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Web Crippling Strength of

Cold-Formed Stainless Steel Hats
Student: Shih-Ting Wang Adviser: Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This study aims to investigate web crippling strength of single hat
sections of stainless steel under the interior two-flange (ITF) loading
condition. Twelve specimens, made of austenitic type 304 stainless steel,
were designed to have different web thickness-and support width. Finite
element analysis was further.performed to validate the analytic model by
comparing the analysis results with-test data. Furthermore, parametric
study was conducted to study the effect of parameters on the web
crippling strength. Test results demonstrated that increasing the thickness
and support width resulted in increase of the web crippling strength. In
addition, the comparison of the test results with various codes indicated
the codes of North American Specification and American Society of Civil
Engineering calculated well the web crippling strength except that
Eurocode highly overestimated. Results of finite element analysis showed
that either the web crippling strength or crippling behavior of the analysis
agreed well with test results. Parametric study indicated that decreasing

the flat height of the web can also increase the web crippling strength, in



addition to the increase of the thickness and support width. Moreover, the
effect of flat height of the web on the web crippling strength will be

reduced when the support width decrease.

Keyword: cold-formed stainless steel, hat section, web crippling strength
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%31 FEHFHHELKRETR
S LRH | AR | BER | EFEBR | FUHULR| &
N1 N2 t h L

A-1.0-1 75 75 1.0 94 390 157.5
A-1.0-2 75 75 1.0 94 390 157.5
A-15-1 75 75 1.5 93 390 157.5
A-1.5-2 75 75 1.5 93 390 157.5
A-2.0-1 75 75 2.0 92 390 157.5
A-2.0-2 75 75 2.0 92 390 157.5
B-1.0-1 100 100 1.0 94 420 160
B-1.0-2 100 100 1.0 94 420 160
B-1.5-1 100 100 1.5 93 420 160
B-1.5-2 100 100 1.5 93 420 160
B-2.0-1 100 100 2.0 92 420 160
B-2.0-2 100 100 2.0 92 420 160

v

v

v
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%32 BMEFRS GRIRELRPRPEALS B

L ey Test(kN) | Test/NAS | Test/ASCE | Test/EC3
A-1.0-1 12.01 1.00 1.18 5.33
A-1.0-2 12.36 1.03 1.21 6.32
A-15-1 26.14 1.09 1.05 6.36
A-1.5-2 24.97 1.04 1.01 5.85
A-2.0-1 46.75 1.16 1.01 6.63
A-2.0-2 46.17 1.14 1.00 6.36
B-1.0-1 13.19 1.00 1.26 5.48
B-1.0-2 13.07 0.99 1.25 6.04
B-1.5-1 27.44 1.05 1.09 6.28
B-1.5-2 27.21 1.04 1.08 5.8
B-2.0-1 46.75 1.07 1.00 6.58
B-2.0-2 52.88 1.20 1.13 7.19

Mean(Pp) 1.07 1.11 6.18
COV(Vp) 0.07 0.09 0.08
Reliability index(B) 3.00 3.83 9.63
Resistance factor (®,,) 0.85 0.70 0.91

49




241 AP FRBERRZEEBY BRIV R

24 LA [FEM (kN)| Test (kN) | FEM/Test
A-1.0-1 12.01 1.02
12.29
A-1.0-2 12.36 0.99
A-1.5-1 26.14 0.93
24.39
A-15-2 24.97 0.98
A-2.0-1 46.75 0.91
42.53
A-2.0-2 46.17 0.92
B-1.0-1 13.19 1.01
13.38
B-1.0-2 13.07 1.02
B-1.5-1 27.44 1.00
27.35
B-1.5-2 27.21 1.01
B-2.0-1 46.75 1.07
49.83
B-2.0-2 52.88 0.94
Mean(P.,) 0.98
COV(Vp) 0.05
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242 FHEZAFHLATEE LG HS BRIV R

