20079 = AS =R YRs

<% F7}9) W& Unlipped C-8 79 A Av] A+

Z A4, 3 4
ae st HFAIS] 7 38l

Local Buckling and Slenderness Limits for Unlipped
Channel Sections Subject to Temperature Gradient

Seong-Deok Kang, Sang-Dae Kim

Dept. of Civil, Environment and Architectural Engineering, Korea University

1.Introduction

The progress of structural engineering in the twentieth century and early in the
twenty-first unquestionably tends toward the use of increasingly lighter elements,
among which cold-formed thin-walled channels play an important role. However,
the big disadvantages of cold-formed thin-walled channels are almost encountered
local buckling. In particular, cold-formed thin-walled channels in fire lose a
considerable amount of strength and stiffness as its temperature rises and can fail
in the local buckling of the flange and web at high temperatures. Due to highly
non-linear stress-strain relationships of steel member at high temperatures in fire,
the local buckling behaviour becomes more complicated. However, there are very
few theoretical studies with validation by experimental result of cold-formed
channels under compression at elevated temperatures.

This paper was developed the computer software using the design equations in
EC3 Part 1.2 (2000b) and Part 1.3 (1996) to analyze the local buckling stress for
cold-formed unlipped channel sections under uniformly compression at elevated
temperatures. The local buckling and yield stress, the critical, fail loads and critical
temperature for design examples are analyzed by using the computer program of
this study and these results are compared with the experimental results by Feng et
al. (2003). Limit slenderness ratios of the flange and web of cold-formed unlipped
channel sections under uniformly compression at elevated temperatures are the
optimum slenderness ratios so that the local buckling does not occur prior to yield
or deflection failure, it can be easily analyzed by using the non-linear optimum
GINO(Generalized Interactive Optimizer) program developed by Liebman et al
(1986).
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2. Material Properties

The rate of thermal expansion of the steel changes at high temperatures. EC3 Part
1.2 (2000b) defines three ranges to model, although more simplified linear models
are available. The details of the EC3 model are as follows:

ﬁh 5 -8 2 -4
; =12x10760+04%x1076° -2.416x10 for 20°C < © < 750°C

Al 5
7 wllall for 750°C < © < 860°C
- 2
T B0 for 860°C < © < 1200°C
where,

[ is the length at 20°C of the steel member ;

Al is the temperature-induced expansion of the steel member ;

@ is the steel temperature (°C).

The BS5950 Part8 (1990b) presents coefficient of linear thermal expansion
=12x10° to finished structural steels complying with BS4360 at elevated
temperatures and are for use in fire calculations. Properties at ambient
temperature are given in BS5950 Part 1 (1990a).

3. Local Buckling of Cold-Formed Channel Sections in Fire

The Winter(1947) expression has been accepted in EC3 Part 1.3 (CEN1996) for the
analysis of local buckling for cold-formed lipped and unlipped channels under
compression at ambient temperature. The effective width for those is evaluate as:

b
9. [ =022 | T2y
by V% O (1

where b, is the notational flat width of plane elements with sharp corners, O is
the local buckling stress, Omax 1S the maximum edge stress of the plate, which may
be taken as the yield stress of steel o,

by = pb, )

pP=10 : if A,<0673 (©)
1.0-0.22,[4,

P= A, L if Ap>0.673 4
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where ber is the effective width, k, p and A, are the local buckling coefficient,
reduction and slenderness factor, 0., is the basic yield strength, v is the Poisson’s
ratio for steel, and t is the thickness of cold—formed unlipped channel sections.

The local buckling stress oceerr for the effective width of cold—formed unlipped

channel sections under compression at elevated temperatures based on EC3 Part 1.3
(CEN1996), Galambus(1998), Yu(2000) and Ghersietal(2001) is given by the equation:

kn’E,

o-crl?,eﬁ' = 3 bﬂ 3
120-0*)) (6)
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Fig.1 Flow chart of the local buckling stress analysis of cold-formed channels
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4. Limit Slenderness Ratios of Unlipped Channel Sections in Fire

It is very important to predict the limit slenderness ratios, (by/t)im for the flange
and web of cold-formed unlipped channel sections under uniformly compression at
elevated temperatures.
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Fig.2 Local buckling and yield stress for the slenderness ratios of the flange for

cold-formed unlipped channels under uniformly compression at elevated temperatures

In this study, the optimum limit slenderness ratios of cold-formed unlipped channel
sections under uniformly compression at elevated temperatures can be easily
calculated by using the non-linear optimum GINO program developed by Liebman
et al. (1986). The objective function is the unit volume of cold-formed unlipped
channels. The constraints are the design limits defined by the local buckling
strength, the maximum slenderness ratios and minimum thickness. The design
variables are the slenderness ratios of the flange and web of cold-formed unlipped
channels. The yield strengths at ambient temperatures are taken as 280N/mm?® and
350N/mm”.

