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Abstract

INTRODUCTION

Infill walls commonly used in R.C. buildings are usually
neglected in seismic analysis, assuming it to be nonstructural
elements. According to actual cases and experiments infill
walls significantly contributed to the seismic performance of
this kind of buildings. The current study focuses on the
evaluation of infill walls contribution to the seismic
performance of R.C. frames. A numerical model of infill wall
is developed to evaluate its contribution in the seismic
performance of R.C. frame under earthquakes. In this model,
the infill is replaced by a micro-modeling technic where the
blocks and mortar surrounding them are replaced by one
element having material properties as those of the infill wall.
The model is implemented in ABAQUS 6.14 software and
analyzed under actual earthquake excitation took place in Iraq.
The case studied is analyzed under actual earthquake
excitation where compression damage at certain locations on
the frame are traced till the end of the excitation period.
Stresses in the frame and infill wall, damage in the infill wall
and horizontal drift of the frame are also traced. The overall
behavior of the case studied at different locations in the frame
showed significant difference from the behavior and damage
locations of the same frame without infill walls. The
contribution of the infill walls is significant and the whole
behavior and damage taking place in the frame under
earthquake excitation are completely different than the
behavior of R.C. frame without infill walls, which leads to the
conclusion that the addition of infill walls as part of the
frames in the analysis under earthquakes is necessary since it
changed the behavior and damage sequence and location
significantly.

Masonry infill walls have been usually used as an infill
(partition) in RC frame buildings in countries exposed to
seismic activities. The main reason for using masonry units
(concrete blocks and/or clay bricks) is its easy use and lowcost in construction. Masonry construction is usually with
mortar as a necessary material used to bind individual
masonry units. Mortar is a mixture of a binding material with
sand, (Mollaioli, F., et. al., in 2004).

Keywords: R.C. frame; Infilled wall; Concrete damage
plasticity; Interface element; Finite elements; ABAQUS

In most of seismic resistant structural design procedures, the
masonry infill wall used with RC frame is considered as
nonstructural element in the structure. Therefore, this
understanding results in incorrect prediction of lateral
stiffness, ductility and strength of the RC frame. Several
researchers’ reluctance to take into account the contribution of
masonry infill units due to the inadequate information
concerning infilled RC frame behavior, complication involved
in analysis of structure, and doubt about the interaction
between infill wall and RC frame.
In fact the damage happened in RC frame buildings after
earthquakes showed that the infill masonry wall might played
significant role in the structural seismic resistant, because RC
frame buildings with masonry infill walls have sustained
higher seismic forces compared to bare frames (frames
without masonry infill wall). Many researchers have
experimentally studied the performance of masonry infill wall
in RC frame buildings. Experimental results correlated the
performance of masonry unit with the level of lateral loads
and the composite action between masonry infill wall and RC
frame. Therefore, the structural system stiffness becomes
larger than RC bare frame. With increasing lateral loads, the
masonry units starts to crack and slip at the interface between
RC frame and masonry infill units at the tension zone when
lateral loads further increased. On the other hand, on the
compression zone, the masonry units form a diagonal strut
action. (Brokken, S. T.).
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The main goal herein is studying the presence of masonry
wall in buildings subjected to seismic load which will lead to
better understanding all elements of the building frames
behavior. Numerical simulations are essential to provide
insight into the structural performance and guide the new
provisions in the derivation of rational design rules. Nonlinear
finite element analyses will be helpful in modeling the
complex masonry structures subjected to complex loading
conditions.

Since the governing equation representing the infilled
masonry wall in typical reinforced concrete frames subjected
to earthquake cannot be solved explicity, therefore, numerical
modeling will be used. The finite element method is a very
powerful tool for solving such problems in structural
engineering. (Evgeny Barkanov, in 2001).

Nonlinear finite-element models established in the last decade
include developments in component and interface
representation for infilled R.C. frames. The finite element
discretization and constitutive models of materials and
interfaces can be selected carefully to show all expected
modes of failures of components and interface namely, tensile
cracking and compressive crushing of concrete, tensile
splitting and compressive crushing of masonry units, fracture
in mortar joints, and reinforcement yielding.

