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Experimental study on axial compression properties of cold-formed
thin-walled steel I-shaped column with hybrid connection

CHU Yunpeng, JIANG Tianyong, CHEN Xueqin, FU Jinrong, XIA Hui
(School of Civil Engineering and Architecture, Southwest University of Science and Technology,
Mianyang 621010, Sichuan, China)

Abstract: In order to analyze the influence of connection mode on the axial compressive
mechanical properties of cold-formed thin-walled steel double-limb open-ended assembled I-shaped
columns, the experimental study on 24 double-limb open-ended assembled I-shaped columns
under the mixed connection mode of self-tapping screws and rivets was carried out. The ultimate
bearing capacity, failure mode, load-strain curve and load-axial displacement curve of the
specimens were obtained, and the experimental results were compared with those of the double-
limb open-ended assembled I-shaped columns connected by pure self-tapping screws. The results

show that compared with the pure self-tapping screw connection method, the ultimate bearing
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capacity of the double-limb open-ended assembled I-shaped short columns of the two hybrid
connection methods is increased by 8. 5% and 8. 6%, respectively, while the middle column is
increased by 18.1% and 15. 9%, respectively. The connection mode has a great influence on the
buckling load of the short column and the middle column, and has a great influence on the
ultimate bearing capacity of the short column, but has little influence on the ultimate bearing
capacity of the middle column. The ultimate bearing capacity of the combined column with mixed
connection is generally higher than that of the combined column with pure self-tapping screw
connection. With the increase of the longitudinal distance of the connector, the ultimate bearing
capacity of the combined column with mixed connection is gradually reduced, but it is always
higher than that of the combined column with pure self-tapping screw connection, indicating that
the mixed connection can effectively improve the stability of the combined column. According to
the test results, the direct strength method of the North American code is modified to provide a
reference for the calculation of the ultimate bearing capacity of the double-limb split column with
hybrid connection.

Key words: cold-formed thin-walled steel; hybrid connection; double-limb open-section column;
experimental study; modified direct strength method
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Table 1 Basic parameters of specimens

B H S | EEAYEE/mm | e/mm | L/mm|A/mm|b/mm |d/mm
SC50-A 50 53 450 140 43 15
SC50-B 50 53 450 140 43 15
SC100-A 100 53 450 140 43 15
SC100-B 100 53 450 | 140 43 15
SC150-A 150 53 450 140 43 15
SC150-B 150 53 450 | 140 43 15
MC150-A 150 53 1 500 140 43 15
MC150-B 150 53 1500 | 140 43 15
MC300-A 300 53 1 500 140 43 15
MC300-B 300 53 1 500 140 43 15
MC450-A 450 53 1500 | 140 43 15
MC450-B 450 53 1 500 140 43 15
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Fig.3 Measurement of geometric defects of specimens
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Table 2 Initial defect measurement results

_ I Uh Bk b o R
IR R L/mm vidiid
NS #& w175 1th h/mm b1 /mm by /mm di/mm d>/mm t/mm Ay /mm?
a 140. 00 42. 84 42.98 15. 31 15. 26 1.48 758.91
SC50-A 450 0. 24 0. 39
b 139.79 42.83 43.05 15.12 15.15 1.48 757.58
a 139. 90 42.88 42.87 14.78 14.53 1.47 754.67
SC100-A 450 0. 39 0.42
b 140. 04 42.76 42.61 14. 33 14. 22 1. 49 751.72
a 139. 97 43.26 42.93 15.23 15. 11 1.48 759.23
SC150-A 450 0. 38 0. 60
b 139. 94 43.01 42. 89 15. 27 15.07 1. 49 758.29
a 139. 67 43.05 43.09 15. 21 15.12 1.47 758.16
SC50-B 450 0.22 0. 37
b 139.75 43.02 43.93 15.18 15.08 1. 48 760.59
a 139. 82 42.91 42.90 14. 24 14.16 1. 47 751.93
SC100-B 450 0.25 0.55
b 140. 13 42.99 42. 80 14. 25 14.13 1. 46 752.71
a 140.12 42.96 42.97 15.16 15. 15 1.47 758. 81
SC150-B 450 0.11 0.45
b 139.93 43.14 42.96 15. 24 14.93 1. 49 758. 35
a 139. 80 42.91 42.93 15.10 15.08 1.47 757.23
MC150-A 1501 0.49 0. 26
b 139.91 43.06 42.92 15.12 14.35 1. 49 755. 85
a 139.99 43.10 42. 80 15.17 14. 90 1. 46 757. 64
MC300-A 1502 0. 41 1.17
b 139. 85 42.95 42. 84 15.25 15.04 1.47 757.55
a 139. 97 42. 86 42.93 15.18 15.01 1.48 757.60
MC450-A 1502 0.51 0.72
b 139.92 42. 86 42.88 15.15 15.03 1.47 757.29
a 139.91 42. 86 42.96 15. 14 14.93 1.47 757.15
MC150-B 1502 0.58 0. 80
b 139. 88 42.94 42.96 15. 26 15.11 1. 46 758.20
a 139.99 42. 86 42. 84 15. 48 15.01 1. 46 758.29
MC300-B 1503 0.49 1.25
b 139.93 42. 86 42.87 15. 39 14. 94 1.47 757.73
a 140. 01 42.81 42.87 15. 14 14.92 1. 46 757.02
MC450-B 1503 0. 50 0.33
b 139. 89 42.85 42. 85 15. 28 14. 96 1.48 757.26
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Fig. 6 Failure process of SC50-A
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Fig.9 Failure process of SC100-B
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Fig. 12 Comparison of short column failure modes under

different connection modes
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Table 4 Failure modes and load characteristic values of

short column specimens

| E e R | AR BR AR 3
WS | BIRRI P/Pe | WAL B
P./kN | J3 P./kN
SC50-A | Jey#B-MF AR 102. 7 160. 8 1.6 L/2
SC50-B | JRy#B-Maf AL 76. 4 159.5 2.1 L/2
SC100-A | Jay -4 124.1 156. 8 1.3 2L/3
SC100-B | Jaj -y A% 80. 0 155.9 1.9 2L/3
SC150-A | Jry - A 80. 4 148.0 1.8 L/2
SC150-B | JRii-mids | 124.2 148. 1 1.2 L/2
SC150-S2 | J - A 86.0 136. 2 1.6 L/2
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Fig. 13 Load-axial displacement curves of short columns
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Fig. 14 Web load-strain curves of short columns
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Fig. 15 Experimental phenomenon of middle columns
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Fig. 16 Comparison of middle column failure modes

under different connection modes
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Table 5 Failure modes and load characteristic values of

middle column specimens
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NS R T A =X P /P | BERALE
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Jo - 2
MC150-A 92.6 130.9 | 1.4 | 2L/5
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Fig. 17 Load-axial displacement curves of middle column
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Fig. 18 Load-strain curves of web of middle column specimens
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Table 6 Chinese code calculation results

5= P./kN N,/kN P./N,
SC50-A 160. 8 126.3 1.3
SC50-B 159.5 126.1 1.3
SC100-A 156. 8 126.9 1.2
SC100-B 155.9 127.4 1.2
SC150-A 148.0 125.1 1.2
SC150-B 148.1 124.5 1.2

MC150-A 130. 9 93.8 1.4

MC150-B 129.9 91.8 1.4

MC300-A 130.3 91.7 1.4

MC300-B 127.8 91.1 1.4

MC450-A 123.4 90. 8 1.4

MC450-B 128.6 91.0 1.4
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Fig. 19 Comparison of test values of assembled section with

direct strength method and modified direct strength method
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