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Mechanical Properties of Structural Steel at Elevated Temperature
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Abstract - Recently, a fire resistance performance design method has been introduced in which members having fire resistance according to fire
growth are selected and applied considering the form and characteristics of the building. However, domestic fire resistance performance design
mainly follows the material characteristics of structural members based on Eurocode ™. Therefore, in this study, the mechanical properties of
structural steels (SS275 (SS400), SM355 (SM490)), which are mainly used for steel structures in Korea, were investigated. The
high-temperature tensile test was carried out at room temperature, 400 , 500 , 600 , 700 and 800C, and according to ASTM 21M-09"% Asa
result, the yield strength, tensile strength and elastic modulus of SS275 (SS400) and SM355 (SM490) steels decreased with increasing
temperature. In addition, the decrease of the strength according to the high temperature of the test specimen was significantly different fromthe
Eurocode™ at the temperature below S00T. Above 600T, there is a difference between the strength reduction factors proposed in the ALJ
Recommendations for fire resistant design of steel structures. At other temperatures, the tendency was similar to the strength reduction factors

proposed in Kwon!', ASCE!"” and AISC'"*.
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Fig. 1. Dimension of tensile test specimen
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Table 1. Chemical and mechanical properties of specimens
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Fig. 2. Tensile test specimens of SS275(SS400), SM355(SM490)
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Fig. 3. Installation of tensile test at high temperature

. Yield strength | Ultimate strength | Elongation
Steel C Si Mn P S (MPa) (MPa) (%)
$S275Y <0.25 <0.45 <1.40 =<0.050 <0.050 =275 410~550 >18
SM355" <020 | <055 | <1.60 | <0.035” | <0.035% >355 490~630 >17

1) Thickness is greater than 5 and less than 16, 2) For SM355A grade steel
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Hg, 5. Stress-strain relationship of SS275(SS400) at elevated temperature
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Fig. 6. Failure shape of SS275 (SS400) at elevated
temperature

Table 2. Tensile test results of SS275 (SS400) grade steel

Temperature Yield Tensile Elongation
) strength | strength | £, /f, 4 %)
SfyoMPa) | f, ,(MPa)
287.5 432.6 1.50 36.6%
20C 300.6 450.7 1.50 36.6%
2954 432.7 1.46 28.8%
221.6 391.1 1.76 32.0%
400C 205.9 373.1 1.81 39.2%
220.1 344.5 1.57 31.9%
164.1 236.0 1.44 36.2%
500C 177.6 256.7 1.45 34.5%
165.1 184.2 1.12 33.3%
133.7 159.2 1.19 36.0%
600C 116.3 150.3 1.29 33.1%
146.0 171.1 1.17 28.7%
83.5 103.9 1.24 35.0%
700C 58.7 101.2 1.72 36.3%
57.8 106.4 1.84 41.1%
38.5 52.0 1.35 45.3%
800C 322 64.9 2.02 57.4%
23.3 64.9 2.78 56.1%
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Fig. 7. Stress-strain relationship of SM355(SM490) at elevated

temperature
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Fig. 8. Failure shape of SM355 (SM490) at elevated temperature
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Table 3. Tensile test results of SM355 (SM490) grade steel

Temgerature st:{;fllg(:h Egglslltlg /f Elongation

(C) fy,e(MPa) fu,o(MPa) wb’ y0 (%)

310.1 486.8 1.57 26.0%

20 317.8 476.6 1.50 28.4%

321.7 474.1 1.47 38.3%

2223 419.6 1.89 25.3%

400 228.7 435.1 1.90 28.5%

252.7 391.1 1.55 29.0%

179.6 248.8 1.39 34.8%

500 209.7 264.3 1.26 35.6%

156.1 217.6 1.39 40.3%

141.0 186.7 1.32 39.1%

600 138.2 155.7 1.13 36.0%

107.1 155.7 1.45 41.5%

85.6 85.7 1.00 39.3%

700 754 98.6 1.31 34.8%

55.5 83.1 1.50 39.8%

70.0 83.1 1.19 30.2%

800 34.8 83.0 2.38 35.1%

36.3 64.9 1.79 42.3%
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Table 4. Reduction factors for steel at elevated temperatures
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T
Lo+ ) oomn( T ) B p<e00c
Ep= ’ 1,100 ®)
690—0.69 T ]
(7%53.5 ) i 600C < T
T
Lo+ 9001n( T ) T <600
fyr= 1,750 (6)
340—0.347 .
(W)fyo 600C < T

