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ABSTRACT
The developing countries located in the tectonically active regions have a high potential risk of future
earthquakes that threaten life safety and damage of property. These damages could be occured as a result
of inappropriate structural design as well as due to lack of proper quality control at the time of construction.
Bangladesh, lying in earthquake prone region possess many seismically vulnerable structures and would
need to be strengthened for future usage in accordance with the current building code. In this context,
assessing the responses of the existing building frames with or without infilled masonry is essential for
designing an adequate strengthening scheme that is suitable for building. Before assessment of building by
numerical modeling, it is essential to evaluate the performance of existing modeling technique of masonry
infilled RC frame. This performance evaluation of the modeling technique can be conducted using existing
experimental results of masonry infilled RC frame specimens which have been investigated by several
researchers to investigate the lateral behavior of masonry infill panel surrounded by RC frames under cyclic
or dynamic loading.
Present study intends to model and simulate one of the available masonry infilled test specimens where
fiber modeling approach of RC member and multi-strut model of infill masonry have been considered. In
addition, the numerically obtained lateral strength has also been compared with analytically evaluated
lateral strength. To conduct this study, a masonry infilled RC frame having aspect ratio of 0.9 has been
modeled in SeismoStruct (2021) using low strength materials (i.e. compressive strength of concrete is of
14 MPa and compressive strength of masonry is of 11 MPa) focusing the field condition of developing
countries like Bangladesh. The model has been subjected to a cyclic lateral loading with drift level ranging
from 0.0625% to 3% and each column has been subjected to a continuous axial load of 350 kN which is
similar to the experimental loading protocol. The RC frame has been modeled using displacement based
inelastic beam-column elements while the masonry panel has been modeled using multi strut model.
Masonry panel consists of four strut members, where axial loads are carried by two parallel struts in each
diagonal direction and two shear springs transmit the shear from the panel’s top to bottom in the direction
of loading. The lateral responses obtained from numerical analysis, using SeismoStruct (2021), showed a
fair agreement with the experimental cyclic behavior having a ratio of experimental to numerical lateral
capacity of 0.97. In addition, the specimen has been evaluated analytically to validate the numerical result
more precisely. The numerical lateral strength also indicates good conformity with analytical evaluation
having analytical to numerical lateral capacity ratio of 1.13.
Keywords: RC frame; Infill masonry; Fiber modeling; Multi strut model; Performance evaluation.
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1. INTRODUCTION
Masonry infilled RC frame is a widely used structural system around the world. Masonry infill panels have
considerable impact on seismic performance since they've caused severe damages in the previous
earthquakes (Vielma et al., 2021). It has been found that masonry infill is most commonly used as internal
partition walls and exterior walls in buildings depending on its usage. However, they are rarely considered
in numerical analysis since it is challenging to create an appropriate analytical model for infill panels that
can simulate the actual behavior. Neglecting the effects of masonry infill can result in an underestimation
of structural damage in masonry infilled RC frame structures subjected to cyclic or dynamic loads. But the
rigidity and strength of a system are significantly enhanced by using brick infill panels. So, it is important
to evaluate the performance of the existing modeling techniques of masonry infilled RC frame through
numerical analysis.
The primary objective of this study is to numerically model and investigate the lateral behavior of a bare
RC frame and an infill panel surrounded by RC frame that have been experimentally investigated by Seki
et al., (2018). This paper aims to employ fiber modeling approach for RC frames and multi-strut modeling
approach for infill masonry in assessing the lateral performance of the aforementioned test specimens. The
second objective is to compare the lateral responses obtained from numerical analysis with experimentally
achieved cyclic behavior to validate the utilized numerical models for performance evaluation of the RC
frame with infill masonry. In addition, this study also compares the numerically obtained result with
theoretically evaluated lateral capacity of the test specimens for the validation of the numerical model more
precisely.
2. MODELLING APPROACH
2.1 Reference test specimen
The numerical modeling presented in this study represents the experimental tests carried out by Seki et al.,
(2018) that focus the retrofit technologies for RC buildings containing masonry walls in developing
countries. Five specimens were tested along with a bare RC frame (S1-F) and a masonry infill panel
surrounded by RC frame (S3-FM) in that experimental study. Based on their test, present study intends to
simulate the bare RC frame and the masonry infill panel surrounded by RC frame in the SeismoStruct
(2021) software.
In Table 1, the material properties of concrete, masonry and reinforcement have been listed. The dimension
and reinforcing steel arrangement of the specimens have been illustrated in Figure 1.
Table 1: Material properties of concrete, masonry and reinforcement (All values are in MPa)
Specimen
Concrete
Masonry
Reinforcement
Φ8
Φ10
Φ12
𝑓′𝑐
𝑓𝑚
𝑓𝑦
𝑓𝑢𝑙𝑡
𝑓𝑦
𝑓𝑢𝑙𝑡
𝑓𝑦
𝑓𝑢𝑙𝑡
S1-F
S3-FM
14
11.6
364
429
454
553
428
525
𝑓′𝑐 = concrete compressive strength, 𝑓𝑚 = masonry compressive strength, 𝑓𝑦 , 𝑓𝑢𝑙𝑡 = yield and ultimate strength of
reinforcement.
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(a) Bare RC frame

