simu- 
lating thus the gravity loads and overturning moment corre- 
sponding to a typical two-storey building with infill panels. 

3.1 Test setup 

Two steel columns joined at the top by a steel beam made 
up the loading frame. The columns were stiffened at the level 

where the lateral forces were applied using two diagonal brac- 
es. The laboratory floor was attached to the base of the col- 
umns and the braces. Using eight steel rods with a diameter of 
8 mm and four RHS steel beams to secure the ends of the rein- 
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forced concrete base, the test units were fastened to the floor. 
Two hydraulic actuators loaded with a continuous 120 KN 

force compressed the base between the steel columns to pre- 
vent it from moving horizontally. At each side of the unit, an 
RHS steel beam was placed to prevent out-of-plane displace- 
ment. Two hydraulic actuators were used to apply the lateral 
forces to the devices, which were located 2.50 m from the test- 
ing floor. Vertical forces of 20 KN were applied at the top of 
each column to imitate the effects of gravity loads. 

 

 
Figure 2 Infilled Frame [10] 

 

 
Figure 3 Layout of the in-plane setup for cyclic static tests[10] 

3.2 Material characterization 

3.2.1 Concrete and steel reinforcement properties 

The mean concrete strength, measured after 28 days, was 
31.2 MPa, while the elastic young’s modulus was about 
26252.77 MPa. The reinforcement steel bars had a medium 
strength of 323 MPa. 

3.2.2 Masonry unit and mortar properties 

Solid concrete bricks, with dimensions 230x90x75 mm were 
used for the construction of the masonary panels. Masonries 
used to arrange the specimens were subjected to experimental 
tests to assess their mechanical properties. All the significant 
results in terms of mechanical elastic properties and strengths. 

3.2.3 Calibration with FE models 

To verify the global response of the specimen, the Seismo- 
Struct model was used to simulate the following: 

 Hysteretic behavior of time history static quasi-static 
loading. 

 Whole structure capacity. 
 Pinching effect. 

 Degradation of stiffness of the whole specimen dur- 
ing loading. 
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SeismoStruct is a Finite Element structural analysis tool that 
can simulate how space frames will respond to large dis- 
placements under static or dynamic loadings while accounting 
for both geometric nonlinearities and material inelasticity. 

3.2.4 Geometry 

 Single story-one bay RC frame specimen of clear 
span 2.660 m and height 2.10 m. 

 RC Column (0.15 X 0.15) m 
 RC Beam (0.15 X 0.20) m 
 Infill of thickness =0.09m 

3.2.5 Concrete Material 

Concrete and steel materials for various elements were de- 
fined as provided in the verification paper. The Mander et 
al. of the concrete model is employed for defining the concrete 
material with characteristic parameters: fc=31200 kpa, ft=0 
kpa, ɛc=0.002 m/m 

3.2.5 Reinforcement Material 

The parameters for the steel model are listed in Table 1. 

Table 1 Parameter used for steel modeling 
 

 

 
3.2.6 Modelling and Loading 

Columns and beams are modeled through 3D force-based ine- 
lastic frame elements (infrmFB) with 8 integration sections. 
The number of fibers used in section equilibrium computa- 
tions is set to 200. Reinforced Concrete sections are defined 
exactly as a sketch of RFT in Figure 2 The infill panel is mod- 
eled through a four-node masonry panel element (inelastic 
infill panel element) as shown in Figure 4 
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Figure 4 Seismo-struct model 

3.2.7 Infill parameters 

Table 2 Infill parameters 
 

3.2.8 Applied Loads 

 Two Concentrated loads (20 KN) are applied on the 
top node of each column to represent vertical loads 
applied through jacks in the experiment setup. 

 Displacement with specific time history displacement 
as mentioned above. 

 Displacement loading type: Static time history. 

3.2.9 Modeling Evaluation 

In this section, the numerical cyclic response obtained from 
the modeling of one bare frame and three infilled frames is 
evaluated with experimental data results. A comparison be- 
tween analytical and experimental results is conducted re- 
garding cyclic response, peak load, hysteretic shape, and 

pinching behavior. As a measure for the evaluation, the error in 
the results will be the ratio between the difference between the 
analytical and experimental results to the experimental value. 
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Figure 5 Force Displacement curve 
This curve shows the cross-validation with Experimental 
re- sults by Crisafulli [10] in blue color and numerical 
results by Rooshenas [11] in orange color with my 
numerical analysis results in black color. 

