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Lateral resistance of cold-formed thin-walled steel wall systems

clad with structural insulation composite panels
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Abstract: Structural insulation composite panels have emerged as a new type of cladding material with
promising applications in the construction industry. To systematically investigate the lateral resistance of cold-

formed thin-walled steel-framed walls clad with these panels, tests were first conducted on self-tapping screw
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connections used to join the structural insulation composite panels to the steel frame. The study primarily
examined the effect of screw edge distance on the performance of the screw connections. The results indicate
that: All self-tapping screw connection specimens failed due to edge tearing of the panels. When the screw edge
distance was increased from 15 mm to 25 mm, the average yield load and peak load increased by approximately
49.65% and 48.31% , respectively. The increase in screw edge distance significantly improved the performance
of the screw connections. Further monotonic and low-cycle loading tests were conducted on two full-scale
structural insulation composite panel cladding walls. This yielded the failure modes of the composite walls, load-
displacement curves, and lateral performance indicators such as shear strength and lateral stiffness. The results
indicate that both wall specimens experienced buckling at the base of the compression-side columns, failure of
the diagonal bracing, severe damage at the corners of the panels, and failure of the self-tapping screw
connections around the panel periphery. Based on these results, recommended values of 5.74 kN/m and
1 474.24 kN/m-rad are proposed for the shear capacity and lateral stiffness, respectively, of single-sided 75
mm structural insulation composite panel-clad walls. Finally, a calculation method for the elastic lateral stiffness
of cold-formed thin-walled steel walls clad with structural insulation composite panels was proposed using the
superposition principle. This method was compared with experimental results to verify its validity.

Keywords: cold-formed thin-walled steel; structural insulation composite panels; lateral resistance; sell-

tapping screw connections; elastic lateral stiffness
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Fig.1 Construction of structural insulation composite

panels
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Table 1 Test results of steel material properties

o L Jeth IR B B o i L A i ik
IEWLE TR i i )

£,/MPa f./MPa E/MPa /%

s-1 596.0 747.0 2.37%10° 28.0

S-2 601.0 745.0 2.29%10° 28.0

S-3 604. 0 750.0 2.41x10° 27.0

- 34 {5 600. 0 747.0 2.36%10° 27.7
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Table 2 Parameters of structural insulation composite

panels
[iei WKk, BREME RS SIREREEY P
/MPa  (g/m?) A B (W/(m-K)) /N
1200 443 26 0.024 5467
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Fig.2 Dimensions of structural insulated panels in the

thickness direction
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Fig.3 Details of screw connection specimens
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Fig.4 Failure features of screw connection specimens
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Fig.5 Load-displacement curve of screw connection

specimens
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Table 3 Screw connection test specimen overview and test results

FENUE TR VRET NG PE/mm 0. 2P, /kN A, ,/mm K/(kN/mm) P,/kN A,/mm P, /KN A /mm
MT-D15-1 15 0.33 0.15 2. 20 1.39 2.06 1.66 4.12
MT-D15-2 15 0.35 0.10 3.50 1.31 3.25 1.67 5.49
MT-D15-3 15 0.40 0.08 5.00 1.58 3.13 2.01 4.27
- H 0.36 0.11 3.27 1.43 2.81 1.78 4.63
MT-D25-1 25 0.58 0.27 2.15 2.54 1.75 2.88 2.42
MT-D25-2 25 0.55 0.17 3.24 2.23 5.05 2.77 6.78
MT-D25-3 25 0.45 0.11 4.09 1.65 5.51 2.27 6.91
M 0.53 0.18 2.95 2.14 4.10 2.64 5.37
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Fig.6 Details of wall specimens
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Fig.8 Arrangement of displacement meters
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Table 4 Lateral resistance test results of cold-formed thin-walled steel wall

WIS P /kN A /mm P /kN

A,/mm P,/kN

A,/mm P E S,/(kN/m)  K/(kN/m-rad)

SW-1 26.09 143.59 22.15 71.64 22.18
141.09 22.31 67.33 22.90

SW-2 26.94

171. 36 2.39 5.79
157.10 2.34 1.29 5.74

1609. 67
1474.24
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Table 5 Recommended shear capacity value of wall
sheathed with single structural insulation composite panel

clad walls

SR S,/ K/
TR R
ok ! o (kN/m) (kN/m-rad)

Q550 I 75 mim 25 {4 R — TR AR 5.74 1474.24

F6 FEJIG) 2272011 Xk FHE A M 4 aEIERAME
Table 6 The performance indicators for lateral resistance
of walls in provisions JGJ 227-2011
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Fig.16 Skeleton simplification model
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Table 7 Comparison of test and theoretical values of

lateral stiffness of wall specimens
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