Modeling of Concrete used in R.C. Frame & Block Units

Several previous studies established that the performance of
masonry infilled frame at the initial stages of lateral loading is
almost elastic and largely controlled by the characteristic of
the masonry panel. The structure performs as homogeneous
element due to the bond strength developed along the
interface of the structure. In such as case, the columns act as
compression or tension boundary members and the infill panel
acts as connecting shear element. The masonry panel
separates from the boundaries of the frame, except at the
diagonally compression corners as shown in Figure 1, as the
lateral force increase where some parts of panel-frame
interface crack due to the incompatible displacement resulting
from different deformational characteristics. Further, the
stresses at the tensile corners are relived while those near the
compressive corner are significantly increased. The masonry
wall subjected to compressive stresses along the loaded
diagonal. In this stage, the principal stress perpendicular to the
diagonal compression is compressive at the loaded corner and
tensile at the corner of the panel. Therefore, the loaded
corners are subjected to biaxial compression, whereas the
center of the wall panel is under a tension-compression stress
state, (Maidiawati, in 2010).

NUMERICAL FINITE ELEMENT MODELING

In this study, the numerical simulations to investigate the
structural behavior of R.C frame under earthquake have been
performed by the FE-code ABAQUS/CAE version 6.14. The
concrete damaged plasticity (CDP) material model has been
used to define the cyclic behavior of concrete used in R.C.
frame and concrete block units in partition walls respectively.
Truss element was used for modeling the reinforcing bars and
stirrups in the R.C. frame.

Modeling of Masonry Wall
In general, the approach towards modeling masonry with
mortar can focus on macro-modeling of masonry as a
composite or micro-modeling of the individual components,
units and mortar. The interface unit/mortar is responsible for
most cracking as well as slip of the block with respect to its
mortar. Depending on the level of accuracy and the simplicity
desired, it is possible to use the following models Figure 2.
a)

Detailed micro-modeling - joints are represented by
mortar continuum elements and dis-continuum interface
elements;
b) Simplified micro-modeling - joints are represented by
dis-continuum elements;
c) Macro-modeling - joints are smeared out in the
continuum.

Figure 1: Typical Deformation of Infilled Frame Under
Lateral Loading (Maidiawati, 2010)
Figure 2: Modeling of Masonry Structures
(Paulo B. Lourenco, et. al., in 1995).
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In the first approach, Young’s modulus, Poisson’s ratio and,
optionally, inelastic properties of both unit and mortar are
taken into account. The interface represents a potential
crack/slip plane with dummy stiffness to avoid
interpenetration of the continuum. In the second approach,
mortar is smeared out in the interface element and in the unit.
Note that, due to the zero thickness of the interface elements,
the geometry of the unit has to be expanded to include the
thickness of the joint. In this second approach the interface
elastic stiffness has to be calculated taking into account the
properties of both components. Accuracy is lost since
Poisson’s effect of the mortar is not included. The third
approach does not make a distinction between individual units
and joints but treats masonry as an anisotropic composite.
Regardless of the type of modeling adopted the following
failure mechanisms, characteristic of masonry, must be
considered Figure 3:
a-

Cracking in the joints,

b- Sliding along bed or head joints at low values of normal
stress,
c-

Cracking of the units in direct tension,

d- Diagonal tension cracking of the units at values of normal
stress sufficient to develop friction in joints, and
e-

Splitting of the units in tension as a result of mortar
dilatancy at high values of normal stress.

allow discontinuities in the displacement field and establish a
direct relation between tractions (σ, τ) and relative
displacements across the interface (un , us ). This relation is
usually written as:
t = Du
Where t = (σ , τ )T , D = diag. (k n , k s ) Where (kn and ks) are
joint stiffness for normal and shear respectively, and u =
(un , us )T where (un and us ) are relative displacement across
the interface for normal
and shear. Here a plane stress
configuration is assumed. The formulation of interface
elements is fairly standard and will not be revised here. The
researchers tried before to model the failure of mortar in shear
and tension in the joint with an interface model that includes
non-associated Coulomb friction with mode II softening on
the cohesion c and a parabolic discrete cracking mode I
softening on the tensile strength ft (Lourenço and Rots,
1992). Compressive crushing of masonry was modeled in the
unit. In (Lourenço and Rots, 1992) the strategy was applied
to the analysis of shear-walls and it was then concluded that
modeling of cracks in the units might be necessary. Otherwise
an over stiff post-peak response can be obtained, leading to a
limit load much higher than the one observed in the
experiments. Inclusion of a smeared crack approach for the
units leads to numerical difficulties and, presently, does not
seem to be a solution. The approach followed here is to
concentrate all the damage in the relatively weak joints and, if
necessary, in potential pure tension cracks in the units placed
vertically in the middle of each unit. The joint interface yield
surface has then to include all the mechanisms referred above
except uniaxial tensile cracking of the unit. Inclusion of the
first two mechanisms (tensile and shear failure of the joint)
was shown to be quite standard. By limiting the
compression/shear stress combinations the compressive
damage can be included in the model used as well as the
combined mortar shear failure and unit diagonal tension
failure. Therefore: a compression cap will be added to
standard models. The new interface cap model is used at a
micro-level. Remarkably, experiments carried out in shearwalls (Mann and Müller, in 1982) and panels subjected to
uniform state of stress (Dialer 1991) result in similar macrolevel yield surfaces, Figure 4.

