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ABSTRACT

The mechanical properties such as 0.2% and 1% offset proof strength and elastic modulus are essen-
tial for a structural steel structure when the structure would be evaluated and designed to identify the
performance of the structural stability exposed to fire condition. To obtain the mechanical properties
for the structural steels at high temperature which are consisted of ordinary and marine ones, the ten-
sile tests at various high temperatures had been conducted with two kinds of specimen of general
structural steel SS 400 and welded steel SM 490 at the range of room temperature to 900 °C at inter-

val of 100 °C.

Keywords : Fire design, Fire resistance, Structural steels, Structural stability
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Table 1. Loading speed for tests
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Figure 1. Dimension of specimen.

Figure 2. Specimens before tensile tests.
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Figure 3. Specimens after tensile tests.
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Table 2. Results of mechanical properties according to temperatures(SS 400)
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grEX Oy A7) ) A) 2= AL

200 = 0.2% —Sié : (Mll)i;% 4 J(IJII’Z)E %ﬁ?}a; osi‘;l)g
1 276.69 277.94 459.49 194400.70 35.12

A 277.69 288.68 459.99 222127.64 34.76
- 287.68 277.44 456.49 226823.05 36.78
b 280.69 281.35 458.66 214783.80 35.55

1 24897 211.00 420.03 207126.47 32.34

100 2 249,72 250.22 420.78 214007.77 33.67
3 24423 252.72 417.04 204905.27 33.93

g 247.64 237.98 419.28 208679.83 3331

1 232.99 267.45 495.70 183374.85 23.03

200 2 236.99 235.99 504.94 180832.97 22.74
3 238.24 268.70 497.70 203820.66 2232

H 236.07 257.38 499.45 189342.83 22.70

1 180.80 261.46 496.95 182021.54 32.49

2 182.55 262.96 493.20 191992.90 30.96

300 3 186.04 262.96 502.19 184443.77 33.83
oz R 183.13 262.46 497.45 186152.73 3243

1 172.31 241.98 400.31 226557.29 31.50

2 176.30 246.23 402.05 173770.25 3345

400 3 176.55 244.48 408.55 177203.55 3598
B 175.06 24423 403.64 192510.36 33.65

1 169.06 209.27 258.21 103963.85 44.69

500 2 159.32 207.27 266.45 158102.22 38.56
3 169.81 221.50 286.43 140698.43 39.12

Ha 166.07 212.68 270.37 134254.50 40.79

1 116.87 141.34 159.32 100153.96 59.95

600 2 125.36 146.84 162.57 125228.49 62.52
3 116.12 142.84 162.82 108462.13 62.10

B 119.45 143.67 161.57 111281.53 61.52

1 73.92 81.16 83.66 41848.35 58.59

700 2 56.19 6143 65.43 42979.64 93.38
60.18 66.18 67.68 50905.35 110.93

o 63.43 69.59 72.25 45244.45 87.63

1 36.71 49.20 59.93 60419.53 75.60

800 2 37.21 19.69 59.18 54192.23 64.36
3 35.46 4745 59.68 56178.36 55.58

i 36.46 48.78 59.60 56930.04 65.18

1 28.97 33.21 51.69 41920.13 55.37

900 2 27.97 31.71 37.71 34184.38 37.55
3 23.44 25.72 29.97 39611.07 36.22

B 26.79 30.22 39.79 38571.86 43.05
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Figure 4. Stress-strain relation with temperatures (2%
strain).
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Figure 5. Stress-strain relations with temperatures.
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Figure 6. Patterns of yield strength (0.2% offset strength).
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Figure 7. Patterns of effective strength (1% offset strength).
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Figure 8. Patterns of tensile strength with temperatures.
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Figure 10. Patterns of elongation with temperatures.
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Table 3. Regression equations for mechanical properties(SS 400)

T L=k 34 H| 3
N T<200°C &2k 240 MPa
B 200 °C<T 031X 25429472 R?=0.96
T S200°C ezt 210,000 MPa
eRAT 200°C<T —257.89X 254261126 R*=0.90

a0
~—o SR U E(0.2%,offsot)
& BNEEE(1%,offsel)
Eed YU .

— 3TN

Y (MPa)

0
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25(T)

Figure 11. Summation of mechanical properties with
temperatures.
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200°C ©]A}F 900°C F7+e 2 o] 3] A4E At
= A0 BFF 12 EANE o8 & A4 9
Zo] AL Y Folzt BEHAUt

SS 4003%4 7144 54 F¥< Figure 11914
02% |72°) 93 JEQE =S 71E 240 MPa
s} 400MPaZ Z33tn Qlom, ZLILFE 1%
o) 9% FEAETL 02% v FEA=EG
T Azgo) ¥A vkt mEty 02% 34 3=

Table 4. Comparison of result with Japanese one

Aol 9% e 7lre) P2 AL 1% S22
o8 FEZERT i & AL M F 4
2 ZoE HAEHAY. B T2AFAFoA SS 400
£ 500°C ojollM &N HE 2Hete HCE
(23107 g=

B2 A7oA $3E SS 400759 FEPE} §4
Aol QEo £ wffe] £ F] FEA
o EBAIFE Table 49 AATA.