By I(:kEIlI\;I FEM/Test | FEM/NAS | FEM/ASCE | FEM/EC3
A-1.0-1 12,29 1.02 1.02 1.21 5.45
A-1.0-2 ' 0.99 1.02 1.21 5.45
A-1.5-1 24.39 0.93 1.02 0.98 5.90
A-1.5-2 ' 0.98 1.02 0.98 5.90
A-2.0-1 0.91 1.05 0.92 5.78

42.53
A-2.0-2 0.92 1.05 0.92 5.78
B-1.0-1 1.01 1.01 1.28 5.93
13.38
B-1.0-2 1.02 1.01 1.28 5.93
B-1.5-1 1.00 1.04 1.08 6.61
27.35
B-1.5-2 1.01 1.04 1.08 6.61
B-2.0-1 1.07 1.13 1.06 6.77
49.83
B-2.0-2 0.94 1.13 1.06 6.77
Mean(P,) 0.98 1.05 1.09 6.07
COV(Vp) 0.50 0.04 0.12 0.08
Reliability index(p) 2.99 3.61 9.61
Resistance factor (®y,) 0.85 0.70 0.91
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% 4.3 F#cAs 2z B R+

AREFTRA UFTLE BHEAR BHEA Ratio Comparison

No. Specimen(H*t*R) N (mm) h (mm) t(mm) L (mm) hit N/t R/t N/h Prem (kN) PFME/PNAS PFEM/PASCE PFEM/PECS