The elastic modulus at ambient temperatures is 205x10°N/mm?® Cold-formed
unlipped channel sections are assumed to be subject to a uniformly temperature
profile through its section.
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Fig.3 Local buckling and yield stress for the slenderness ratios of the web for

cold-formed unlipped channels under uniformly compression at elevated temperatures

The local buckling stress of the flange and web of cold-formed unlipped channels
with simply supported ends under uniformly compression at elevated temperatures
is under taken for temperatures of the following values, ie. ©=20, 100, 200, 300,
400, 500, 600, 700 and 800°C.
The slenderness ratios for flange and web of cold-formed unlipped channel
sections are by/t=12, 14, 16, 18 and 20 for the flange, and by/t=40, 45, 50, 55 and 60

for the web.

Table 1. Critical temperatures for the slenderness ratios of cold-formed unlipped channels

under uniformly compression at elevated temperature

Dett Oyo Critical
Yi(l;]l c/i stry ss by/t | bett/t (mm) (N/mm®) Ocro.eft/Oyo Tem(litg)ﬂiurt‘
i Oye Ocro eff Pue Pue

12 | 1080 | 17066 | 30083 | 1650 | 2925 176 -

14 11.98 170.66 244.62 1.84 26.37 1.43 =
Flange | 280 | 16 | 1264 | 17066 | 21971 | 1941 | 2499 1.29 -

18 13.14 83.22 83.21 9.84 9.84 0.99 672

20 13.54 112.11 112.06 13.66 13.65 0.99 629

-404 -



20079 E FASE =L Rs

12 [1045 | 21332 | 321.34 | 2006 | 30.22 151 -

14 [1118 | 21332 | 28103 | 2146 | 28264 132 -

Flange | 350 | 16 |[1170 | 9982 | 9969 | 1051 | 1050 0.99 677
18 | 1211 | 14004 | 14003 | 1527 | 1527 0.99 629

20 |1242 | 17318 | 17199 | 1936 | 1923 0.99 592

40 [ 3596 | 17066 | 25245 | 5623 | 8L7I 1.48 -

45 | 3778 | 17066 | 22874 | 5803 | 7777 1.34 -

280 | 50 [3921 | 6978 | 6959 | 2463 | 2456 0.99 692

5 |4038 | 8859 | 855 | 3219 | 3218 0.9 664

Web 60 |4134 | 11346 | 11337 | 4221 | 4218 0.99 627
40 | 3363 | 21332 | 28872 | 6656 | 8738 135 -

45 |3508 | 8806 | 804 | 278 | 27.80 0.99 691

350 | 50 |[3623 | 11410 | 11406 | 3720 | 37.19 0.99 660

55 |37.16 | 15190 | 15189 | 5080 | 50.80 0.99 615

60 | 3793 | 17643 | 17614 | 6023 | 6013 0.99 589

Figs.2 to 3 show the analytical results of critical temperature, ultimate load, local
buckling and yield stress for the slenderness ratios of cold-formed unlipped
channels with simply supported ends under uniformly compression at elevated
temperatures. It can be seen that local buckling stresses of cold-formed unlipped
channels with simply supported ends are almost invariable in © < 100°C and that
are decreased slowly in about 100°C < © < 500°C and very rapidly in about 500°C
< © < 800°C and that yield stresses of those are almost invariable in about 6 <
400°C and are decreased rapidly in about 400°C < 6 < 800°C.

5. Conclusions

1) It can be seen that the present study is good agreement with the experimental

results of Feng et al. (2003) and that the flange and web of cold-formed channels
under compression at elevated temperatures should consider the local buckling
because the local buckling occurs in most cases prior to yield failure.
2) It can be seen that the case using the yield stress 0,=280N/mm’occurs the local
buckling in the flange slenderness ratio, by/t=>18 and the web slenderness ratio, by/t
=50 and the case using the yield stress 0,,=3501\I/1'nrn2 occurs the local buckling in
the flange slenderness ratio, by/t=16 and the web slenderness ratio, by/t=45 prior
to yield failure.

3) The critical temperatures of the flange and web of cold—-formed unlipped
channels under uniformly compression at elevated temperatures with the low yield
stress are higher than those with the high vield stresses.

4) Yield stress and modulus of elasticity of steel, slenderness ratio and local
buckling coefficient are main affect of the local buckling stress of the flange and
web of cold-formed channels under uniformly compression at elevated temperatures.
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