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Abstract - The walls dividing floor spaces add considerable
dead weight to the building, increasing its vulnerability during
an earthquake event. Thus, the mass of wall panels must be
reduced to enhance structural resistance to dead loads and
minimize earthquake risks. This paper presents an
experimental investigation to study the structural behavior of a
composite wall panel system under out-of-plane lateral
loading. The system comprises of two outer skins of profiled
thin-walled steel plates of thickness 1.0 mm bonded to a
lightweight concrete core (with expanded polystyrene beads)
using 8 mm diameter shear studs. Four panel variants are
tested: 1. Lightweight concrete without sheet (LWC-1), 2.
Basalt Fiber-reinforced lightweight concrete without sheet
(BFRLWC-1), 3. Lightweight concrete with sheet (LWC-2) and
4. Basalt Fiber-reinforced lightweight concrete with sheet
(BFRLWC-2). These panels are subjected to lateral tests to
evaluate their flexural behavior. The key outcomes include
failure modes and load-deformation curves, providing insights
into the system’s performance with different infill materials.
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1.INTRODUCTION

Composite steel-lightweight concrete wall panels are
innovative structural systems that combine two vertically
aligned profiled steel sheets with a lightweight concrete
core, often enhanced with materials such as expanded
polystyrene (EPS) beads to reduce the overall weight.

Lightweight concrete is designed to meet specific
requirements such as structural strength, reduced density
and high thermal insulation. There are several methods for
producing lightweight concrete, with one of the most cost-
effective being the use of lightweight aggregate alternatives.
Materials like pumice, diatomite, perlite and volcanic cinders
are commonly used for this purpose. However, their high-
water absorption leads to a more porous concrete structure.
To overcome these limitations, Expanded Polystyrene (EPS)
beads are used, known for their closed-cell structure,
hydrophobic nature and non-absorbent properties, EPS
beads offer a viable solution for producing effective

lightweight concrete with improved durability and reduced
porosity.

Generally concrete is a material known for its low tensile
strength and limited strain capacity. However, its mechanical
properties can be significantly improved by incorporating
fibres into the mix. Fiber-reinforced concrete is commonly
used due to its enhanced ductility, corrosion resistance and
durability. Various types of fibres, including steel and
synthetic options, can be added to cement-based composites.
Among these, basalt fibre has emerged as a strong
alternative to traditional fibres like glass and carbon,
offering high strength, chemical resistance, flexibility and
excellent electrical insulation. Basalt fibre-reinforced
composites are increasingly used across sectors such as
aerospace, construction, petrochemicals and automotive
industries. Additionally, the production of basalt fibre is
environmentally friendly, as it does not release toxic gases or
industrial waste and avoids the use of harmful substances
like boron and alkali metal oxides during the melting
process.

Therefore, the steel-lightweight concrete composite
arrangement offers an effective balance of strength, ductility
and thermal insulation, making it a promising alternative to
traditional wall construction methods. While the steel sheets
contribute tensile resistance and serve as permanent
formwork, their thin profile makes them vulnerable to local
buckling. The lightweight concrete core plays a crucial role
in restraining this buckling, thereby enhancing the overall
stability of the system. These panels are valued for their ease
of installation, reduced dead load and efficient performance
under lateral. When used in combination with composite
floor systems, they offer further structural advantages and
are increasingly adopted as core walls in steel-framed
buildings.

2. RESEARCH OBJECTIVES

The study aims the following objectives:

e To analyse and evaluate the mechanical

characteristics of the proposed concrete mix.

To study the structural response of composite wall
panels made with Cold-Formed Steel and Basalt
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Fiber-Reinforced Lightweight Concrete when

subjected to lateral loads.