(a)

Figure 3: Failure Mechanisms of Masonry (Paulo B.
Lourenco, et. al., in 1995).
A simplified micro-model will be adopted here. Units are
modeled with continuum elements and joints are modeled
with isoperimetric interface elements. Interface elements
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(b)

Figure 4: (a) Suggested Modeling Strategy and (b) Failure
Surface (Müller, 1982).
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Assessment of Modeling Strategy
Introducing 𝐸𝑢 , as the Young’s modulus of the unit, and 𝐸𝑚 ,
the Young’s modulus of the mortar. Figure 5 shows that due
to the zero thickness inherent in the interface element
formulation the geometry of the units has to be expanded by
mortar thickness tm in both x, y directions. It follows that the
elastic properties of the expanded “unit” and the interface
“joint” must be corrected to yield similar results. Due to the
relative dimensions of mortar and unit, it is assumed that the
elastic properties of the unit remain unchanged. Figure 5
shows a masonry sample subjected to a uniform normal stress,
a unit cell made of two half units and one joint as well as the
simplified modeling adopted for the cell. Further a uniform
stress distribution is assumed both in the unit and in the
mortar. Then, by making the deformation of the real and
simplified cells equal, the normal stiffness of the interface
joint reads:
kn =

Eu Em
tm (Eu −Em )

with the behavior of the same frame but without infilled wall.
The investigation and the comparison will be carried out by
studying the (Damage and Deformation) happened in the two
RC frames where any change taking place in the infilled wall
will be traced. These cases will show the difference in the
behavior of RC frame in each case.
The typical reinforced concrete frame with infilled
masonry wall under investigation in this study is made of one
bay two floors with dimensions and member sizes as those
usually used in all commercial buildings in Iraq. The model is
shown in Figure 6 and its details are given in Table 1.
The results were divided into four cases. Each case studied
through six locations located at the worst stressed positions in
the frame in order to correctly evaluate the behavior of the RC
frame in each case. Locations 1 and 2 are the basis of the
ground floor columns, locations 3, 4, 5 and 6 are the columnbeam joints for the first and second floors level, please refer to
Figure 7, for these locations.

Similarly for the shear component the following is assumed:
ks =

Gu Gm
tm (Gu −Gm )

Where:
kn and ks: (MPa/mm) are joint stiffness, for normal and shear
respectively,
Eu and Em : (MPa) are modulus of elasticity for unit and
mortar, also
Gu and Gm : (MPa) are the shear modulus for unit and mortar,
and
tm : (mm) is the actual thickness for the joints. The shear
modulus was calculated as:
G=

(a)

(b)

Figure 6: (a) RC frame model used in this study and (b)
Reinforcing Detailed of the Frame under Investigation

𝐸
2(1+𝜐)

Figure 5: Calculation of the Interface Equivalent Elastic
Stiffness

CASE STUDY
The effect of applying actual earthquake happened in Iraq on
the response and behavior of typical reinforced concrete frame
with infilled concrete block wall will be presented. The
behavior of the frame with the infilled wall will be
investigated (stiffness, strength and ductility) and compared
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Figure 7: Typical RC Frame Used in the Study- Reference
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Table 1: Detail of Typical RC Concrete Model
Cross
Longitudinal
Sectional Length Reinforcement
Dimensional (m)
(mm)

Stirrups

First
floor
columns

300× 300

3.00

8∅20

∅10/150mm

Ground
floor
columns

300× 300

4.50

8∅20

∅10/150mm

Beams

300 × 400

4.00

35
30
25
20
15
10
5
0

Stess MPa

Part

0

0.001

0.002
0.003
Inelastic strain

0.004

Figure 9: Relation between Compressive Strength-Crushing
Strain Data

3∅20at top ∅10/150mm
4∅20at bottom

The typical masonry wall used was formed from concrete
block units (20× 20 × 40 ) cm, with (10 mm) thickness of
mortar in joints, Figure 8.