3.2.9.1 Ultimate Strength 

Table 3 Ultimate Strength 
 

 
 

3.2.9.2 Displacement at Ultimate Strength 

Table 4 Displacement at Ultimate Strength 
 

 

3.2.9.3 Maximum Displacement 

Table 5 Maximum Displacement 
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3.2.9.4 Force at Maximum Displacement 

Table 6 Force at Maximum Displacement 
 

 
4 Parametric analysis program 

The created numerical model described in section 3 is used for 
a parametric study that is presented in the following once it 
has been appropriately calibrated and validated using experi- 
mental data. On infilled frames, parametric research is con- 
ducted to analyze how they respond to changes in mechanical 
properties, mechanical characteristics, and boundary condi- 
tions. The infill frames' many parameters include the follow- 
ing in further detail: 

 Level of axial loading 
 Concrete class. 
 RC frame stiffness (frame-to-infill stiffness ratio) 
 Reinforcement ratio of the frame. 

4.1 Geometry 

 Single story-one bay RC frame specimen of clear span 
4.22 m and height 2.95 m. 

 RC Column (0.35 X 0.35) m 
 RC Beam (0.35 X 0.35) m 

4.2 Concrete Material 

Concrete material for various elements was defined in the 
table provided in the verification paper. Mander et al. nonlin- 
ear concrete model (con_ma) is employed for defining the 
concrete material with characteristic parameters: fc=28000 kpa, 
ft=0 kpa, ɛc=0.002 m/m 

4.3 Reinforcement Material 

The steel reinforcement was modeled using Menegotto- 
Pinto (1973) steel model (stl_mp) which is a uniaxial steel 
model coupled with the isotropic hardening’s rules, this mod- 
el is defined by Modulus of elasticity, yield strength, strain 
hardening parameter, fracture/buckling strain and some coef- 
ficients representing Baushinger effect, pinching of hysteretic 
loops and transition from elastic to the plastic zone. 
The parameters for the steel model are listed in Table 7. 

Table 7 Parameter used for steel modeling 
 

 
 

4.4 Results 

4.1.1 Level of axial loading. 

In the following, the influence of the vertical load level on the 
columns is investigated. Simulating loads from the upper sto- 
ries of a building. Vertical forces of 200kN .400 kN and 600kN 
per column. Figure 6 shows the increase of maximum load 
level for higher vertical loads for different infill materials. 

 

Figure 6 Level of axial loading. 

4.1.2 Concrete class. 

The influence of concrete strength on the behavior of in- 
filled frames has been also investigated. Numerical models of 
three concrete classes C30/37, C40/50, and C50/60 have been 
studied. Figure 7 shows that the concrete class slightly in- 
creases the capacity of the infilled frame 
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Figure 7 Concrete class. 

4.1.3 RC frame stiffness (frame-to-infill stiffness ratio). 

Besides the infill stiffness and the dimensions of the RC frame, 

the cross sections of the columns and the top beam influence 
the frame-to-infill stiffness ratio. The experimentally tested 
frame had columns of 35x35cm and a top beam of 35x35cm. To 
study the influence of the frame stiffness, an additional simu- 
lation with quadratic cross sections of 40x40 cm and 45x45 cm 
for columns and the top beam is carried out. 
Figure 8 shows that the increase of the column and beam di- 
mensions leads to an increase in the initial stiffness and maxi- 
mum load. It can be concluded that frame stiffness is an im- 
portant parameter as it directly influences 
the maximum load capacity of the bare frame and the dis- 
placement demand generated by the RC frame system. 

 

Figure 8 RC frame stiffness (frame-to-infill stiffness ratio). 

4.1.4 Reinforcement ratio of the frame. 

Another characteristic investigated is the reinforcement ratio 
of the RC frame. The reinforcement ratio of the experimentally 
tested frame was 2.05% for columns. Two additional simula- 
tions are executed, where only the cross sections of the longi- 
tudinal bars were changed, giving the reinforcement ratios as 
presented in Table 8. From Figure 9 it can be concluded that 
the change in the reinforcement ratio influences the infilled 

frame response. 
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Table 8 the reinforcement ratios of infilled frames 
 

 
 

Figure 9 Reinforcement ratio of the frame. 

 
5 CONCLUSIONS 

This paper focuses on the behaviour of RC frames with in- 
fill walls during earthquake excitation. For this, the numerical 
model was developed and validated against experimental re- 
sults. The validated model was further used to study various 
parameters to capture their effect on the seismic response of 
the RC frames. The conclusions as below: 

1. The increase of maximum load level for higher verti- 
cal loads. 

2. The increase in the column dimensions leads to an in- 
crease in the initial stiffness and maximum load. 

3. The frame stiffness is an important parameter as it di- 
rectly influences the maximum load capacity of the 
bare frame and the displacement demand generated 
by the RC frame system. 

4. The change in the reinforcement ratio influences the 
Infilled frame response 

5. The concrete class slightly increases the stiffness of 
the model, but it does not influence the drift level 
when the cracking of the infill starts. 
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