Table 4°1A] Bl ule} 7ho] 12eAe] FEIE
o} eAS 2B Zhzke] ARR|gAA & Aol
7} 982 ¢ & AT

2.2 SM 490 :

L7z L 7FAQl SM 4909 AR D 72917
3 Aa= Table 59 23, 42 2o g 33-
HY T FHL Fgure 12~1334 2} E£3 LE9s)
of ma z+E 71413 B4 ¥Wske Figure 14~180]
e At

B A#ASE EYE £33 SM 4909 A4
Table 6% Zon, AFZAAE FH3rd Figure 191
AA AT A2 200°C SEFHNA FEFESG
SBAASE & Wil glgleng B F7idre 3
Ao Aol e AABAL, 200°C olF= A7
o] exd 3t AAE 0|83 FFHYE BT

SM 490¢] 7& A] gEATe QARG E Wslg

2= 2 a4 A&

“C) 827} % (Mpa) A3 Al 4-(Mpa) FEIIT (Mpa) B3 A4 (Mpa)
AR 280.69 214,783.8 243.92 210,700
100 247.64 208,679.83 232.16 198,940
200 236.07 189,342.83 218.74 202,860
300 183.13 186,152.73 183.16 182,280
400 175.06 192,510.36 161.90 183,260
500 166.07 134,254.5 151.61 156,800
600 11945 111,281.53 102.61 145,040

J. of Korean Institute of Fire Sci. & Eng., Vol. 21, No. 3, 2007



52

49

_H—

Table 5. Results of mechanical properties according to temperatures(SM 490)

eE e 329 (MPa) JARE A A g
(C) 02% &4 | 10% 2% (MPa) (MP2) (%)

1 422.78 419.04 588.10 239890.36 30.54

Ao 2 412.54 409.30 57436 205869.26 30.64
- 3 401.80 413.54 578.86 194517.12 30.16
B 412.38 413.96 580.44 213425.58 30.45

1 380.33 379.58 537.65 184812.50 30.12

100 2 377.08 378.83 535.91 176726.79 29.58
3 379.83 383.32 539.65 189992.35 30.09

oy 379.08 380.58 537.74 184843.88 29.93

1 341.12 365.10 527.66 208683.76 27.09

200 2 331.88 370.34 524.42 208788.69 25.31
3 352.86 381.33 538.65 212725.06 26.08

B 341.95 372.25 530.25 210065.84 26.16

1 294.17 375.33 530.03 179643.43 28.88

300 2 285.93 379.83 549.39 180875.14 28.39
3 295.42 382.58 552.39 185333.23 30.55

oy 291.18 379.25 54394 181950.60 2927

1 278.94 355.86 490.46 173268.15 31.70

2 289.43 365.59 494.20 151060.09 31.95

400 3 285.43 357.60 467.98 165978.90 29.45
H 284.60 359.68 484.21 163435.71 31.03

1 257.96 323.39 391.82 153349.94 38.48

2 24598 304.41 365.59 151414.11 41.04

200 3 24323 30192 360.10 141770.29 40.31
o 249.06 309.91 372.50 148844.78 39.94

1 171.81 206.52 219.26 109600.67 48.51

2 177.55 217.01 232.74 110549.95 51.20

600 3 171.56 206.77 22225 " 94536.64 49.51
T 173.64 210.10 224.75 104895.76 49.74

1 106.38 116.12 117.37 73515.28 63.86

700 2 115.12 126.86 128.86 76029.11 60.50
3 109.38 125.86 127.11 72390.36 56.57

Bt 110.29 12295 124.44 73978.25 60.31

1 52.44 6243 70.17 50597.22 87.00

2 54.94 64.43 70.92 55474.05 73.20

800 3 53.69 6543 70.92 57530.20 97.37
B 53.69 64.10 70.67 54533.83 85.86

1 28.72 3296 5444 40121.11 69.44

2 26.22 3047 52.94 22230.91 60.92

900 3 24.47 2872 36.21 39090.34 56.60
A 26.47 30.72 47.86 33814.12 62.32

P72
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Figure 12. Stress-strain relation with temperatures (2%
strain).
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Figure 13. Stress-strain relations with temperatures.

450
F' [ |
350 p - ‘

300 p b | .
250 b | |

200 b
150
100 b 4

5 P 3

° . Y . . N N -
0 106 200 300 400 500 600 700 800 900
22(T)

)

FS
Q
o

0.2% Y ¥RBE(MPa

Figure 14. Patterns of yield strength (0.2% offset strength).
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Figure 15. Patterns of effective strength (1% offset
strength).
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Figure 16. Patterns of tensile strength with temperatures.
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Figure 17. Patterns of elastic modulus with temperatures.
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Table 6. Regression equations for mechanical properties (SM 490)

TE 27 3174 H] 3
S T<200°C 2%k 330 MPa
200 °C<T ~0.48X &% +452.88 R?=0.97
N T < 200°C ezt 210,000 MPa
200°C<T —259.9X 25 +264385 R?=0.99
700
N 3@ =
—a— A E(1%,0ffset) !
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Figure 19. Summation of mechanical properties with
temperatures.
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S0 23 FEAERT T AEe] A v
th @A 02% 4 FEAEE A B3 FA % 7
o] 2 AAHL 1% 9420 93 FEA=RT} thi
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3) F2E A ELEE FHA nFEXFA
F&5HE 500°C~550°Ce] B2 Ads A}

Table 7014 HIE upe}h o] FRAEE &9

Aol wisiM i g FHE Bl X, BAEA EDEH

SEe oha e S4¢ Helw Yoy gAHes
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Table 7. Comparison of result with Japanese one
25 N g dE
o FE7E (Mpa) R A% (Mpa) FE7% (Mpa) B4 14 (Mpa)
AL 412.38 213,425.58 350.06 210,700
100 379.08 184,843.88 333.79 210,700
200 34195 210,065.84 304.49 196,980
300 291.18 181,950.6 253.62 192,080
400 284.6 163,435.71 246.18 194,040
500 249.06 148,844.78 215.60 152,880
600 173.64 104,865.76 149.45 136,220
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