(b) Masonry infilled RC frame

(c) Column section

(d) Beam section

Figure 1: Dimension and reinforcement detailing of reference specimens (Dimensions are in cm) (Seki et
al., 2018)
2.2 Modelling scheme
A finite element software, SeismoStruct (2021), which can predict the substantial amount of deformation
behaviors of the RC frames under static or dynamic loading, has been used for this study. The RC frame
has been developed using fiber modeling approach (shown in Figure 2(a)), while the masonry panel has
been modeled applying multi strut model (shown in Figure 3(a)-(b)). At first, column and beam were
defined as “infrmDB” element, based on member’s stiffness. This formulation can model space frame
members considering geometric and material nonlinearities and can achieve better accuracy for the
distribution of deformation (Seismosoft 2021). Each beam column element has been further subdivided into
300 fibers to obtain better distribution of stress and strains, as shown in Figure 2(b)-(c), considering the
nonlinear uniaxial material behavior by integrating the individual fibers. Then a multi-strut model, proposed
by Crisafulli & Carr (2007), has been employed for the modeling of infill panels within the bare frame
structure. This model is composed of four nodes masonry panel elements. Each masonry panel consists of
four strut members, where two parallel struts in each diagonal direction carry axial loads, and two
alternative shear springs transmit the shear from top to the bottom of panel in the direction of loading. As
shown in Figure 3(a), four internal nodes have been introduced to represent frame and infill contact at
column and beam’s exterior whereas four dummy nodes represent the actual contact length between frame
and infill panel. The internal forces have been transferred to the four external nodes where the infill panel
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300 mm

250 mm

1950 mm

is attached to the frame. The axial load struts follow the masonry strut hysteresis model where the shear
strut follows bilinear hysterisis rule. Figure 3(b) shows shear modeling using a shear spring at both loading
directions.

250 mm

250 mm

2250 mm

(a)

(b)

(c)

Figure 2: (a) Analytical model of masonry infilled RC frame (b) Column section
(c) Beam section

(a)

(b)