Damage parameter

0.6
0.5
0.4
0.3
0.2
0.1
0
-0.1 0

0.001

0.002
0.003
Crushing strain

0.004

Figure 10: Damage-Crushing Strain Relation (Jankowiak and
Lodygowski, in 2006)
Figure 8: Typical Masonry Wall used in the Model
Concrete Tension Data
Concrete
In this study, plastic behavior of materials was defined, and
damage plasticity model for concrete will be used. All
parameters are derived from the mean strength of the concrete
f'c taken from previous experiment by Ghassan Al-Ghar, in
2002. Young’s Modulus for concrete and data points of stressstrain curve was obtained based on Jankowiak &
Lodygowski, in 2006. Density of concrete and Poisson’s ratio
are based on recommended values in Ernst and Sohn, in
2013.

Tension data was also obtained from a concrete damage
plasticity identification study carried out by (Jankowiak and
Lodygowski, in 2006) using structural concrete with tension
strength (2.1 MPa). The defined compression stress/strain
curve and the corresponding damage curve are presented in
Figures 11 and 12.
2.5
2
Stress MPa

MATERIAL DATA USED IN THE MODEL

1.5
1
0.5

Concrete Compression Data
Compression data was obtained from a concrete damaged
plasticity identification study carried out by (Jankowiak and
Lodygowski, in 2006), using structural concrete with
compressive strength (32 MPa). The defined compression
stress/strain curve and the corresponding damage curve are
presented in Figures 9 and 10.
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0
0

0.0005
0.001
Cracking Strain

0.0015

Figure 11: Tension Stress-Cracking Strain Relation

1.2
1
0.8
0.6
0.4
0.2
0
-0.2 0

Damage Parameter

Damage
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0.0005
0.001
Cracking Strain

0.0015

1.2
1
0.8
0.6
0.4
0.2
0
0

Figure 12: Concrete Tension Damage Relation
(Jankowiak and Lodygowski, 2006)

0.001

0.002
0.003
Inelastic Strain

0.004

Figure 14: Compression Damage Behavior of Concrete Block
(Zhao Huihui and Zhang Wenfang, 2012).

Concrete Blocks
0.8
Tesion Stress MPa

The concrete damage plasticity model can be used for
modeling the behavior of the plain concrete of the concrete
blocks but with other compressive strength suitable for the
blocks. A compressive strength of 18 MPa will be used Zhao
Huihui and Zhang Wenfang, 2012). The data of the concrete
block is shown in Table 2 and Figures from 13 to 16 below:

0.6
0.4
0.2
0
0

Table 2: Concrete Blocks Material Data
Compressive
Compressive Tension
Tension
Inelastic
Cracking
Strength
Damage Strength
Damage
Strain
Strain
(MPa)
parameter (MPa)
parameter

0

0

0.165

0

0

17.2

0.00012

0.35

0.213 0.000119

0.31

17.9

0.00032

0.65

0.363 0.000237

0.45

13.8

0.00057

0.81

0.434 0.000456

0.62

7.6

0.00161

0.9

0.45 0.000548

0.77

4.4

0.00245

0.95

0.65

0.00614

0.85

2.2

0.00295

0.98

0.7

0.01

0.95

1
0.8
0.6
0.4
0.2
0
0

0.005

0.01

0.015

Cracking Strain

20
Compressive Strength
MPa

0.015

Figure 15: Tension Behavior of Concrete Blocks
(Zhao Huihui and Zhang Wenfang, 2012).

Damage Parameter

13.8

0.005
0.01
Cracking Strain

Figure 16: Tension Damage of Concrete Blocks (Zhao
Huihui and Zhang Wenfang, 2012).

15
10
5

Reinforcing Steel

0

For ASTM grade 60 reinforcing steel with fy = 414 MPa the
general plasticity relation was used to define plastic strain.
Since steel is a much more homogeneous material, relative to
concrete, a typical stress/strain curve was used to define steel
plasticity as summarized in Figure 17.

0

0.001

0.002
0.003
Inelastic Strain

0.004

Figure 13: Compression-Inelastic Strain Behavior of concrete
block
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BOUNDARY CONDITIONS AND LOADING CASE

Stress (MPa)

800

ABAQUS provides a large collection of constraints that can
be used as the boundary conditions of the case under
investigation. In this research the embedded elements were
used in modeling reinforcing steel in concrete elements, the
concrete elements will be the host elements. The translational
degrees of freedom of the embedded node are constrained to
the interpolated values of the corresponding degrees of
freedom of the host element. Fully fixed boundary condition
for rotation and displacements were applied at the bottom of
the Ground story columns to prevent the movement of the
frame and to get good vision about the behavior and
performance of the presence of masonry wall in R.C. frame,
Figure 18.