3. Design Approach and Detailing of Composite
Wall Panel

An experimental study was conducted to evaluate the
structural behaviour of composite wall panels using cold-
formed steel sheet profiles. The profiles are designed in
accordance with Eurocode 1V, with each sheet measuring
1200 mm in length, 912 mm in width and 1 mm in thickness.
To maintain a uniform wall thickness of 80 mm across the
panel, the profiled steel sheets were connected using shear
connectors comprising 8 mm diameter bolts and nuts.
Washers were placed at each connection point to enhance the
grip between the bolt and nut, while also preventing concrete
leakage during casting. This bolted connection ensured
effective shear transfer between the steel sheets and the
concrete core, thereby enabling composite action. The
arrangement of shear connectors also contributed to uniform
stress distribution under lateral loading. The detailed
dimensions of the cold-formed steel profile are shown in
Fig. 1. These design considerations were critical to ensuring
the structural integrity and performance of the composite
system under applied loads.

4. MATERIAL PROPERTIES

4.1 Cement - Ordinary Portland Cement (53 Grade) was used
as the binding agent, exhibiting an initial setting time of 75
minutes and a final setting time of 315 minutes.

4.2 Fly Ash - Class F fly ash is utilized, conforming to the
requirements outlined in ASTM C618. This category of fly
ash is mainly obtained from the combustion of anthracite or
bituminous coal, though it may also be sourced from
subbituminous coal and lignite.

4.3 Fine Aggregate - M sand is utilized as the fine aggregate,
possessing a specific gravity of 2.65 and falling within
Grading Zone IL

4.4 Expanded Polystyrene (EPS) - A lightweight and stable
foam material composed primarily of air (approximately
98%) and a small fraction of polystyrene (about 2%). Due to
its closed-cell structure, EPS does not absorb water and
offers excellent resistance to impact. It is also a non-
biodegradable substance. As illustrated in Figure 2, EPS
beads are available in a variety of sizes. In this study,
uniformly sized spherical beads with a diameter of 4 mm
were utilized.
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Fig -1: Profile of Cold Form Steel Sheet Fig -3: Basalt Fiber
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5. Mix Proportion 6.2 Test Setup for Wall Panel

The mix proportions for the lightweight concrete were
determined through a trial-and-error approach, maintaining

The test set-up for lateral load shown in Fig. 4 and the
procedure is as follows.

a water-to-cement ratio of 0.7. The mix proportion for 1m3
are presented in Table 1.

Table -1: Mix Proportion of Cement Concrete

Sl.No. Material Proportion (kg/m3)
1 Cement (OPC-53 Grade) 427
2 Fly Ash 341
3 Fine Aggregate 533
4 Water 299
5 Ratio 1:0.8:1.25

6. Construction and Lateral Load Test Details
6.1 Specimen Design and Construction

In this experimental investigation, four composite wall panel
specimens were prepared. Two specimens were cast with
Lightweight Concrete (LWC) as the infill—one with external
steel sheeting and one without. Similarly, remaining two
specimens utilized Basalt Fiber Reinforced Lightweight
Concrete (BFRLWC) as infill in the same configurations. Each
panel measured 1200 mm in height, 912 mm in width and 80
mm in thickness, with profiled steel sheets having a thickness
of 1.0 mm. The infill concretes, LWC and BFRLWC, have
densities ranging between 1300 - 1400 kg/m>. The material
properties of both the steel sheeting and the concrete mixes
were determined through preliminary tests. On the day of
testing, the compressive strengths were observed to be 11.38
MPa for LWC and 13.17 MPa for BFRLWC. Table 2 represents
type of specimens casted.

e The test setup was carefully aligned with the
centreline of the hydraulicjack, with support stands
placed 1000 mm apart. An [-section beam (1000 mm
inlength, 150 mm flange width, and 300 mm height)
was positioned on the supports, and a steel roller
was placed on the I-section to support the specimen.

e The wall panel specimen was placed over therollers,
with two additional rollers positioned at the loading
points. A distribution load beam was placed on top
to ensure uniform load transfer across the panel
width.

e Linear Variable Differential Transformer (LVDT) is
placed at mid-span to record the central deflection,
while dial gauges are placed at the loading pointand
support end to measure rotation and displacement
respectively. Fig. 5 and Fig. 6 shows the dial gauge
and LVDT.

e Lateral (out-of-plane) loading was applied to the
wall panel specimens to determine the failure modes
and load-deformation curves.

