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 It should be pointed out that under fire conditions, cold-formed steel loses its strength 

faster than hot-rolled steel. This is due to enhancement in the strength of cold-formed 

steel at ambient temperature, but this enhancement diminishing at high temperatures. 

The loss of strength in cold-formed steel may be 20% higher by comparison with hot-

rolled steel. Hot-rolled steel members are generally thick and fail either by local or 

global buckling (e.g. flexural buckling in column and lateral torsional buckling in 

beams). In comparison, cold-formed thin-walled members are more prone to local 

buckling and distortional buckling. This paper will discuss on fundamental mechanical 

and thermal properties of thin-walled steel members at elevated temperatures and fire 

condition. The properties that will be presented are stress-strain relationships, thermal 

expansion and thermal properties 
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INTRODUCTION 

 

Increases in temperature of a steel section depend on its section factor, which is a measure of the fire 

exposure area to the volume being heated. Due to small thickness, the section factor of a thin-walled steel 

member is high and its temperature increase is much more rapid than in a thicker hot-rolled member. Thin-

walled members usually form part of a wall or ceiling and are protected by planar systems. This type of 

protection can induce a severe temperature gradient in the depth direction. Furthermore, since thin-walled 

members lose heat rapidly to the surrounding, a temperature gradient may also be present in the width direction. 

Although K.H. Klippstein [1] conducted some research studies on cold-formed steel studs at elevated 

temperature in the 1970’s, more comprehensive works only started after 1990. A number of the studies have 

concentrated on experiments of light weight steel framed walls [2] or, tests and numerical studies on cold-formed 

steel members under uniform high temperatures [3].  

 

Material properties of cold-formed steel at elevated temperatures: 

Stress-strain relationships: 

To understand the behaviour of cold-formed thin-walled steel structures in fire, it is necessary to have 

available information about the mechanical properties of this type steel at elevated temperature. ENV1993-1-3 

has recently introduced cold-formed, thin-walled steel structures within its scope. This is done by introducing the 

strength retention factors in Table 1 and Figure 2 into the design equations in ENV1993-1-2 (CEN 2001) for 

hot-rolled steel structures. The retention factors for material properties of cold-formed steel in ENV1993-1-2, 

included yield strength and elastic modulus as functions of temperatures, are given in Table 1. The test results of 

Sidey and Teague [4] are shown in Figure 1 as ratios of the steel stresses at the 0.5% and 1.5% total strains to the 

steel yield stress at ambient temperature. 

Outinen [5] carried out a large number of transient and steady state tensile coupon tests of cold-formed steel 

at elevated temperatures and reported stress-strain relationships for S355, S420M and S350GD+Z steel in the 

temperature range 300°C - 600°C and 700°C-950°C. He observed that there were large differences in the results 
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between two different types of tests. This is in agreement with the test results of Kirby and Preston [6] on hot-

rolled steel. He also found that the behaviour of the mechanical properties of cold-formed steel is different for 

different grades of cold-formed steel and the increase in strength due to cold-forming appears to remain at 

elevated temperature. The -, fy and E of grade S355, S420M, S350GD+Z steel in the temperature range 300-

950°C have been given. Their measured yield strength for S350GD+Z is quite different from the ENV1993-1-2 

recommendation, and they proposed new values of the retention factors, as shown in Table 1, which are based on 

a total strain of 2%. Figure 2 shows a comparison of the strength retention factors between ENV1993-1-2 and 

Outinen [5] steady state tests results of S350GD+Z steel based on 0.2% proof stress. It can been seen that the 

Outinen steady state test results give slightly higher results at temperatures lower than 450°C and slightly lower 

results at temperatures between 450°C and 650°C. Figure 3 shows a comparison of the strength retention factors 

between ENV1993-1-2 and Outinen [5] transient state tests results of S350GD+Z steel based on 0.2% proof 

stress. This is a little different from steady stat test results. Outinens transient state test results give slightly lower 

results at all high temperatures. 

