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ABSTRACT

Fire at building can occur enormous damages to life, properties, and environment and the risk of fire breakout is going
up higher because of application of combustible materials than before. Therefore, the steel industries are trying to develop
fire resistant steel in order to sustain the load bearing capacity of steel structures during fire situation. In this paper, to give
the basis data-bases for evaluation of structura stability of steel structures applied fire resistant steel, FR 490, the tests of
mechanical and thermal properties at high temperature were conducted and the comparisons are done with the SM 490

that has the same mechanical one.

Keywords: Fire resistant steel, 0.2% offset proof stress, Mechanica property at high temperature, Thermal property at

high temperature
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Table 1. Mechanical Properties of Fire Resistant Steel at
Cold

Mechanical properties
Specification| _ Y'?Id Tensile Elongation
Thickness | point strength %)
(N/mm?) | (N/mm?)
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 : _ Totd
Measuring temperatures (°C) | numbers
20, 100, 200, 300, 400,
FR 490 500, 600, 700, 800, 900 30

Table 3. Testing Speeds and Temperature Tolerance

Ram speed
Temperatures| Till yield | Afteryidd| P adre
per ! Y' ter.yl tolerance
point point
Room |17 N/mm?-sec| 20%/min -
. . 300~600 °C=+3

2. 0

High 7N/mm” - sec | 7.5%/min 600~900 °C=+4
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Table 4. Mechanical Properties of FR 490 at High Temperatures

Temperature Yield point (MPa) Tensile strength Elastic modulus Elongation
(0 0.2% offset 1.0% offset (MPg) (MPa) (%)
20 352.90 436.15 571.07 200333.75 30.22
100 319.48 391.40 522.67 195385.99 26.15
200 341.95 42451 569.45 229917.69 2243
300 340.90 435.40 586.31 160813.10 23.87
400 314.50 413.33 543.32 150363.83 2457
500 310.61 389.74 476.37 158749.46 24.85
600 256.79 300.85 324.21 122952.05 31.66
700 152.96 167.84 168.34 112557.1 33.15
800 75.93 79.60 80.35 77518.73 58.07
900 49.01 57.43 68.27 37189.59 58.31
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Figure 1. Stress-strain relations versus temperatures.
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Figure 2. Yield strength versus temperatures (0.2% proof
stress).
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Figure 3. Elastic modulus versus temperature variances.

o] el & HAaEA-2 7+t Figure 2~33 At
T NS EE =2E WaPAle] L=
A4 A2 Table 591 72t}
gog Hrke FEAEE oA 500°C
TN E Ao FEAEE A5k A 0E UEe
M, o]F 2=gJollM e AHA AAE B B
= oA 200°C 7 o] eAIS 58S &
AR, o]F PN e FEAE] SR ti =

Aok EEEds YoHrsh Hrke WIS AR
Sha?] A= 700 °C7HX19] 71A14 A B HAHE AA
&3 Lo, AFLolA 600 °C7HA] A2 WS fAlskE
Hzk 700 °Colld A2 Ee] 50%S FAshE Je 2 oA
FAT} FALSHA T,
EuroZ=®e] 1B} 71aA| e LA 400 °Crt
7

A g2 WEE A8k, ol F TRl e F438] 2ae)
= Ao AASL St ool nlshd & A3l A&
WabdaA el a2 Al el ek o 5 3ok

Fire Sci. Eng., Vol. 27, No. 5, 2013



4 At

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

Properties Temperature Regression equation Remarks
) T<500 °C Cold value (315 MPa)
Yield strength 5 2
500 "C<T -0.72T+674.49 R*=0.97
) Tc200°C Cold value (210,000 MPa)
Elastic modulus 5 2
200°C<T —211.73T+254343.8 R°=0.99
o714, T=2%(°C).
Table 6. Test Plans ocs:(0.0062T+11.48)><10’6 m/(m°C) @
Conditions of test }
Sorts . A7M, a=ER AT, T=25%
Measuring temperatures Numbers
0
FR4g | From reom lemparalre 0 1000°C | 5y oy | 332 e
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Figure 4. Result of elongation at high temperatures.
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Figure 6. Comparison of yield strength between FR 490 and
SM 490 at high temperatures.

250000

N A
200000 \ £

150000 TN

N Y
\
Y
100000 ~
. \
-~ -~
50000 — FR490 ~

— — SM490 "N

Elastic modulus (MPa)

o T T T T
o 200 400 600 800

Temperature (C)

Figure 7. Comparison of eastic modulus between FR 490
and SM 490 at high temperatures.
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