Figure 3: (a) Infill panel element configuration (b) Shear spring modelling
2.3 Constitutive material models
2.3.1 Concrete and reinforcing steel material models
An in-elastic beam-column element for concrete and reinforcement have been employed for numerical
modeling of RC frame members. Specifically, the materials “con-ma” and “stl-gmp” that are available in
the SeismoStruct were used for the modeling of concrete and reinforcing steel, respectively. The concrete
model “con-ma” is a uniaxial nonlinear model with fixed confinement proposed by Mander et al., (1988).
In this model, reinforced concrete members with axial compression forces are confined by transverse steel
which enhances the member strength and ductility, creating a fixed effect of confinement and constant
confinement pressure has been considered all through the strain-strain range. The Giuffre-Menegotto-Pinto
steel model with isotropic hardening (referred as “stl-gmp”), fully described by Filippou et al., (1983) is a
special plasticity model for the cyclic behavior of reinforcing steel. The Giuffre-Menegotto-Pinto (GMP)
constitutive stress-strain relationship has been widely utilized to model the nonlinear behavior of steel
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reinforcement under cyclic loading. Especially when reversal load occurs, this model can be widely used.
This model provides a better prediction of stress-strain relation compared to the other formulations
available.
2.3.2 Cyclic compression strut relation
Crisafulli (1997) proposes a masonry infill strut model which has been used to specify the response of
masonry under axial cyclic loads. Six material properties have been used to represent the constitutive rule
for the axial cyclic response of the strut as stress-strain relationships, as follows:
(ⅰ) Initial modulus of elasticity, 𝐸𝑚 : The elastic modulus, which indicates the primary slope of stress-strain
curve. It has a wide range of values since masonry consists of bricks and mortars. The average value of 𝐸𝑚
which is used here is 550 times of 𝑓𝑚 , where 𝑓𝑚 = masonry prism compressive strength, in accordance with
the proposal by Kaushik et al., (2007).
(ⅱ) Compressive strength, 𝑓𝑚𝜃 : The compressive strength represents the diagonal capacity of infill panel
element which is different from the usual compressive strength of the infill panel. The suitable technique is
to compute a strength value for each probable failure mechanism and use the minimum value as
compressive strength. Four different failure mechanisms have been identified by Bertoldi et al. (1993).
Among these, diagonal tension may not be considered as a failure (Moretti 2015) and compression at corner
is similar to diagonal compression failure. It is found in numerous literature that most of the infill panel
shows sliding shear failure (Seki et al., 2018, Celano et al., 2021, Zovkic et al., 2012) and compression at
center of the panel (Kaya et al., 2018, Essa et al., 2014, Alwashali et al., 2017). Hence only these two
failure mechanisms have been considered herein and the compressive strength (𝑓𝑚𝜃 ) corresponding to
sliding shear and compression at center panel is computed as per equation (1) and equation (2), respectively.
(1.2 𝑠𝑖𝑛𝜃+0.45 𝑐𝑜𝑠𝜃)𝑓𝑤𝑢 + 0.3𝜎𝑣

𝑓𝑚𝜃 =

(1)

𝑏𝑤
𝑑𝑤

1.16 𝑓′𝑤 𝑡𝑎𝑛𝜃
𝐾1 +𝐾2 𝜆ℎ

𝑓𝑚𝜃 =

(2)

where, 𝑓𝑤𝑢 = sliding resistance of mortar joints, 𝜎𝑣 = vertical compressive stress due to gravity loads, 𝑓′𝑤 =
fundamental compression resistance, 𝑑𝑤 = diagonal length of the panel, 𝑏𝑤 = effective width of the diagonal
strut, h= infill panel height. The K1 and K2 parameters can be expressed as a function of λh, presented in
Table 2 and, λ is dimensionless relative stiffness parameter, expressed as equation (3).
4

𝐸𝑚 𝑡𝑚 sin 2𝜃
4𝐸𝑐 𝐼𝑐 ℎ𝑤

𝜆=√

(3)

where, 𝐸𝑚 = elastic modulus of the masonry, 𝑡𝑚 = infill panel thickness, 𝐸𝑐 = elastic modulus of column, θ=
angle of diagonal with horizontal and 𝐼𝑐 = moment of inertia of column and ℎ𝑤 = infill panel height.
Table 2: The Parameters of K1 and K2 (Skafida et al., 2014)
λh<3.14
K1
K2

1.3
-0.178

3.14<λh<7.85
0.707
0.010

ICCESD-2022-4455-5

λh>7.85
0.47
0.04

Proceedings of the 6th International Conference on Civil Engineering for Sustainable Development
(ICCESD 2022), 10~12 February 2022, KUET, Khulna, Bangladesh (ISBN-978-984-35-1972-6)

