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1- Introduction

Infill masonry walls are widely used for interior partitions
and exterior walls in reinforced concrete (RC) structures in
many parts of the world. On the other hand, frame
structures with ordinary solid masonry infill were often
found to have a poor deformation capacity. Serious
damage and loss of the stability of many masonry infill
walls have been reported during recent earthquakes. The
capacity of masonry infills is defined in two distinct
modes, namely in-plane force and out-of-plane force.
There is considerable evidence that the in-plane and out-
of-plane modes interact with each other due to the
multifaceted nature of seismic events. Therefore, the
effects of interaction modes also have to be taken into
account. The interaction effect of the out-of-plane
behavior on the in-plane behavior of masonry infill in
terms of resistance and deformation capacity is one of the
behaviors that are very difficult to simulate and control in
laboratory conditions because the laboratory conditions
are different from each other [3]. But in-plane and out-of-
plane interaction behaviors can be identified to some
extent by modeling in finite element software. Some
researchers consider the interaction effect of in-plane and
out-of-plane significant, while others consider this effect
negligible, and this difference in the opinion of researchers
is a worrying issue. All studies showed that the detached
parts of the masonry infill without contact with the frame
are quite vulnerable to out-of-plane loading.

2- Numerical modeling

In this paper, the laboratory models of Mansouri et al.
(2014) have been used for analytical models [4].
Analytical specimens, as shown in Fig. 1, consist of a
single-bay single-story RC frame and an RC frame with
solid masonry infill, with a scale of 1:2. The dimensions of
the masonry infill are 2100x1300x106 and the dimensions
of the brick are 31x49x106 (thicknessxheightxlength) in
millimeters.
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Fig. 1. Geometry and reinforcing details of reinforced
concrete frame and infill-frame masonry (dimensions in
millimeters) [32]

The masonry infill with four different connections with the

surrounding frame according to Fig. 2 was investigated:

1. The frame is connected to the masonry infill on four
sides (Fig. 2-a).

2. The frame is connected to the masonry infill on three
sides, the upper infill is a brick away from the beam of
the frame (Fig. 2-b).

3. The frame is connected to the middle frame of the
building materials on both sides, and the side vertical
lips of the infill are far a brick away from the
surrounding frame (Fig. 2-c).

4. The frame is connected to the infill of the building
materials on one side, and the side vertical lips and the
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upper lip of the infill are as far as a brick away from
the surrounding frame (Fig. 2-d).

c. Connect on 2 sides d Connect on 1 side
Fig. 2. Different connections of infill masonry with
frame

3- Finite Element Analysis

The numerical models are generated in finite element
ABAQUS soft. Static non-linear analysis (pushover) was
performed for the models of the masonry-infilled frame
with different boundary conditions. The results of the finite
element study on the interaction of in-plane and out-of-
plane masonry infills with different boundary conditions
are described. The effect of interaction on the seismic
response of masonry infill was analytically studied using
nonlinear statistics, or a so-called pushover. The ultimate
strength and effective stiffness of specimens can be
estimated based on the developed bilinear force-
displacement curves.

3-1 Out-of-plane loading

In this step, the out-of-plane pressure is applied on the
entire surface of masonry infills equal to the ground
acceleration from (1 g) to (10 g). The first specimen of the
masonry infilled frame is connected to its surrounding
frame on all four sides and has no distance from its
surrounding frame. The acceleration level (10 Q)
predominantly provided the greatest displacement in the
out-of-plane direction.

3-2 Out-of-plane loading after in-plane loading
Specimens were analyzed under in-plane loading and then
under out-of-plane loading. During the in-plane step, the
frame was applied and analyzed with the levels of drift of
0.5%, 1%, 2%, and 3%. During the out-of-plane step, the
damaged model was analyzed under a monotonic out-of-
plane pressure of 10 g. During the out-of-plane step, the
RC frame was restrained for out-of-plane displacement.

3-3 In-plane loading after out-of-plane loading

Specimens were analyzed under out-of-plane loading and
then under in-plane loading. During the out-of-plane step,
the damaged model was analyzed under a monotonic out-
of-plane pressure of 1 g. During the in-plane step, the
frame was applied and analyzed with a level of drift of 6%.
Analytical specimens then were loaded at different levels
of ground accelerations in the out-of-plane direction and

the amount of a reduction of strength and effectiveness was
measured with in-plane loading capacity.

4- Conclusions

In this study, RC frames infilled with solid masonry blocks
were examined using a nonlinear finite element approach
to investigate the performance of four infill support
configurations. The results of the investigations in this
paper can be summarized as follows:

The masonry infill connected on four sides has higher
stiffness and strength in out-of-plane loading than a
masonry infill connected on three sides. The stiffness
variations of masonry infill occur, at very high
accelerations because at very low accelerations, the
displacement of the infill does not occur in the out-of-plane
direction. The masonry infill is connected from four sides
in the relative displacement of 0.5%, 1%, 2%, and 3%. The
more the relative displacement is the more the out-of-plane
capacity drops. Therefore, the reduction of stiffness and
strength is directly related to the damage in-plane.

In the masonry infill connected to the frame on three
sides, when the relative displacement of the in-plane is
0.5%, the hardness drops more that the specimen where the
relative displacement of the in-plane is 3%. The reason
could be that the specimen with a relative in-plane
displacement of 3% sticks to its surrounding frame with
the arching action of the infill, and in this case, the stiffness
increases. The loss of the connection between the infill and
the frame leads to a greater loss in load-bearing and
deformation capabilities. In the investigation of the in-
plane behavior with the damage of the out-of-plane, the
specimen with a one-way connection had the greatest
decrease in stiffness, which was calculated to be about
40%.
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The effect of Boundary Conditions on the Seismic Performance of Out-of-Plane Masonry Infills by
Considering In-Plane Behavior Interaction

Delaram Ostad Jalil Shafaei

Abstract The observed damage during the past earthquakes shows that the damage of the masonry infill in the in-plane
and the reduction of the contact surface between the masonry infill and the surrounding frame led to an increase in the
vulnerability out-of-plane. Considering the different contact conditions of the masonry infill with the surrounding
concrete frame, the interaction, and influence of the out-of-plane on the in-plane behavior of the masonry infills, which
is a new topic in the field of seismic performance of the masonry infills. In this paper, the effect of different boundary
conditions the masonry infill and the reinforced concrete frame, which include four edges supported by the frame, three
edges supported by the frame, two horizontal edges supported by the frame, and one edge supported by the frame, by
analyzing three types of loading, which are: 1-out-of-plane loading only, 2-the out-of-plane loading after in-plane
loading, 3-the in-plane loading after out-of-plane loading, have been evaluated by using the finite element software
ABAQUS. The results demonstrated that the absence of proper connection between the frame structure and the infill
increases the out-of-plane direction vulnerability, and does not prevent their collapse. Previous damage due to in-plane
loading, which reached a maximum drift of 3%, can reduce about 70% of the out-of-plane capacity of the infill frame,
and consequently, the strength and stiffness were affected by the boundary conditions and type loading.

Key words Masonry infill, In-plane and out-of-plane interaction, Boundary condition, Finite element analysis.
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