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Ultimate strength of C-shaped cold-formed steel members in
compression and major axis bending
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Abstract: Effective section method (ESM) is widely used in the design of cold-formed steel structures.
However, the influence of distortional buckling of members was hot considered. A new method for the load
carrying capacity of cold-formed steel members, direct strength method (DSM), can effectively estimate
the ultimate strength for local, distortional buckling and interactive buckling. However, it is not used for
beam-columns. The stability behavior of C-shaped cold-formed members eccentrically compressed around
the major axis was analyzed. The effects of Length of member, eccentricity and width-thickness ratio of
webs, flanges and edge stiffeners on ultimate strength of members were examined in this study. A
calculation method of ultimate strength was proposed based on the original DSM axial compression/bending
formulas and the finite element analysis results.
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Table 1 Parameters of specimens

MR RS B R/ KE/ Mo/

T 4 Pk

B /mm JE/mm E/mm mm mm mm
C1-400a(b) 140 60 15 2.5 400 20
C2-400a(b) 140 60 15 2.5 400 40
C3-400a(b) 140 60 15 2.5 400 110
C1-900a(b) 140 60 15 2.5 900 20
C2-900a(b) 140 60 15 2.5 900 40
C3-900a(b) 140 60 15 2.5 900 110
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Table 2 Material properties of coupons
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Fig. 1 Test setup
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Fig.2 Locations of rosettes and LVDTs
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Fig. 3 Failure modes of test specimens
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Fig. 4 Load vs. axial displacement curves
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between test results and analytical results
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Table 3 Comparison between test results and analytical results

Wk ARITs

‘ o B
L e IOV
2R 0/ mm (520

P./kN # P,/kN

C1-400a 21.2 161.0 167.5 1. 04 WLB

C1-400b 20. 2 161.1 164.6 1.02 WLB

C2-400a 40.7 137.0 129.0 0. 94 FDB

C2-400b 38.5 144. 4 133.0 0.92 FDB

C3-400a 91.8 77.9 81.6 1.05 FDB

C3-400b 91.5 77.6 80. 3 1.03 FDB

C1-900a 22.3 160. 8 160. 8 1. 00 WLB

C1-900b 22.7 161.9 158.1 0.98 WLB

C2-900a 40. 8 135.9 125.6 0.92 FDB

C2-900b 41.1 134.5 130.0 0.97 FDB

C3-900a 109. 2 70.2 67.9 0.97 FDB

C3-900b 108. 4 75.2 70.3 0.93 FDB
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Table 4 Analytical parameters of models

JEME/mm BT/ mm HHK/mm KE/mm G/ mm
160,180, 400,1 400,
200 80 20 2 500

60,70, 10,15, 20,40,

90.110
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Table S Parametric analysis results

L=400 mm L=1400 mm L=2 500 mm

WHEAFK WO
Prr M Pgr M Pgr M
0 186.7 D 170. 3 D 162. 4 D
20 156.3 D 141. 8 D 135.6 D
C160-60-10-2.5 40 129.3 D 115.9 D 110. 2 D
90 88.3 D 78.0 D 74.7 D
110 77.9 D 68.8 D 66.3 D
0 204.4 L 200. 3 L 193.5 L
20 170. 2 L 164.3 L 148. 4 L
C160-60-15-2.5 40 140.0 L 134.6 L 118.7 L
90 96.0 L 90.0 D 80.7 D
110 84.9 L 79.3 D 71.4 D
0 215.2 L 211.8 L 202.0 L
20 178.0 L 172.2 L 155. 6 L
C160-60-20-2.5 40 146.5 L 140. 4 L 124.7 L
90 101.0 L 94.7 L 84.2 L
110 90.0 L 84.3 L 75.2 L
0 219.7 L 214.0 L 211.1 L
20 182.3 L 175.6 L 162.5 L
C160-70-15-2.5 40 150. 2 L 143.8 L 131.7 D
90 102.5 L 94.1 D 89.0 D
110 90. 6 L 82.9 D 78.7 D
0 232.3 L 230. 6 L 222.6 L
20 193.3 L 183.1 L 167.6 D
C160-80-15-2.5 40 159.4 L 139.4 D 136.9 D
90 108. 3 L 95.1 D 94.3 D
110 95.6 L 84.1 D 83.3 D
0 186.9 L 167. 4 L 160. 9 L
20 160. 0 L 142.1 L 135.3 L
C180-60-10-2.5 40 135.6 L 120. 4 I 114. 3 L
90 97.2 D 85.6 D 81.8 D
110 85.9 D 75.6 D 72.3 D
0 187.3 L 167.0 L 161. 1 L
20 160.0 L 143.7 L 137.5 L
C200-60-10-2.5 40 136.5 L 123.2 L 117.1 L
90 102. 7 L 90. 4 D 85.6 D
110 92.4 L 81.2 D 76.9 D

TE R Pep 9 FRKE ) kNG MO R L 0 LUR B R
EsD RN AR E .



% 14

FEELVE AT R C R ANLE IR 1RO S E MR IRARE A 13

3.1 MEKEXNHEREEENZI

EHURE A C160-60-10-2. 5 (L) M Jmy 3 2 %4 Hy
F) H#EA C160-60-20-2. 5 (LA 2 Fa o ) 18
P A B8 XoF O P A 42 et o 7R 48 0 1) 5% ), T B3 45
wmE 7 s,

260 -
240 -

2ol l-——-\.

200 -

A&BRH1PIKN

120

—

=]

S
T

\—v
.\o—o

500 1000 1500 2000 2500
LERBN N T R BEL, /mm
(a) C160-60-10-2.5

o ®
S o
T

1N
=]
S

— —_
°N o
S S

T T

A&BRF1PIKN

=]
S

o
S
T

\'\.2

500 1000 1500 2000 2500
SRRRAN IR TH R L Jmm
(b) C160-60-20-2.5

H: = 0 020 -4 40 v 90 110

7 RN HEKEXRME
Fig.7 Effects of member length on the ultimate loads
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