600
400
200
0
0

0.05
0.1
Plastic strain

0.15

Figure 17: Steel Plastic Strain (Jankowiak & Lodygowski,
2006)

Material Data Used in ABAQUS
There are many parameters required for modeling the R.C.
frame with the infill wall. The general data for concrete,
blocks and reinforcement are:

The self-weight of the frame and walls are specified in the
load cases that used in analysis of the R.C. frame.
The earthquake of Ali-Al Gharbee was used in this work and
it was applied at two locations on one side of the frame at the
beams-columns connections, shown in Figure 19.

Concrete
Density

2450 kg/m3

Young’s modulus

27.6 GPa

Poisson’s ratio

0.18

Dilation angle

36

Eccentricity

0.1

fb0/fC0

1.16

ΚC

0.667

Figure 18: Boundary Condition on the bases of Columns

Viscosity parameter 0.000001
Concrete Blocks
Density

1900 kg/m3

Young’s modulus

19.2 GPa

Poisson’s ratio

0.15

Dilation angle

34

Eccentricity

0.1

fb0/fC0

1.16

ΚC

0.667

Viscosity parameter

0.000001
Figure 19: Earthquake applied

Reinforcing Steel
Density

7800 kg/m3

Young’s modulus 200 GPa
Poisson’s ratio

0.3

Ali-Al Gharbee Earthquake
Due to the limitation on recorded earthquake in Iraq, the
earthquake of Ali-Al Gharbee in Maysan province South of
Iraq took place on April 20, 2012 at 15:37:02 local time will
be used, Table 3 and Figure 20 shows information recording
from Iraqi Seismological Network (ISN).
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Table 3: Earthquake Recording Iraqi Seismological Network
(ISN).
Earthquake PGA
Region (cm/sec2)

PGV

Instrument Perceived Potential
Intensity Shaking Damage

(cm/sec)
11 km
104.151 9.0036
from AliAl
Gharbee

VI

Strong

Light

Furthermore the macro-modeling can be used by neglecting
the difference between masonry units and mortar joints,
through taking into account the properties of the masonry
units and mortar joints in an average through homogenization
techniques.

1.5
Acceleration(m/s2)

represents the slip plane and potential crack with initial
stiffness to prevent interpenetration of the continuum (solid)
elements. This enables to study the combined action of unit,
mortar and interface. This model for masonry requires large
cost and long time to procedure the analysis, therefore a
simplified micro-modeling of masonry was used in this
research. In this way masonry units are modeled by
continuum (solid) elements, whereas the behavior of the
mortar joints and masonry unit/mortar interface is lumped in
one interaction element, Figure 21.

1
0.5
0
-0.5
-1
-1.5
0

2

4

6

Time (sec)
Figure 20: Ali Gharbee Earthquake

Figure 21: Modeling of Simplified Micro-Modeling for
Masonry Structures with Zero Thickness Elements

ELEMENTS’ TYPES USED IN MODELING
Reinforced Concrete Elements
Reinforced concrete frame infilled by masonry wall is
modeled using three-dimensional finite elements. In
ABAQUS 6.14 the standard 3D stress elements can be used to
model the concrete and masonry units (concrete blocks). The
full 8(2x2x2) Gauss Quadrature integration rule is chosen to
represent the concrete. The C3D8R (A 8-node quadratic brick
element with full integration) elements.
For reinforcing bars truss elements are used because the
reinforcing bars don’t supply a very high bending stiffness.
Perfect bond is assumed to occur between concrete and steel
bars throughout the entire analysis. Therefore, the T3D2 (A 2node linear 3-D truss element) is used to model the
reinforcing bars.

To model the interface elements in ABAQUS, a specific type
of elements must be used that simulate the behavior of the
mortar joints. Cohesive elements in ABAQUS are preferable
for modeling the behavior of adhesives joints, with bonded
interfaces, (Ibrahim AL-Shaikh, in 2014).

Modeling the Contact Interactions
In this research, a traditional node-to-surface discretization
and the small sliding tracking approach is used for modeling
the interaction resulting from the mortar which is located
between block units, Figure 22. The choice of master and
slave typically has the effect on the results with a node-tosurface contact formulation

