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ABSTRACT

Corrugated cold-formed steel sheets are widely utilized in the
construction of shear walls, culverts, and storage tanks. Due to the
geometric differences between these sheets and flat sheets, their bolted
connections are expected to exhibit distinct mechanical behavior.
However, there is a notable gap in the understanding and prediction of
the bearing capacity of these connections, as current design standards do
not provide specific equations for this purpose. This study aims to address
this gap by assessing the accuracy of existing design equations in
standards such as AISI S100 and EC3 for predicting the bearing capacity
of bolted connections in corrugated sheets. Furthermore, a new equation
is proposed to improve the prediction of bearing capacity. Following the
guidelines outlined in AISI S905, 54 numerical models were developed
using the Finite Element Method (FEM) implemented in ABAQUS
software. The study focuses on key parameters, including bolt diameter,
sheet thickness, and steel type. This study proposes a new bearing
coefficient for cases where d/t<I0, which, unlike the constant value used
in EC3 and AISI S100, decreases linearly with the increase in d/t ratio
within this range. Additionally, a new parameter, [, is introduced to
replace the bolt diameter, representing the curve length of the corrugated
sheet in contact with the bolt shank. The results indicate that despite the
relatively accurate predictions of the design code equations for
application to corrugated sheet specimens, the proposed equation, by
considering the linear variations of the d/t parameter, not only improves
the accuracy of the results but also achieves better alignment with the
numerical outcomes.
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2 Tilt-bearing

3 Punching

4Curling

5 Self-tapping screws

¢ Deep Corrugated Steel Plate
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Experimental Results Numerical Results . Error (%) .
Numerical vs. Experimental

Material E,t! F2 Strain  Strain at Fy Fy Strain Strain at Fy F, Strain Strain at
(MPa) (MPa) atF, Fracture =~ (MPa)  (MPa) atF, Fracture (MPa)  (MPa) atF, Fracture

S235 312.69  426.21 0.20 0.36 317.18  434.76 0.21 0.38 1.44 2.01 5.00 5.26

S275 35231 518.86 0.18 0.33 349.53  522.44 0.20 0.36 -0.79 0.69 6.52 9.09

S355 36512 553.02 0.15 0.23 366.48  555.34 0.13 0.26 0.37 0.42 -8.22 9.40

! Fy= Yield Strength
2 F,= Ultimate Strength
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A Experiment by Ho [35]
e  Experiment by Ho [35]
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W
8
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0 . L 1 1
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14 General Contact

15 Penalty

16Hard Contact

17 Constraint enforcement method
18 Default

19 tie

20 Reference Point

2! Coupling
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| =2Ra (V)

%
/2
R

4 d
[ =2R.sin (—) ()
2R

a =sin Y)

S, Mises (MPa)

(Avg: 75%)
610.57E+00
559.69E+00
508.81E+00
457.93E+00
407.05E+00
356.17E+00
305.29E+00
254 41E+00
203.52E+00
152.64E+00
101.76E+00
50.88E+00

0.00E+00

Top Plate

Bottom Plate

S, Mises (MPa)
(Avg: 75%)
610.57E+00
559.69E+00
508.81E+00
457.93E+00
407.05E+00
356.17E+00
305.29E+00
254 41E+00
203.52E+00
152.64E+00
101.76E+00
50.88E+00
0.00E+00