1 100*1*2 50 94 1 470 94.0 50.0 2.0 0.5 14365.0 112 1.25 5.01
2 150*1*2 50 144 1 720  144.0 50.0 2.0 0.3 13795.6 1.17 1.50 4.81
3 100*1*5 50 88 1 440 88.0 50.0 5.0 0.6 12550.9 1.13 1.32 4.84
4 150*1*5 50 138 1 690 138.0 50.0 5.0 0.4 11764.4 1.15 1.54 4.54
5 100*1*2 100 94 1 470 94.0 100.0 2.0 1.1 17409.2 1.09 1.43 6.07
6 150*1*2 100 144 1 720  144.0 100.0 2.0 0.7 15326.3 1.03 1.57 5.35
7 100*1*5 100 88 1 440 88.0 100.0 5.0 1.1 13843.5 1.00 1.37 5.34
8 150*1*5 100 138 1 690  138.0 100.0 5.0 0.7 13031.5 1.02 161 5.03
9 100*1*2 150 94 1 470 94.0 150.0 2.0 1.6 19925.1 1.08 1.54 6.95
10 150*1*2 150 144 1 720  144.0 150.0 2.0 1.0 16375.3 0.96 1.59 571
11 100*1*5 150 88 1 440 88.0 150.0 5.0 1.7 16298.3 1.02 1.53 6.29
12 150*1*5 150 138 1 690--.138.0.150.0 5.0 1.1 14615.7 0.99 1.70 5.64
13 100*1.5*2 50 93 1.5 465 62.0 133.3 1.3 0.5 33146.9 1.10 1.04 513
14 150*1.5*2 50 143 1.5 715 953 333 1.3 0.3 30382.9 1.14 1.16 5.01
15 100*1.5*5 50 87 15 435 58.0 333 3.3 0.6 27999.9 1.10 1.05 4.99
16 150*1.5*5 50 137 15 685 91:3 383 33 04 261923 1.10 112 4.67
17 100*1.5*2 100 93 1.5 465 62.0 166.7 1.3 1.1 40261.9 1.15 1.30 6.63
18 150*1.5*2 100 143 15 715 953 66.7 1.3 0.7 37439.3 1.14 1.37 6.17
19 100*1.5*5 100 87 15 435 58.0 66.7 3.3 1.1 31183.6 1.00 1.13 5.56
20 150*1.5*5 100 137 15 685 91.3 66.7 3.3 0.7 29583.0 1.01 121 5.27
21 100*1.5*2 150 93 15 465 62.0 100.0 1.3 1.6 48881.1 1.22 151 8.05
22 150*1.5*2 150 143 15 715 95.3 100.0 1.3 1.0 41494.2 1.10 1.46 6.84
23 100*1.5*5 150 87 15 435 58.0 100.0 3.3 1.7 37954.7 1.06 1.32 6.77
24 150*1.5*5 150 137 15 685 91.3 100.0 3.3 1.1 34667.4 1.03 1.37 6.18
25 100*2*2 50 92 2 460 46.0 250 1.0 05 528115 1.07 0.93 5.10
26 150*2*2 50 142 2 710 71.0 25.0 1.0 04 513931 1.09 0.99 4.96
27 100*2*5 50 86 2 430 430 250 25 0.6 48376.9 1.07 0.93 4.99
28 150*2*5 50 136 2 680 68.0 25.0 25 0.4 454785 1.06 0.95 4.69
29 100*2*2 100 92 2 460 46.0 50.0 1.0 1.1 712194 1.18 1.22 6.88
30 150*2*2 100 142 2 710 71.0 50.0 1.0 0.7 667855 1.17 1.25 6.45
31 100*2*5 100 86 2 430 430 50.0 25 1.2 54863.1 1.00 1.02 5.66
32 150*2*5 100 136 2 680 68.0 50.0 25 0.7 518453 0.99 1.05 5.35
33 100*2*2 150 92 2 460 46.0 75.0 1.0 1.6 90571.2 1.32 1.50 8.74
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34 150*2*2 150 142 710 710 750 10 11 771711 1.19 1.40 7.45
35 100*2*5 150 86 430 430 75.0 25 1.7 68464.1 1.10 1.24 7.07
36 150*2*5 150 136 680 68.0 750 25 1.1 619023 1.04 1.22 6.39
37 100*4*2 50 88 440 220 125 05 0.6 186354.0 1.00 0.77 491
38 150*4*2 50 138 690 345 125 05 04 183004.0 1.01 0.79 4.82
39 100*4*5 50 82 410 205 125 13 0.6 1714090  0.97 0.72 4.73
40 150*4*5 50 132 660 330 125 13 04 160871.0  0.95 0.70 4.44
41 100*4*2 100 88 440 220 250 05 1.1 257798.0 1.17 1.05 6.80
42 150*4*2 100 138 690 345 250 05 0.7 242023.0 1.13 1.03 6.38
43 100*4*5 100 82 410 205 25.0 13 1.2 210523.0 1.01 0.87 5.81
44 150*4*5 100 132 660 330 250 13 0.8 1960180  0.98 0.84 541
45 100*4*2 150 88 440 220 375 05 1.7 334007.0 1.35 1.34 8.81
46 150*4*2 150 138 690 345 375 05 1.1 305681.0 1.28 1.28 8.06
47 100*4*5 150 82 410 205 375 13 1.8 262948.0 1.13 1.07 7.25
48 150*4*5 150 132 660 33.0" 375 1.3 1.1 238345.0 1.06 1.01 6.57
49 120*1*4 110 110 550 110.0.110.0 4.0 1.0 148494 1.02 1.47 5.56
50 125*1*4 120 115 575 115.0 120.0 4.0 1.0 15040.3 1.01 151 5.63
51 130*1*4 130 120 600 120.0 130.0 4.0 1.1 15237.2 1.01 1.55 5.70
52 120*1*6 110 106 530 106:0°110.0 6.0 1.0 13176.6 0.99 151 5.23
53 125*1*6 120 111 555 111.0 120.0 6.0 1.1 134913 0.99 1.56 5.35
54 130*1*6 130 116 580 116.0 130.0 6.0 1.1 13777.2 0.99 161 5.46
Mean, Pm 1.08 1.25 5.88

CoV, Vp 0.08 0.21 0.18
Reliability index,p 2.99 3.42 7.97
Resistance factor,®,, 0.85 0.7 091
Standard deviation 0.09 0.27 1.06
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Displacement and rotation
degrees of freedom

Conventional shell model-geometry
is specified at the reference surface;
thickness is defined by section
property.

Finite Element Mode

Structural body

being modeled Displacement

degrees of freedom only

Continuum shell model-full 3-D geometry is
specified element thickness is defined by nodal
geometry.
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