Interface Element
Masonry wall considered as a composite material that consists
from masonry units and mortar joints. For a full analysis of
the masonry, all elements should be modeled for the masonry
(masonry units, mortar, and the masonry units/mortar
interface). In this way masonry units and mortar in the joints
are modeled by continuum elements whereas the unit-mortar
interface is modeled by interaction elements. The interface
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Figure 22: Different Master-Slave Assignments with Nodeto-Surface
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Interaction Properties
The interaction between surfaces is defined by specifying a
contact property model for a contact interaction. Mechanical
contact property models include, the pressure-over closure
relationship that control the motion of the surfaces, a friction
model that specifies the resisting tangential motion in the
surfaces and a cohesive behavior that allows modeling the
behavior of adhesives joints.
The relationship pressure-overclosure used for this research is
the hard contact model. In the hard contact, the penetration is
not allowed at each constraint location. There is no end to the
magnitude of contact pressure, which can be transferred
between the contact surfaces.
Figure 24: Mesh of Masonry Wall

To define the friction model between the contact surfaces,
must determine the friction coefficient must be determined
which means that there is shear force that will develop in
contact surfaces. For this research, the friction coefficient
between concrete masonry units equals 0.44, (Ibrahim ALShaikh, in 2014 and Steve Sweeney, in 2002). For equations
above, the following values were determined.

k n (MPa/mm)
16750

k s (MPa/mm)
7600

FRAME MESH MODEL
Using the elements described, the following model was built
for the frame with its infill walls where Figure 23 shows the
overall model of the frame, Figure 24 shows the meshing of
the infill walls and Figure 25 shows the R.C. frame itself.

Figure 25: Mesh of Concrete

Case Study Results
After applying the full seismic excitation of Ali-Al Gharbee
earthquake, the results were divided into four cases. Each case
studied through six locations located at the worst stressed
positions in the frame in order to correctly evaluate the
behavior of the RC frame in each case. Locations 1 and 2 are
the basis of the ground floor columns, locations 3, 4, 5 and 6
are the column-beam joints for the first and second floors
level, please refer to Figure 7 for these locations.
These cases are:

CASE No.1 - Reference Frame
Figure 23: Frame Mesh Model

In this case, the R.C frame is without masonry infill wall and
subjected to full Ali Al-Gharbee earthquake. The results show
considerable effects of infill wall on the R.C. frame behavior.
To study these effects, an investigation made on damage
happened in six locations on the frame.
At location (1), the first compression damage crack happened
at 1.45 sec with percentage of damage value of 4%. This
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damage increased to reach 21% at 1.6 sec and 43% at 1.7 sec.
Maximum damage was recorded at 1.94 sec, see Figure 26.

4.2

2.90%

4.3

49%

4.4

0.30%

4.8

9%

4.9

45%

5

49%

Colors in the tables represent:
Red: Fully Damaged

Lastly, the damage in location (6) happened in beam-column
connection and started from 2.9% damage at time 4.2 sec,
increased until it reached directly to maximum value of
damage at time 4.3 sec, see Figure 31. Table 4 shows the
sequence of accumulated compression damage percentages at
each location in the R.C. frame for the case 1. Compression
damage in Frame and horizontal sway shown in Figures 32 &
33.
Table 4: Sequence of Accumulated Compression Damage
Percentages in R.C. Frame/Case 1

White: Not Damaged Yet

Sky Blue: Damage progressing

0.6
Compressive
Damage

Location (4), the compression damage happened in beamcolumn connection. The first compression damage happened
of 2% at time 2.5 sec and increased until it reached to 19% at
2.9 sec, the maximum value of compression damage happened
at time 3.28 sec, see Figure 29. The damage at location (5)
started at time 4.43 sec with 0.3% damage, and increased until
it reached to 9% at 4.78 sec and 45% at 4.95 sec. The ultimate
compression damage happened at time 5 sec, see Figure 30.
Damage happened in beam-column connection.

0.4
0.2
0

-2

0
-0.2

2

4

6

Time

Figure 26: Compression Damage of Location (1)/Case (1)
Compressive Damage

In location (2), the first compression damage crack happened
at 1.3 sec with 3% damage. At time 1.45 sec damage reached
11% and it reached to 39% at time 1.61 sec. Ultimate value
reached at time 1.7 sec, see Figure 27. The first compression
damage crack in location (3) showed in percentage 0.1% at
time 2.7 sec, from the values of this location we can notice
that, this location more resistance to the damage from other
locations. The compression damaged increased until it
reached to 12% at 3.2 sec and 48% at 3.7 sec. maximum value
of damage happened at time 4.07 sec, see Figure 28. The
damage happened at top of column and in beam-column
connection.