(ⅲ) Tensile Strength, 𝑓𝑡 : It specifies the masonry’s tensile strength or the bond-strength of the contact
between frame and infill panel. It is assumed to be zero as it has a lower value compared with compressive
strength and has a negligible impact on the total behavior.
(ⅳ) Strain at maximum stress, 𝜀𝑚 : It specifies the strain at maximum stress and is influenced by changes in
the secant stiffness of the stress-strain curve's ascending branch.
(ⅴ) Ultimate strain, 𝜀𝑢𝑙𝑡 : It regulates the stress-strain curve’s descending branch, which is developed using
a parabola to ensure strut response is as controlled as possible.
(ⅵ) Closing strain, 𝜀𝑐𝑙 : It specifies the strain when the cracks are slightly closed allowing compressive stress
to form.
Furthermore, Crisafulli (1997) proposes a set of empirical parameters based on the results of experiments
associated exclusively with the cyclic behavior to fully define the hysteretic behavior of masonry panel as
shown in Table 3.
2.3.3 Cyclic shear spring relation
Crisafulli (1997) proposes a bilinear model that represents the cyclic behavior of the shear spring. The shear
strength of infill panel can be expressed as a combination of two mechanisms named as resistance to friction
between bricks and mortar joints and bond strength. Four parameters were defined hereinafter, namely the
friction co-efficient, maximum shear strength, shear bond strength and reduction shear factor, to fully
characterize the shear cyclic relationship in the model.
2.3.4 Geometric properties of the masonry panel
The geometric properties as stated below are needed in order to fully define the masonry panel model.
(ⅰ) Thickness of infill panel: It can be expressed as equal to the panel bricks width alone or including plaster
contribution, which is 115 mm in this study.
(ⅱ) Initial and reduced strut area: The initial strut area of the masonry panel is a product of the equivalent
width of the strut and the panel thickness. The expression proposed by Klingner & Bertero (1978) has been
used to compute the equivalent strut width. The reduced strut area is represented as percentage of initial
strut area. Higher value (e.g. 95%) of initial strut area gives smooth degradation of stiffness while lower
value (e.g. 10%) gives sudden degradation. The initial strut area of the specimen is found to be 30795 mm2
and 95% of initial strut area has been used as the reduced strut area in this study.
(ⅲ) Equivalent contact length: It represents the vertical height of the panel in percentage, which provides
the distance between dummy nodes and internal nodes. In this study, 13% of vertical height of the panel
has been used as equivalent contact length.
(ⅳ) Horizontal and Vertical offsets: They represent the distance between exterior corner nodes and internal
nodes. Horizontal offset is the percentage of the ratio of column depth and masonry length and vertical
offset is the percentage of the ratio of beam depth and masonry height and the values are 12.50% and
16.67%, respectively for this study.
(ⅴ) Proportion of stiffness assigned to shear: It represents proportion to the panel stiffness to which shear
springs should be allocated, which is considered 5% in this study.
The parameters used for the diagonal strut and shear spring of the masonry panel are presented in Table 3.
2.4 Load and Restraint
The models have been subjected to cyclic lateral loading and a continuous axial load of 350 kN has been
applied on each column which is similar to the experimental loading protocol. The cyclic lateral loading
was consisted of two cycles for each lateral drift of 0.0625%, 0.125%, 0.25%, 0.50%, 1.0%, 1.5%, 2.0%
and 3.0%. All nodes at the base of the columns have been restrained in all directions to prevent any rotation
and translation.
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Table 3: Simulated parameters of the strut and shear spring element of the specimen
Parameters
Initial modulus of elasticity, 𝐸𝑚
Compressive strength of masonry panel, 𝑓𝑚𝜃
Tensile strength of masonry panel, 𝑓𝑡
Strain at maximum compressive stress, 𝜀𝑚
Closing strain, 𝜀𝑐𝑙
Ultimate strain, 𝜀𝑢𝑙𝑡
Shear bond strength of masonry panel, 𝜏𝑜
Friction coefficient, μ
Maximum shear stress, 𝜏𝑚𝑎𝑥
Shear reduction factor, 𝛼𝑠
Starting unloading stiffness factor, 𝛾𝑢
Strain inflection factor, 𝛼𝑐ℎ
Strain reloading factor, 𝛼𝑟
Stress inflection factor, 𝛽𝑐ℎ
Complete unloading factor, 𝛽𝑎
Reloading stiffness factor, 𝛾𝑝𝑙𝑟
Zero stress stiffness factor, 𝛾𝑝𝑙𝑢
Plastic unloading stiffness factor, 𝑒𝑥1
Repeated cycle strain factor, 𝑒𝑥2

Unit
MPa
MPa
MPa
MPa
MPa
-

Value
6380
1.25
0
0.0036
0.003
0.072
0.35
0.70
0.65
2
1.5
0.6
0.4
0.7
2.0
1.25
1.0
2.0
1.5

