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ABSTRACT

Fire resistance steel, grading 490 MPa, had developed by using Thermo-mechanical control process (TMCP) and it has
better performance at welding, seismic resistance than those of the ordinary structural steel, But the fire resistance perfor-
mance is required to verify against the ordinary fire resistance, FR 490. Therefore this study was done to make database
of mechanical properties at high temperature and to evaluate the structural stability at high temperature in terms of materi-
als and structural member such as H-section from that of FR 490. The result of this study was that the structural stability
of TMCP was lower than that of ordinary FR 490 at the range up about 700 °C.

Keywords: TMCP fire resistant steel; Mechanica property at high temperature; FR 490; Yield strength, Elastic modulus
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Table 1. Mechanica Properties of Fire Resistant Steel at
Cold

Mechanical properties
Specification| _ . vield ) Tensle Elongation
Thickness | point strength (%)
(N/mm?) | (N/mm?) >
>
T™CP 16>t over 325 over 17
FR 490 16<t>40| over 315|490~610| over 21
t>40 over 295 over 23
Table 2. Testing Plans
Conditions
Specification : __| Tod
Measuring temperatures (°C) | numbers
20, 100, 200, 300, 400,
TMCP FR 490 500, 600, 700, 800, 900 0

Table 3. Testing Speeds and Temperature Tolerance

Ram speed
Temperatures Till vi f i Temperature
per i yleld Ater_yleld tolerance
point point
Room |17 N/mm?-sec| 20%/min -

300~600°C=+3°C

-
7.5%/min 500~900°C = +4°C

High 7 N/mm? - sec
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Figure 1. Specimen dimension for tensile test.
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Table 4. Mechanical Properties of TMCP FR 490 at High Temperatures

Temperature Yield point (MPe) Tensile strength Elastic modulus Elongation
() 0.2% offset 1.0% offset (MPa) (MPa) (%)
20 390.82 398.31 537.40 211979.76 29.04
100 376.58 379.58 494.20 190656.26 28.21
200 348.36 382.49 501.61 204736.27 26.69
300 308.74 389.65 524.59 196617.37 27.59
400 262.54 350.19 505.11 196452.95 31.69
500 254.47 328.55 433.69 173474.74 30.67
600 226.58 275.11 300.08 140737.00 35.34
700 120.53 132.52 133.60 109936.71 65.61
800 43.87 59.02 60.02 39806.38 89.25
900 36.63 51.11 59.93 28788.56 65.12
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Figure 2. Reduction pattern of yield points according to tem-
perature variances (0.2% proof stress).
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Figure 3. Reduction pattern of elastic modulus according to
temperature variances.

300 °CZ uehgon, A AL 7153 4] &%
HOE 400 °CE Uebst). o] A¥z ddsud, s

A e At WsPAl7E 7S Aoz o HE
AaseS TMCP s Al 7E 48 Aoz A=)

33 12 7IAH SA uln W}
TMCPE el o) 728 ZAle] Alzdshe 240 &

Wy Al weh GRS QAR FoE Ae

o] 9}, e} ofeidt E4o] 3

Wzl )3k A Aol gl Agolt. Hey & oA

rlo
2
H

g
i)
i
2
S

Table 5. Regression Equations for Mechanical Properties of Fire Resistant Steel at High Temperature

Properties Temperature Regression equation Remarks
) T<300°C Cold vaue (315 MPa)
Yield strength S >
300°C<T —0.41T+437.46 R°=0.93
) T < 400 Cold value (210,000 MPa)
Elastic modulus S >
400 C<T -376.9T+360752.8 R"=0.97
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Figure 4. Comparison of yield point between FR 490 and
SM 490 at high temperature.
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Figure 5. Comparison of elastic modulus between FR 490
and SM 490 at high temperature.
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Table 6. Temperatures at Lapsed Time

Time Temperature (°C)
(Minutes) Fire curve Surface of H-section

0 20 24.7

5 576 206.2
10 678 447.4
15 739 638.0
20 781 689.1
25 815 709.8

Table 7. Expansion at Surface Temperature of H-section

Time Surface of Expansion
(Minutes) H-section (°C) (ME-03)

0 24.7 04

5 206.2 9.7
10 4474 129
15 638.0 138
20 743.1 139
25 796.8 139
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Table 8. Comparison Results of Maximum Load between
TMCP FR 490 and FR 490

Time | Surface temperature | Maximum load (Ton)

(minutes) | of H-section (°C) | TMCP FR 490 | FR 490
0 24.7 212.87 212.87

5 206.2 137.42 164.90

10 447.4 107.46 121.71

15 638.0 89.64 95.64

20 7431 76.81 76.65

25 796.8 66.68 61.52
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