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Abstract Review History

In recent decades, the use of cold-formed steel structures has grown significantly in the Received: Sep 22, 2025
construction industry due to their low weight, high speed of construction, economic efficiency, Revised: Oct 19, 2025
and good seismic performance. This study investigates the structural performance of cold-formed Accepted: Dec 10 2025
steel (CFS) frames sheathed with gypsum board, with particular emphasis on the influence of the pted: '

number, size, and configuration of openings. In these structural systems, gypsum boards, as one ~ Keywords
of the most common interior and exterior wall coverings, play an important role in structural and Cold-Formed Steel Frame
non-structural performance. Therefore, it seems necessary to conduct research based on
experimental tests to investigate the actual behavior of gypsum boards and cold-rolled steel ~GYPSum Board
structures in order to identify resistance mechanisms, failure patterns, and parameters affecting Wall Opening
system performance. Two distinct full-scale CFS frame specimens, each measuring 2400 x 2400 Sejsmic Performance
mm and sheathed on one side with gypsum board, were designed and fabricated. The difference Cyclic Loading
between sample A and sample B was in the geometry of the opening in the cover sheet, and the
opening area was considered the same in both frames. Cyclic lateral loading tests were performed
on each frame type in triplicate to ensure repeatability and reliability of the experimental data.
The tests were conducted at the Structural and Earthquake Engineering Laboratory of the Islamic
Azad University, Taft Branch, using a servo-controlled hydraulic actuator. Then, the hysteresis
curve of all samples was extracted and from the hysteresis envelope curve of the samples, the
lateral resistance and the final lateral displacement of the samples were extracted.
The experimental results showed that increasing the number of openings along with reducing
their dimensions changed the behavior of the system from a brittle and fragile state to a more
ductile state. Consequently, the use of symmetrical arrangement of openings in the design of LSF
frame gypsum walls can improve the lateral stability and durability of the connections Also, in
Light Steel Frame (LSF) structural systems, lateral force transmission is mainly through gypsum
board or OSB-clad partition walls. In these systems, gypsum boards, in addition to their
architectural and space separation roles, also act as part of the lateral load-resistant system by
contributing to the shear stiffness of the wall. The results of this study showed that the cyclic
behavior of LSF frames is significantly affected by the continuity of the interframes and the way
the gypsum boards are attached to the frame; such that premature loosening of the screws causes
a rapid loss of system strength. Therefore, in the seismic design of this type of system, the role of
the interframes should not be considered solely non-structural, but the combined effect of the
frame and the panel should be modeled and controlled. Overall, the results showed that the
symmetrical arrangement of smaller openings in the plaster walls of LSF frames improves the
cyclic behavior, increasing the ultimate strength and ductility of the system. However, due to the
aforementioned limitations, the findings should be interpreted in the context of preliminary
experimental results. However, due to the aforementioned limitations, the findings should be
interpreted as preliminary laboratory results. To develop realistic design models, additional
experiments including panel separation, double-sided cladding effect investigation, and advanced
numerical analyses are necessary.
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Fig. 1. Details of the tested specimens. Right: Specimen A, Left: Specimen B
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Table 1. Mechanical properties of the materials used in the walls.

R Ol et (qwiigs (sole alone

member Nominal thickness

Yield Stress, Fy  Yield Strain

Ultimate Stress, Fu  Ultimate Strain  Fu/Fy

Stud, track, noggine 0.95mm 174.82Mpa

0.25%

350.22Mpa 2.75% 2

Sielesl L3 el eslinal oS Slio SO Slasiie Y Jgd
Table 2. Mechanical properties of gypsum boards used in the tests.

member Nominal thickness density

Elastic modulus

Bending strength, F m;,  Compression strength, F ¢,

kg

Gypsum board 12.5mm 680—
m

2200Mpa

2Mpa 3.5Mpa
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Table 3. Results extracted from the laboratory test data

Ultimate strength Ultimate Displacement

specimen (KN) average (mm) average
Al 5.840 48.164

A A2 4710 4.820 48.163 48.124
A3 3.910 48.100
B1 6.303 48.160

B B2 7.021 6.253 48.060 48.203
B3 5.493 48.403

Aa}ﬁdum‘}@ J‘f Lgl.hb}.a ¥ JS—:J
Fig. 4. failure modes of A specimens
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Table 4. Comparison of Behavioral Parameters of Cold-Formed Steel Frames in Groups A and B

Ultimate strength

Initial hardness

Reduce strength  Absorbed energy

specimen (KN) KN/ o) (KN.mm)
Al 5.840 0/06 13/7 213/409
A A 4.710 0/38 19/5 171/034
A3 3.910 0/02 1772 162/554
B1 6.303 0137 15/3 254/459
B B2 7.021 0/34 16/1 270/055
B3 5.493 0/87 14/3 253/779

B a}ﬁdu‘u‘yﬁ J‘F LSthj" 0 JS-:J
Fig. 5. failure modes of B specimens
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