3. STRENGTH EVALUATION OF RC FRAME AND MASONRY INFILLED RC FRAME
3.1 Strength evaluation of bare RC frame
The lateral resistance of bare RC frame has been evaluated considering the minimum lateral strength of RC
columns considering both shear hinge at middle and flexural hinges at top and bottom of the column. The
lateral capacity of RC frame (𝑄𝑓𝑟 ) has been calculated as per JBDPA (2001), using equation (4), (5), (6),
(7).
𝑄𝑓𝑟 = 2 ∗ 𝑚𝑖𝑛[𝑄𝑠𝑢 & 𝑄𝑚𝑢 ]

(4)

Where, 𝑄𝑓𝑟 = bare RC frame capacity, 𝑄𝑠𝑢 = shear strength of RC frame and 𝑄𝑚𝑢 = ultimate flexural strength
of RC frame.
The ultimate shear strength of column has been computed using equation (4). The ultimate shear strength
of beam has been ignored here because beam hardly fails under shear.
0.053𝑝𝑡 0.053 ∗(18+𝐹𝑐 )

𝑄𝑠𝑢 = (

𝑀
+0.12
𝑄∗𝑑

+ 0.85√𝑝𝑤 ∗ 𝜎𝑤𝑦 + 0.1𝜎𝑜 ) ∗ 𝑏 ∗ 𝑗

(5)

Where, 𝑝𝑡 = ratio of tensile rebar (%), 𝑝𝑤 = ratio of shear rebar, 𝜎𝑤𝑦 = yield strength of shear rebar, 𝜎𝑜 =
axial stress in column, M/Q= length of shear span (ho/2 is default value), d= effective depth of column, j=
distance between centroid of compression and tension force.
The flexural strength of the frame (𝑄𝑚𝑢 ) has been computed from equation (6) considering the moment
capacity of RC columns (𝑀𝑢 ) as well as beam (𝑀𝑏 ). As per equation (7), the ultimate moment capacity of
the column has been calculated considering the effect of axial loads. The ultimate moment capacity of beam
has been calculated from equation (8).
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𝑄𝑚𝑢 =

𝑀𝑢 +𝑀𝑖𝑛(𝑀𝑢 &𝑀𝑏 )
ℎ

(6)
𝑁𝑚𝑎𝑥 −𝑁
)
𝑁𝑚𝑎𝑥 −0.4𝑏∗𝐷∗𝐹𝑐

𝑀𝑢 = (0.8𝑎𝑡 ∗ 𝜎𝑦 ∗ 𝐷 + 0.12𝑏 ∗ 𝐷 2 ∗ 𝐹𝑐 ) ∗ (

(7)

𝑀𝑏 = 0.9𝑎𝑡 ∗ 𝜎𝑦 ∗ 𝑑

(8)

Where, N= Axial force, 𝑁𝑚𝑎𝑥 = axial compressive strength = bxDxFc+ 𝑎𝑔 x𝜎𝑦 , 𝑁𝑚𝑖𝑛 = Axial tensile strength
= -𝑎𝑔 x𝜎𝑦 , 𝑎𝑡 = total cross sectional area of tensile reinforcement (mm2), 𝑎𝑔 = total cross sectional area of
reinforcement (mm2), b= column width, D= column depth, 𝜎𝑦 = yield strength of reinforcement, 𝐹𝑐 =
concrete compressive strength, d= effective depth of beam.
3.2 Strength evaluation of masonry infilled RC frame
The lateral resistance of the infill panel surrounded by RC frame (𝑄𝑚𝑎𝑠 ) has been evaluated as the
summation of infill masonry capacity and frame capacity considering minimum of diagonal compression
(𝑄𝑚𝑎𝑠,𝑐𝑜𝑚𝑝 ) and sliding capacities (𝑄𝑚𝑎𝑠,𝑠𝑙𝑖𝑑𝑖𝑛𝑔 ).
In case of diagonal crushing failure, a diagonal strut forms and crushes inside the RC frame eventually. The
strut width has been computed using equation (9), (10) as proposed by Mainstone (1971), which is also
suggested by FEMA 306. The lateral capacity of infill during crushing is considered as the horizontal
component of diagonal strut capacity as equation (11).
𝑎 = 0.175 ∗ (𝜆 ∗ ℎ𝑐𝑜𝑙 )−0.4 ∗ 𝑟𝑖𝑛𝑓