Top Plate

Bottom Plate

w8 b o Sl g 5 Sl sh s IS i 5 AT w58 - A S
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Thickness of Connected Ratio of Fastener Diameter to
Part, ¢ (mm) Member Thickness d / ¢ , ¢
d/t<10 3.0
0.61 <1 < 4.67 10<d/t<22 4-0.1(d / t)
d/t>22 1.8
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Error (%) Error (%) Error (%)
No. Specimen PFW F; from Eq. (10)
) ) L R S T N A T
1 1.32-M10-S235 13680.2 11428.24 16.46 7.51 2.76
2 1.32-M10-8275 17912.35 13896.31 22.42 14.11 4.57
3 1.32-M10-8355 15125.8 14835.25 1.92 8.58 20.65
4 1.32-M12-8235 13989.65 12724.00 9.05 8.53 20.59
5 1.32-M12-8275 17556.5 15471.91 11.87 5.15 16.84
6 1.32-M12-8355 16032 16517.31 3.03 22.93 36.59
7 1.32-M14-8235 13796.3 13698.50 0.71 25.82 42.66
8 1.32-M14-8275 17199.75 16656.86 3.16 22.72 39.14
9 1.32-M14-8355 15887.05 17782.32 11.93 41.84 60.81
10 1.63-M10-S235 18715.95 15205.73 18.76 14.47 4.97
11 1.63-M10-S275 18188.2 18489.60 1.66 7.01 18.90
12 1.63-M10-S355 15780.05 19738.90 25.09 31.68 46.31
13 1.63-M12-8235 19029.6 17302.96 9.07 0.94 12.15
14 1.63-M12-S275 23537.8 21039.75 10.61 0.77 10.26
15 1.63-M12-8S355 21639.15 22461.35 3.80 15.23 28.03
16 1.63-M14-S235 18124.3 19108.10 5.43 23.64 37.38
17 1.63-M14-S275 22589.3 23234.73 2.86 20.63 34.03
18 1.63-M14-S355 21363.75 24804.64 16.11 36.17 51.30
19 2.01-M10-S235 24110.9 19836.22 17.73 20.09 11.22
20 2.01-M10-S275 28684.75 24120.09 15.91 18.33 9.26
21 2.01-M10-S355 26974.6 25749.83 4.54 7.29 3.02
22 2.01-M12-S235 22493.65 22915.87 1.88 2.78 14.20
23 2.01-M12-S275 29137.75 27864.84 4.37 3.52 7.20
24 2.01-M12-8S355 26220.25 29747.60 13.45 14.46 27.18
25 2.01-M14-S235 24772 25739.22 3.90 8.88 20.98
26 2.01-M14-S275 30305.1 31297.92 3.28 8.22 20.25
27 2.01-M14-S355 28646.9 33412.65 16.64 22.22 35.80
28 2.77-M10-S235 35441.4 29097.18 17.90 25.09 16.76
29 2.77-M10-S275 4223535 35381.08 16.23 23.56 15.07
30 2.77-M10-S355 40725.05 37771.69 7.25 15.37 5.97
31 2.77-M12-8S235 32863.25 34141.69 3.89 3.05 7.72
32 2.77-M12-S275 39622.4 41515.01 4.78 222 8.64
33 2.77-M12-8355 36136.55 44320.08 22.65 14.45 27.17
34 2.77-M14-8235 34652.85 39001.46 12.55 7.27 19.18
35 2.77-M14-8275 41189.3 4742431 15.14 9.73 21.93
36 2.77-M14-8355 36099.75 50628.65 40.25 33.66 48.51
37 3.51-M10-8235 46913.8 38114.43 18.76 28.29 20.32
38 3.51-M10-S275 56646.5 46345.72 18.18 27.78 19.76
39 3.51-M10-S355 53851 49477.18 8.12 18.90 9.89
40 3.51-M12-8235 45370.1 45072.10 0.66 11.02 1.13
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41 3.51-M12-S275 54331 54805.98 0.87 9.64 0.39
42 3.51-M12-S355 51705 58509.08 13.16 1.36 12.62
43 3.51-M14-S235 47078.05 51914.69 10.27 0.05 11.16
44 3.51-M14-S275 54699.5 63126.32 15.41 4.70 16.34
45 3.51-M14-S355 52647 67391.61 28.01 16.14 29.04
46 4.27-M10-S235 59655.5 47375.39 20.59 31.39 23.77
47 4.27-M12-S235 55106.5 56297.92 2.16 10.88 0.97
48 4.27-M12-8275 66333.5 68456.15 3.20 9.97 0.03
49 4.27-M12-8355 64107 73081.57 14.00 0.55 10.50
50 4.27-M14-8235 59133.5 65176.93 10.22 3.10 7.66
51 4.27-M14-8275 69765 79252.70 13.60 0.13 10.97
52 4.27-M14-8355 67625 84607.62 25.11 9.99 22.21

Average 11.51 14.07 19.32
Max 40.25 41.84 60.81
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