49%

4

-2

0.6
0.5
0.4
0.3
0.2
0.1
0
-0.1 0

2
Time

4

6

Location
1

2

3

4

5

Figure 27: Compression Damage of Location (2)/Case (1)
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Figure 28: Compression Damage of Location (3)/Case (1)
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Figure 33: Horizontal Sway in (mm) towards x-axis/ Case 1

Figure 29: Compression Damage of Location (4)/Case (1)

Compressive Damage

CASE No. 2 - Full Infilled Frame
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RC frame infilled by masonry walls in two floors, Figure 34.
In this case it was clearly noticed an improvement in the
behavior of frame to resist the earthquake. This conclusion
came from studying the damage at the 6 locations. From the
results little number of elements localized failure was noticed
in each element compared with the first case and the damage
curves becomes smoother than the curves of case 1.
2
Time
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6

Compressive Damage

Figure 30: Compression Damage of Location (5)/Case (1)
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Figure 34: Full Infilled RC Frame/Case 2

Figure 31: Compression Damage of Location (6)/Case (1)
The compression damage started at location (1) at time 2.2
sec with 0.17% damage. It showed a decrease in number of
element (volume of plastic hinge) damage. Then damage
increased until it reached 13% at 2.54 sec and 30% at 2.7 sec.
Very little number of element reached to maximum value of
damage at time 2.9 sec, see Figure 35. The damage happened
at the base of column.

Figure 32: Compression Damage happened in RC frame
without masonry infill wall/Case 1

At location (2), the damage happened at the base of column
in few elements compared with case (1) and begun from 1.1%
at time 2 sec. This damage increased and reached to 40% at
time 2.45 sec and 48% at time 2.6 sec, The maximum value of
damage happened in localized area compared with case (1)
reached at time 2.7 sec, see Figure 36. The compression
damage in location (3) started from 0.3% damage at time 3.9
sec, and increased until it reached to 12% at time 4.3 sec, 22%
at time 4.5 sec, and 30% at time 4.8 sec. It reached to 38% at
time 5 sec. It was noticed here that the maximum value of
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In location (4), the compression damage started from 0.7%
damage at time 3.7 sec, increased until it reached to 3.2% at
time 3.9 sec, but at time 4.3 sec reached to 37%. The
maximum percentage of damage happened in localized area
with little number of elements at time 4.5 sec, see Figure 38.
Locations (5 & 6) showed no damage in all elements.
The first damage in concrete blocks was at time 1.49 sec and
happened in the masonry wall of the first floor. The blocks
were completely damaged after time 3sec, see Figure 39.
Stresses in blocks is shown in Figure 40. Table 5 shows the
sequence of accumulated compression damage percentages at
each location in the R.C. frame for Case 2.
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Figure 36: Compression Damage in Location (2)/Case (2)
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Table 5: Sequence of Accumulative Compression Damage
Percentages in R.C. Frame/Case 2

0.6
Compressive
Damage

compression damage happened is only 38% and less than the
ultimate value of damage, see Figure 37.
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Figure 37: Compression Damage in Location (3)/Case (2)
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Figure 38: Compression Damage in Location (4)/Case (2)
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Figure 39: Show Damage in Masonry Infill Wall in R.C
frame at Time (a: 1.67sec, b: 2.2sec and c: 5sec).
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Figure 35: Compression Damage in Location (1)/Case (2)
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Figure 40: Stresses in Blocks Case 2
Figure 43: Masonry Infill Wall in the Top Floor Only/Case3

From the results shown in Table 6 we noticed improvement in
the general behavior of the R.C frame because of the presence
of the masonry wall. But the ground columns effected and
damaged. From that we concluded the fact of previously
studied mentioned to that, the presence of masonry wall at the
top only caused the improvement in the top and extra-large
mass at the bottom. In other meaning the stiffness of the top
bay increased and became more resistance to earthquake and
in other side the damage moved and converted to the weak
joints at the bottom. All that, can be noticed when following
the damage behavior that happened in the 6 locations.
Compression Damage in concrete shown in Figures 44 to 47.
Damage in walls shown in Figure 50. Stresses in blocks
shown in Figure 51. Table 6 shows the sequence of
accumulated compression damage percentages at each
location in the R.C. frame for the case 3.

Figure 41: Compression Damage happened in the Case of
Full Infilled Frame

Table 6: Sequence of Accumulative Compression Damage
Percentages in R.C. Frame/Case 3
location
Time

1

1.5
1.7
1.9
Figure 42: Horizontal Sway of the Case (2) in (mm) Toward
in x-axis in the Direction When the Earthquake Applied

2
2.5

CASE. No. 3 - Frame Infilled by Masonry Wall in the Top
Floor Only

2.7

This case is very wide speared in the typical building,
especially when the building is provided by a car park at the
bottom, Figure 43. for this reasons we decided to study this
case to knowledge the behavior of RC frame that partially
infilled and subjected to seismic excitation.