(9)

𝐸𝑚 ∗𝑡𝑖𝑛𝑓 ∗𝑠𝑖𝑛2𝜃 0.25
)
4𝐸𝑓 ∗𝐼𝑐𝑜𝑙 ∗ℎ𝑖𝑛𝑓

𝜆=(

(10)

𝑄𝑚𝑎𝑠,𝑐𝑜𝑚𝑝 = 𝑎 ∗ 𝑡𝑖𝑛𝑓 ∗ 𝑓𝑚90 ∗ cos 𝜃

(11)

and, 𝑎= equivalent strut width, λ= stiffness parameter, ℎ𝑐𝑜𝑙 = column height at centerlines of beam, 𝐼𝑐𝑜𝑙 =
moment of inertia of column, ℎ𝑖𝑛𝑓 = height of masonry infill, 𝑡𝑖𝑛𝑓 = thickness of infill, 𝐸𝑓 = modulus of
elasticity of frame material, 𝐸𝑚 = modulus of elasticity of the infill material, θ= angle between diagonal and
horizontal and 𝑟𝑖𝑛𝑓 = diagonal length of masonry infill, 𝑓𝑚90 = masonry compressive strength at horizontal
direction (=0.5𝑓𝑚 as proposed by FEMA 306), 𝑓𝑚 = masonry compressive strength.
And, the lateral capacity of infill during sliding has been calculated as using equation (12) as per Paulay &
Priestly (1992).
𝑄𝑚𝑎𝑠,𝑠𝑙𝑖𝑑𝑖𝑛𝑔 = [(

0.03𝑓𝑚
ℎ𝑖𝑛𝑓
𝐿𝑖𝑛𝑓

1−𝜇∗

) ∗ 𝐿𝑖𝑛𝑓 ∗ 𝑡𝑖𝑛𝑓 ]

(12)

Where, μ= Co-efficient of friction= 0.45, 𝐿𝑖𝑛𝑓 = Length of infill panel.
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4. VERIFICATION OF THE NUMERICAL MODEL
The numerically obtained lateral behaviors of the bare RC frame and infill panel surrounded by RC frame
have been compared with the experimentally achieved cyclic behavior as well as the theoretically obtained
lateral strength.
4.1 Experimental result
The bare frame exhibited the highest lateral resistance of 81 kN and -79 kN at 1.0% and -1.5% story drift,
respectively. The specimen failed at 2% story drift in the negative cycle by flexural hinge formation at
bottom and top of the column. Adding of the masonry wall significantly enhanced the lateral resistance to
156 kN and -191 kN at 1.0% and -1.0% story drift, respectively, which is 2.2 times greater than the bare
frame capacity and the specimen failed at 3% story drift. The full details of lateral cyclic behavior of can
be found in Seki et al., (2018).
4.2 Analytical result
The theoretically computed capacities of bare frame and masonry infilled RC frames have been presented
in Table 4. The lateral capacity of the bare RC frame was found to be 68.20 kN, shows good agreement
with experimental capacity of 80 kN (average of both directions), with a ratio of experimental to analytical
capacity of 1.17.
For infill panel surrounded by RC frame, the lateral capacity of the surrounding frame and the bare frame
has been considered equal. As discussed in earlier section, the capacity of infill panel is minimum of sliding
capacity and diagonal compression capacity, but in this study both the capacities has been found almost
equal. The calculated lateral capacity of 202.95 kN shows fair agreement with experimental capacity of
173.5 kN (average of both directions), with a ratio of experimental to analytical capacity of 0.85.
Table 4: Analytical capacity of the specimens
Specimen

Bare RC
Frame
(S1-F)
Masonry
infilled RC
frame
(S3-FM)

𝑀𝑢

𝑀𝑏

𝑄𝑚𝑢

𝑄𝑠𝑢

𝐹𝑟𝑎𝑚𝑒
Capacity

𝑄𝑚𝑎𝑠(𝑐𝑜𝑚𝑝)

𝑄𝑚𝑎𝑠(𝑠𝑙𝑖𝑑𝑖𝑛𝑔)

(kN)

(kN)

(kN)

(kN)

(kN)

(kN)

(kN)

