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ABSTRACT

With development of new technologies in recent years, traditional masonry
infills have gradually been replaced by modern one like Concrete Sandwich
Panels (CSP). In the present paper, the seismic in-plane behavior of steel
frame infilled with CSP has been compared with masonry-infilled frames.
To this end, two widely used masonry infill types, i.e. clay brick and
Autoclaved Aerated Concrete (AAC) block, were selected to investigate and
compare with the behavior of CSP-infilled steel frames. First, numerical
models were created through finite element (FE) method and then validated
against experimental results for single bay bare and infilled frames.
Afterwards, by considering the factors affecting the lateral behavior of
infilled frames, i.e. the infill material, aspect ratio and number of spans, a
parametric study was carried out on the infilled frames. The results showed
that the steel frame infilled with CSP has higher initial stiffness and
maximum lateral strength than masonry-infilled frames. The initial stiffness
of the infilled frame with CSP was computed to be 1.90 and 2.95 times that
of the steel frame infilled with brick and AAC block, respectively. Also, the
maximum lateral strength of the CSP-infilled frame was 1.48 and 1.80
times, respectively, of the frame with brick and AAC block. The results of
infilled frames with various aspect ratios displayed that the effect of
increasing the span length on the in-plane behavior of the CSP-infilled
frame is more significant than that of the masonry models. Also, by studying
the behavior of multi-bay infilled frames, it was found that the contribution
of the CSP infill in increasing the initial stiffness and maximum strength of
multi-bay infilled frames is directly related to the contribution of CSP in the
one-bay infilled frames.
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Introduction

In recent years, Concrete Sandwich Panel
(CSP) infills have gradually replaced traditional
masonry infills due to several advantages.
These benefits include ease and speed of
installation, effective thermal and acoustic
insulation, adequate out-of-plane stability, and
overall cost-efficiency. However, from a
structural perspective, there is a clear gap in the
literature, namely that a comprehensive study
that fully examines the behavior of these panels
and compares them to conventional masonry
infills has not yet been conducted.

The present study investigates and
compares the in-plane behavior of CSP infills
and masonry infills bounded by steel frames.
Finite element modeling is employed for
numerical simulation, with model validation
carried out using available experimental data.
Following this, comparative models are
developed to assess the seismic response of
frames with masonry infills versus those with
CSP infills under monotonic lateral loading.
Two commonly used masonry materials, i.e.
clay brick and Autoclaved Aerated Concrete
(AAC) block, are considered here.
Additionally, key parameters affecting in-plane
behavior, including aspect ratio and the number
of spans, are examined.

Modeling Strategy and Verification

Finite element modeling was carried out
using a macro-modeling approach in the
ABAQUS software. To validate the numerical
models, three experimental studies were
utilized as follows:

- A steel frame infilled with solid clay brick
masonry.

- A steel frame infilled with AAC block
masonry.

- A steel frame infilled with CSP.

Two criteria were considered for model
validation: (i) the agreement between load—
displacement curves, and (ii) the comparison of
crack patterns and stress distribution within the
infill panels. Based on these criteria, the
numerical results showed good agreement with
the corresponding experimental data, indicating
the models’ accuracy.

Parametric Study

To better understand the in-plane behavior
of the investigated infilled frames, three key
parameters, widely identified in the literature as
influential, were selected for a parametric
study. These parameters are: (i) the type of infill
material, (ii) the aspect ratio of the infill panel,
and (iii) the number of spans of the frame.

Effect of Infill Material:

To examine this issue in detail, an infilled
frame available in the literature and tested by
other researchers, with an aspect ratio of 1.0,
was selected as the reference model and various
infill types were incorporated into it. With the
exception of the infill material properties, all
other parameters, including frame geometry
and boundary conditions, were considered
similarly for all models. Then, the infilled
frames were subjected to monotonic in-plane
lateral loading. As expected, due to the superior
mechanical  properties of CSPs, the
corresponding infilled frame exhibited the
highest initial stiffness and lateral strength. In
contrast, the AAC-infilled frame demonstrated
the lowest stiffness and strength. This behavior
can be attributed to the porous and highly brittle
nature of AAC blocks. Notably, this result is
consistent with the findings reported by other
researchers.

Effect of Aspect Ratio:

The aspect ratio is one of the most critical
factors influencing the in-plane behavior of
infilled frames. To investigate this parameter,
three types of infilled frames were developed,
each with infill panels having aspect ratios of
0.5, 1.0, and 1.5, representing values less than,
equal to, and greater than one, respectively. It is
important to note that in this study, the aspect
ratio is defined as the ratio of the span length to
the frame height.

For all three aspect ratios, the CSP infill
models demonstrated greater lateral strength
and stiffness compared to the masonry infill
models. Moreover, the difference in strength
and stiffness between the two infill types
became more pronounced as the aspect ratio
increased. This trend can be attributed to the
increased contribution of the infill to the in-



plane behavior of the frame as the span length
becomes larger.

Effect of Number of Spans:

To investigate this parameter, in addition
to the single-bay frame whose results were
presented in previous sections, two-bay and
three-bay infilled frames with various infill
types were also modeled and analyzed.
Although, on average, the stiffness and lateral
strength of the CSP infilled frames increased by
approximately twofold and threefold for the
two-bay and three-bay  configurations,
respectively, the corresponding rate of increase
for the masonry-infilled frames was lower than
that observed for the CSP models .In other
words, the contribution of the CSP infill to the
enhancement of stiffness and strength in multi-
bay frames is directly proportional to its
contribution in single-bay frames. Therefore, in
practical modeling of infill behavior, such as
the use of equivalent diagonal strut models, this
aspect should be carefully considered.

Conclusion

In summary, the key findings of this study
can be outlined as follows:

1. The finite element models developed in
this study showed good agreement with
experimental results in terms of both
load-displacement curve and the
distribution of stresses and damage
propagation for all three infill types.

2. Among the models examined, the frame
with the concrete sandwich panel (CSP)
infill exhibited the highest initial
stiffness and lateral load capacity.

3. The frame infilled with autoclaved
aerated concrete  (AAC) blocks
demonstrated the lowest stiffness and
strength, with a load-displacement
response closely resembling that of the
bare frame.

4. Given the significant influence of CSPs
and solid clay brick infills on the
behavior of steel frames, the structural
effects of these typically non-structural
elements should not be neglected in
analysis and design of steel frame
structures.

5. For the three aspect ratios studied here,
i.,e. 0.5, 1.0, and 1.5, the CSP infill
models  consistently  demonstrated
greater lateral strength and stiffness
compared to masonry infills. This
difference became more pronounced as
the aspect ratio increased.
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