3 AISC! 041 Table 59} o] 7+ 210] w2 ehgA]

Reduction factors o, PEAE D PR oL EE O] o] TAAIFE A6t
siizzl : . Effective yield S A ol 2g5t YUt
Temperature Linear elastic
strength
0, range k o,=f e/f
kg =E;,9/ E, (I"I}qu,g / fl;,e)*y Table 5. Properties of steel at elevated temperatures
20C 1.000 1.000 (1.25) Coefficients
100C 1.000 1.000 (1.25) - nfggfimre Elastic
200C 0.900 1.000 (1.25) 0 modulus Yield stress Tensile stress
- @ 7 7E(T)/E ky:Fy(ﬂ/Fy :FH(T)/FZ/
300C 0.800 1.000 (1.25) =
400°C 0.700 1.000 (1.00) 20C 1.00 o o
- N ks skek
500C 0.600 0.780 (1.00) 93C 1.00
: 200C 0.90 ok ok
600C 0.310 0.470 (1.00) 0T 078 - o
700°C 0.130 0.230 (1.00) 400C 070 100 L.00
800C 0.090 0.110 (1.00) 430C 0.67 0.94 0.94
900°C 0.0675 0.060 (1.00) 540C 0.49 0.66 0.66
1,000C 0.0450 0.040 (1.00) 650 C 022 035 0.35
1,100C 0.0225 0.020 (1.00) 760C 0.11 0.16 0.16
1,200C 0.0000 0.000 (1.00 870¢ 0.07 0.07 0.07
: : 000 (1.00) 980°C 0.05 0.04 0.04
* When 0, = 300C , f,, = 1.25f, 1,100C 0.02 0.02 0.02
When 300C < 6, <400C , f,,/f,, = 2-0.00256, 1,200C 0.00 0.00 0.00

When 6, >400C , f,. 5= fu,0

3.3 o}z 7204

)20 A= 20004 & o] AFE] ASCE!ZojlA] L5 H3lof| u}
272 golsl Za2]E, ZAE glilo 7 7|4 E4o] wg}
o tfsl] 7102 AR A1 (5)2F (6)2 ZFAE] E**éﬁh-@r
FEZIE0| WSS Ueh, Qg7 =o] Hslo] thgt 8->
S| A] Foteh 20009 o] AlAFHATE Q] B3] J?_].E‘lq’g—]f

*When 6, is 150C, k;=0.95 and 6, is 480C, k;,=0.59
**Use ambient properties
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Table 6. Equation for each type of steel

o $S400 SM490
SN400 SN490 BCR295*
BCP235 BCP325
F[MPa] 235%:* 325%* 295
e 300 250 300
T,[C] 750 700 750

* The Japan iron and steel federation product
** When the plate thickness is more than 40 mm, SS400
and SN400 is 215, SM490 and SN490 is 295.
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Table 7. Reduction factors of tensile test results at elevated
temperatures

Temperature $S275 SM355
(©) k, k, k, k,
20 1.0 1.50 1.0 153
0.75 133 | 070 | 133
400 070 | 127 | 072 | 137
0.75 117 | 080 | 124
056 | 080 | 057 | 0.79
500 060 | 087 | 066 | 084

0.56 0.63 0.49 0.69
0.45 0.54 0.45 0.59
600 0.39 0.51 0.44 0.49
0.50 0.58 0.34 0.49
0.28 0.35 0.27 0.27
700 0.20 0.34 0.24 0.31
0.20 0.36 0.18 0.26
0.13 0.18 0.22 0.26
800 0.11 0.22 0.11 0.26
0.08 0.22 0.11 0.21
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7] S (Notation)
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