Masonry Infilled
RC Frame
Capacity
(kN)

45.61

16.36

34.42

79.20

68.84

-

-

-

45.61

16.36

34.42

79.20

68.84

134.11

134.52

202.95

4.3 Comparison with numerical result
The bare frame showed maximum lateral resistance of 68 kN and 91 kN at 0.5% and -1.5% story drift,
respectively while the masonry infilled RC frame showed maximum lateral resistance of 160 kN and 197
kN at 0.5% and -0.5% story drift, respectively after simulating the models in the software.
Figure 4 represents the comparison between numerical and experimental results of the specimens in terms
of lateral load resisting capacity. For bare frame, Figure 4(a) shows that experimental and numerical result
agrees well regarding initial stiffness however, a significant deviation of stiffness has occurred in inelastic
stage. The numerical model underestimates the peak strength in positive direction and overestimates in
negative direction in comparison to experimental result having a ratio of experimental to numerical capacity
of 1.0 (average of both directions). The graph also explains that the peak strength achieved at same story
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drift (-1.5%) in negative drift cycle but at different story drift in positive drift cycle. After reaching peak
strength, sudden degradation can be observed in experimental result while the numerical result shows
gradual degradation in terms of lateral resistance.
Experimental

Seismostruct

Experimental
250

250
Bare Frame

Lateral load (kN)

81 68

50
-50
79

-150

91

50
-50

-150
191 197

-250

-250
-4

-2

160 156

Masonry infilled
RC frame

150

150

Lateral load (kN)

Seismostruct

0
2
Story drift (%)

-4

4

-2

0
2
Story drift (%)

4

(b)

(a)

Figure 4: Comparison graph of numerical and experimental results of (a) Bare RC frame
(b) Masonry infilled RC frame
For infill panel surrounded by RC frame, Figure 4(b) shows that the initial stiffness obtained from the
numerical analysis shows good conformity with experimental result while the stiffness at inelastic stages
deviates. The peak strength predicted by the numerical model in both directions also shows good agreement
with experiment but the peak strength achieved at different story drift in both directions. After reaching
peak strength, smooth degradation can be noticed in both experimental and numerical results in terms of
lateral resistance.
Table 5 shows comparison of the numerically evaluated lateral resistance of the specimens with
experimental result as well as with analytical evaluation.
Table 5: Comparison of Lateral resistance of all the specimens

Specimen

Bare RC frame
Masonry
infilled
RC frame

Lateral resistance
Numerical
(kN)

Experimental
(kN)

Qe/Qn

Analytical
(kN)

Qt/Qn

Positive

Negative

Avg.

Positive

Negative

Avg.

81

79

80

68.20

91.87

80.04

1

68.84

0.86

156

191

173.5

160.29

197.41

178.85

0.97

202.95

1.13

The theoretically evaluated lateral capacity of the bare RC frame of 68.20 kN, shows good agreement with
numerically obtained capacity (average of both directions), with a ratio of analytical to numerical capacity
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of 0.86. For masonry infilled RC frame, the calculated lateral capacity of 202.95 kN shows fair agreement
with numerical results (average of both directions), with a ratio of analytical to numerical capacity of 1.13.
Therefore, the utilized lateral behavior evaluation procedure for both the specimens can precisely predict
the actual lateral behavior of masonry infill panel surrounded by RC frame.
5. CONCLUSION
This study presents numerical modeling and simulation of one bare frame and one masonry infilled RC
frame in SeismoStruct software based on one of the available experimental tests by Seki et al., (2018). The
numerically obtained lateral behaviour of the aforementioned test specimens have been validated by
comparing the simulated results with experimental ones, also with theoretically evaluated lateral strength.
The lateral responses of both the specimens obtained from numerical analysis showed a fair agreement with
the experimental cyclic behavior having a ratio of experimental to numerical lateral capacity of 1.0 and
0.97, respectively. The numerical lateral strength of both the specimens also indicates good conformity with
analytical evaluation having analytical to numerical lateral capacity ratio of 0.86 and 1.13, respectively.
Therefore, the utilized approach of numerical modelling by SeismoStruct is capable of simulating the actual
structural behavior of RC frames with and without infilled masonry for seismic performance evaluation if
all the parameters are given accurately.
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