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Cold formed steel structures, known for their efficiency, cost-effectiveness and environmental benefits, play a pivotal
role in meeting the needs of societies for durable, cost-effective and environmentally friendly structures. However,
what ensures its stability and safety against lateral forces are steel shear walls. In this paper, a finite element model was
developed based on laboratory data, which includes 3D deformable shell elements for columns, beams and steel
cladding. In previous studies, the issue of bolts and their spacing, as well as the effect of steel sheet thickness, has not
been addressed. The aim of this paper is to investigate the factors affecting steel shear walls through the analysis of
data from the finite element analysis of CFS shear walls. Then, using a regression substitution model, the effects of the
parameters of plate thickness (t) and edge screw spacing (s) on the maximum shear capacity, displacement, initial
stiffness and energy dissipation of the investigated escapement were investigated. The results showed that the maximum
shear capacity increases nonlinearly with t and decreases with s. To evaluate the proposed model, the performance
metrics R>=0.9816, MAE=12.42, and RMSE=17.28 were used. These values indicate a very good fit between the model
predictions and the results obtained from numerical simulations and experimental data. The findings provide practical
tools for optimizing CFS shear walls, improving seismic performance and filling gaps in key parameters. Finally, the
model output was converted into a design plan that allows for direct estimation of the shear wall capacity in each
combination.
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Table 2 Pull-out strength of screw connections in the cold-formed steel
frame

Connection type Sheet thickness (in)  Pull-out strength (Ib)
Track-to-stud connection 0.033 0.043
Stud-to-stud connection 43.4 47.6
Infill sheet-t-o-track 53.8 551
connection
Infill sheet-t.o-stud 427 429
connection
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Table 3 Results of the convergence analysis for the steel shear wall
Shear Force at Support

Sample Loading Condition (i) Variation
1-inch mesh 0.4 in. dlslplacTementm 327672
Z-direction
0.5—inch mesh 0.4 in. displacement in 32737 <1%

Z-direction
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monotonic testing.
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Table 1 Material properties of the components used in the CFS shear
walls

Sheathi
Component cathing Studs Tracks
sheet
Thickness 0.033 0.043 0.043
(inches)
Yield Stress (ksi) 43.4 47.6 43.1
Ultimate Strength 538 551 556
(ksi)
ULHiECE 27 %29 125
Elongation
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Table 4 Comparison of maximum shear strength and corresponding
displacement at peak load between finite element model (FEM) and
experimental results.

Source Peak shear force (plf) Peak displacement (in)
Experimental 1133.619 1732
specimen

Finite element

1116.442 1.577
model
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Table 5 Comparison of the proposed surrogate model with alternative formulations, including the final equations

Model Final equation
Proposed physics-
informed model (Eq. Vmax = —9.512 + 25.65t + 1239.895 1/s
4) +1355.331 t/s + 5.73t"2
Full quadratic

Vmax = 6086.27 — 305383.22 - t — 395.69 - s + 4.96e

Number of

Uniformity over
2 =)
parameters R MAE RMSE LOOCV-RMSE DOE grid
Nearly uniform
0.9816 12.42 17.28 38.17 (minor oscillations)

Nearly uniform

M'ii;'(’)‘;'gz S“ESSC;) 406t + 6.7655 - 5 0.9976 513 6.28 1951  (minor oscillations)
&y +9474.54 - (t - 5)
Power-law model Vmax = 2.7378e + 04 - %8470 - 5(-01939 0.8451 4547 50.20 86.37 Uniform
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