Sl. No. | Wall Panel ID Type of Infill Fig -4: Lateral Load Test Setup

01 LWC-1 Light-Weight Concrete without

Steel Sheet
02 BFRLWC - 1 Light-Weight Concrete + Basalt
Fiber without Steel Sheet
03 LWC-2 Light-Weight Concrete with Steel
Sheet
04 BFRLWC - 3 Light-Weight Concrete + Basalt
Fiber with Steel Sheet
Table -2: Details of Wall Panels Casted
Fig -5: Dial Gauge
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Fig -6: LVDT

7. RESULTS AND DISCUSSION

The mechanical properties of Lightweight Concrete (LWC)
and Basalt Fiber Reinforced Lightweight Concrete (BFRLWC)
was evaluated through standardized testing in accordance
with IS 516:2021. Specimens were cast and water-cured for 7
and 28 days to assess compressive, flexural and split tensile
strengths. The experimental results shown in Table 3 indicate
that the incorporation of basalt fibres significantly improves
the strength characteristics of lightweight concrete,
demonstrating enhanced structural efficiency and suitability
for load-bearing applications.

No. of Average Average split Average

Days compressive tensile strength flexural
Curing strength of of cylinder strength of

cubes (N/mm?2) prism
(N/mm?) (N/mm?)
LWC | BFRLWC | LWC | BFRLWC | LWC | BFRLWC

7 8.43 9.20 0.33 0.72 0.44 1.08
28 11.38 13.17 0.51 0.93 0.71 1.17

Table -2: Mechanical Properties of LWC and BFRLWC

Under lateral loading, composite wall panels with
lightweight concrete (LWC) infill exhibited sudden and brittle
failure. With increasingload, vertical splitting cracks initially
formed between the loading points, followed by the
development of additional cracks as the load progressed. Test
observations revealed that the steel sheets and concrete
initially behaved as a composite system under uniform
loading. However, at higher load levels, the steel began to
penetrate through the top surface of the concrete, while the
bottom surface experienced tensile stretching. Load transfer
from concrete to steel resulted in localized buckling near the
loading zones due to stress concentrations. Debonding of the
steel sheet was primarily observed beneath the cracked
regions. Compared to the LWC panels, the BFRLWC (Basalt
Fiber Reinforced Lightweight Concrete) panels demonstrated
improved performance, with fewer cracks, attributed to the
crack-bridging effect of the basalt fibres. Graph 1, 2 and 3
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represents load deformation response of composite wall
panels at centre, loading point and rotation at support.
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construction scenarios
strength and ductility.

The test results of flexural deformations of the composite
wall panels are represented in Table 3.

demanding both high
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8. CONCLUSION

e Incorporating 1% basalt fibre into the lightweight
concrete mix led to notable enhancements in
structural behavior, particularly in terms of
increased load-bearing capacity and reduced
deformation. The basalt fibre-reinforced specimens
(BFRLWC-1 and BFRLW(C-2) consistently surpassed
the performance of non-reinforced specimens (LWC-
1 and LWC-2).

e The interface between the cold-formed steel sheet
and concrete, connected via shear connectors or
studs, demonstrated sufficient bonding capacity
with no slippage observed during testing, confirming
effective shear transfer.

e Specimens utilizing profiled steel sheeting (LWC-2
and BFRLWC-2) exhibited superior mechanical
properties, including greater strength and stiffness,
compared to those without steel sheeting. This
highlights the role of the steel sheet in enhancing
composite interaction and resistance to lateral
forces.

e Among all tested panels, BFRLWC-2 achieved the
best results, with the highest ultimate load and
minimal deflection, illustrating the combined benefit
of basalt fibre reinforcement and steel sheeting.

o  All test specimens followed a consistent deflection
profile, peaking at mid-span and minimizing at the
supports. The incorporation of basalt fibres and steel
sheets contributed to reduced mid-span deflection
and support rotation, indicating improved overall
rigidity and load-sharing efficiency.

e In conclusion, the integration of basalt fibres and
profiled steel sheets significantly enhanced the
structural efficiency of composite wall panels,
suggesting their suitability for lightweight
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