 
Table 1: Retention factors for stress-strain relationships of cold-formed steel at elevated temperatures 

Steel temperature 

T 

Retention factor for elastic 

modulus 

Retention factor for yield 

strength 

kp0.2,T=fp0.2,T/fyb 

Proposed retention factor for 

yield strength  

kp2,T=fp2,T/fyb 

20°C 1 1 1 

100°C 1 1 0.97 

200°C 0.9 0.89 0.932 

300°C 0.8 0.78 0.895 

400°C 0.7 0.65 0.857 

500°C 0.6 0.53 0.619 

600°C 0.31 0.30 0.381 

700°C 0.13 0.13 0.143 

800°C 0.09 0.07 0.105 

900°C 0.0675 0.05 0.067 

1000°C 0.0450 0.03 0.029 

 

0

0.2

0.4

0.6

0.8

1

0 100 200 300 400 500 600

Temperature (°C)

R
e
te

n
ti

o
n

 f
a
c
to

r
s

0.5% strain

1.5% strain

 
Fig. 1: Strength retention factors at the 0.5% and 1.5% total strains [5] 

 

The cold-forming process used in the fabrication of lightweight steel members leads generally to an increase 

of the effective yield strength. In open cross-sections, such as C-sections, cold-forming is concentrated in the 

corners of the cross-section and the yield strength of the plate parts is not greatly influenced by the forming 

process [7]. Moreover, the influence of residual stresses is smaller at high temperatures. 
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Fig. 2: Comparison of strength retention factors for the 0.2% proof stress between ENV1993-1-2 and Outinen 

steady state test results of S350GD+Z steel 
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Fig. 3: Comparison of strength retention factors for the 0.2% proof stress between ENV1993-1-2 and Outinen 

transient state test results of S350GD+Z steel 

 

Thermal expansion: 

The free thermal expansion of steel is relatively independent of the type of steel. The value can be taken 

either as: 

     103T102.1T104.0
l

l 4528  
                        (1) 

or, with little loss of accuracy as  

                20)-(T104.1
l

l 5
             (2) 

Lie [18] published the coefficient of thermal expansion at different temperatures as: 

      C1000Tfor   ,10)12T004.0(
l

l o6  

           (3) 

ENV1993-1-2 gives a slightly different version as follow: 

  C750TC20for   ,T100.4T101.210416.2
l

l o2-8-54  

              (4) 

                  C608TC750for   ,101.1
l

l o2  

                                (5) 

                  C0201TC860for   ,106.2T102
l

l o-3-5 
         (6) 
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A linear thermal expansion coefficient of 1410
-6

 per °C above 100°C is adopted in BS5950. 

Thermal properties: 

The temperature rise of steel members, which is a result of heat flow, is a function of the thermal 

conductivity and specific heat of steel. The thermal conductivity of steel may be taken as defined in ENV1993-1-

2 or BS5950: Part 8 . ENV1993-1-2 gives a linear relationship between the thermal conductivity of steel and 

temperatures from 20°C to 800°C as: 

 (W/mK)  T1033.345 2
a

 , for T = 20°C – 800°C          (7) 

For temperatures higher than 800°C, a constant value of 27.3 W/mK can be used. In simple calculation 

methods, the thermal conduction of steel may be assumed to be independent of the steel temperature, giving: 

     W/mK     45a                                (8) 

BS5950 Part 8 , recommends a value of 37.5 W/m°C. 

The specific heat of steel increases gradually with temperature. A constant value of 600J/kg
o
C is suggested 

for temperatures below 600
o
C. The following values for specific heat of steel are recommended in ENV1993-1-

2: 
36231

a 1022.21069.11073.7425C  

;  (20°C   < 600°C)             (9) 




738

13002
666C a

;   (600°C    735°C)           (10) 

731

17820
545C a




;   (735°C    900°C)           (11) 

BS5950 Part 8 gives a value of 520 J/kg°C [8]. 

 

Conclusion: 

This paper has briefly summarized the thermal and mechanical properties of thin-walled steel members at 

high temperatures and fire condition. To understand the behaviour of cold-formed thin-walled steel structures in 

fire, it is necessary to have available information about the mechanical properties of this type steel at elevated 

temperature. cold-formed steel loses its strength faster than hot-rolled steel. This is due to enhancement in the 

strength of cold-formed steel at ambient temperature, but this enhancement diminishing at high temperatures. 
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