3
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3.4
3.5
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Figure 44: Compression Damage in Location (1)/case (3)
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Figure 48: Compression Damage happened in the R.C. Frame
of Case 3
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Figure 45: Compression Damage in Location (2)/case (3)
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Figure 49: Horizontal Sway in (mm)/ Case 3
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Figure 46: Compression Damage in Location (3)/case (3)
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Figure 47: Compression Damage in Location (4)/case (3)
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bottom floor only. The general behavior of RC frame becomes
better than previous cases of the bare frame and frame infilled
at top only.
Compression damage in concrete is shown in Figures from 53
to 58. Stresses in blocks are shown in Figure 62 and. Table 7
shows the sequence of accumulated compression damage
percentages at each location in the R.C. frame for case/4.

c

Table 7: Sequence of Accumulative Compression Damage
Percentages in R.C. Frame/Case 4

d

Figure 50: Show Damage in Blocks at Time (1.39sec,
1.68sec, 2.23sec and 5 sec) in (a, b, c and d) Respectively.

location
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Time
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10%

2
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Figure 51: Stresses in Blocks Case 3

CASE No. 4 - Frame Infilled by Masonry Wall at Ground
Floor Only
This case is also wide speared in the typical building in Iraq,
especially during construction …etc. For this reason, it was
important to study this case.

Figure 52: Frame Infilled by Masonry Wall at Ground Floor
Only/Case 4

From the results shown in Table 7 it was noticed that, the
damage moved to the top columns and the ground columns
becomes more resistant to damage and with higher stiffness
than the bare frame. This also verify and ensure the expected
behavior of the R.C. frame infilled by masonry wall at the
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Figure 53: Compression Damage in Location (1)/case (4)
Figure 57: Compression Damage in Location (5)/case (4)
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Figure 54: Compression Damage in Location (2)/case (4)
Figure 58: Compression Damage in Location (6)/case (4)
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Figure 55: Compression Damage in Location (3)/case (4)
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Figure 59: Compression Damage/ Case 4

0.4
0.2
0
-0.2

0

2

4

6

Time

Figure 56: Compression Damage in Location (4)/case (4)

Figure 60: Horizontal Sway in (mm) towards x-axis/ Case 4
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location 2 (bottom of ground floor columns)
giving delay of 0,7 sec from the 5 sec excitation

a

-

The maximum horizontal sway in the frame
without infill walls was 417 mm, but when infill
walls were added to the frame the maximum
horizontal sway reached to 164 mm. The walls
reduced horizontal movement by 60%.

-

At the end of the full excitation period, six plastic
hinges were formed at six connections of the
frame without infill walls, but when infill walls
were added only three plastic hinges were formed
at three connections and two connections were
not damage at all.

b

3-

It is clear that the behavior of the R.C. frames under
earthquakes will be changed when infill walls are
added. Damage, time delay, amount of damage and
amount of horizontal sway taking place will differ from
case to case depending on infill wall locations.

4- The micro-modeling for the blocks with mortar
surrounding them used in this study as the interaction
of the infill walls in the behavior of R.C. frames traced
the actual behavior of the frame under earthquake
accurately. The blocks reached their ultimate strength
and damage and failed at reasonable sequence with the
mortar surrounding them which gives an acceptable
trace of the overall behavior.

Figure 61: Damage in Concrete Blocks at time a: 1.32sec, b:
2.27sec, and c: 5sec.

5- from this study, it can be recommended that:

Figure 62: Stresses in Blocks Case 4

CONCLUSIONS
According to the results presented and the observations
obtained from the numerical analysis, the conclusions drawn
from this work can be summarized as follows:
1- The finite element model proposed in this work using
the elements of ABAQUS 6.14 with the micromodeling of the infill wall accurately predicted the
behavior and damage sequence of the R.C. frame and
the infill walls under earthquake.

The first plastic hinge was formed at time 1.3 sec
at locations 2 (bottom of ground floor columns)
when the frame was without infill walls, while the
first plastic hinge was formed at time 2 sec at

The dynamic analysis of frames under earthquake
excitation must consider the existence of the
partition walls in the analysis carried out, the
results will differ considerably.

-

During construction of R.C. buildings in areas
subjected to earthquakes. It is recommended to
start filling partitions from the ground floors to
reduce the effect of damage on the bottom
columns of the frame as they are reasonable for
carrying out the whole structure. While in other
cases of building partitions the sequence of the
damage will take place at the higher connections
leaving bottom connections undamaged and the
overall frame will not collapse.
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