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Abstract - Fire caused on the structure lowers the strength of the member and it is likely to cause a collapse. In order to cope with
this, fire resistant steels have been developed, in which yield strength at 600 °C more than 2/3 times of yield strength at room
temperature. However, it is difficult to apply and commercialize fire resistant steels because the critical temperature based on
general structural steel is applied to performance evaluation uniformly in the domestic standard. In this study, the loading test at
high temperature using the thermal analysis of ABAQUS was simulated. And based on the load bearing capacity performance
criteria, the critical temperature of flexural member using fire resistant steels were evaluated more safely and reasonably.
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Table 1. Criteria for fire resistance performance

Loading Test Unloading Test
Limit Limit Limit Limit
displacement | strain velocity average maximum
(mm) (mm/min) temperature | temperature
_ 2 dDldt = o o
D = L7/400d 12/9000d 538 °C 649 °C

L = Span of the beam, d = Height of the cross section
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Table 2. Thermal properties formulas'® of general steel

. . Steel temperature
Properties Equations (0, °C)
Density B
(kg/m) p=17850 -

Conductivity | 4=54-333x 1020, | 20<6, < 800

(W/m°C) =213 800 <0, < 1,200
ca=425 +7.73 x 1070,
- 1.69 x 10762 20<6, < 600
+2.22 %1072
Specific heat ca =666 + 13002 600<0, < 735
(J/kgoc) 738 — Hu
17820
ca=545+0 - 735 <6,<900
ca =650 900 <6, < 1,200
Alll=12 %1070,
+0.4 % 10762 20<6, < 750
-2416 x 107
Elongation Alll=1.1% 107> 750 < 6, < 860
_ -5

All i’g;ox 196,3 860 < 6, < 1,200
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Fig. 2. Reduction factor of strength for general structural
steels at high temperature — Eurocode 3
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Table 3. Thermal properties formulas' - of fire resistance steel

Steel
Properties Equations temperature
(0a; °C)
Density _ B
(ke p=17850
Conductivity ,
=54 _ <@,<
(W/meC) As=54-2.56x 1076, 20<6,< 1,200
, =473.1+6.89 x 1070,
Spgj;(ﬁi é‘)eat ~1.58 x 10762 20<0,<1,200
& +1.95 x 100
Expansion a=(0.00620, + 11.48) <g. <
coefficient (@) x 107 20<0.<1,200

Table 4. Mechanical properties formulas!'* of fire resistance steel

Equations of Steel
Properties q . temperature
reduction factor
(0a; °C)
Yield |~

1© (0.001724 x 6, —0.034482)*2 | 20 < 0, < 800

strength | 1 -
3

Modulus kpo=-222%x10762

of -2.097 x 1076, 20<6,<1,200
elasticity + 1.005

Yield strength
------ Modulus of elasticity

S
)

e
+¥
[

I

I

I

I

I

Reduction factor of strength

|
0.4 0.65 | ’
|
0.2 |
=i
: +
0 200 400 600 800 1,000 1,200

Temperature (°C)

Fig. 4. Reduction factor of strength for fire resistance steel
(SM490-NFR) at high temperature
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Contents Default value
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Table 6. List of analysis case

Load bearing-capacity criteria
Load (KS F 2257-1)
Case Section Material (kN-m? Limit Limit CO@OH
load ratio | displacements | strain velocity L/30 condition
=0.65 Diimn dDldtin, (mm)
(mm) (mm/min)
1 H-400%200x8x13 SM490 315 100 4.44
(General steel)
2 H-350x175x7x11 F, =370 MPa 208 114 5.08 L.=4m,
3 H-300x150%6.5%9 E=210GPa 130 133 5.93 Simple
133 supported,
4 H-400%200x8x13 SIEIEAI?O-NER 315 100 4.44 3-side heating
. stee by ISO 834
5 H-350%175x7x11 F, =370 MPa 208 114 5.08 y
6 H-300%150%6.5%x9 E=210GPa 130 133 5.93
8 (0.65M,)
s
PRI e e e e e Pl iirn
Mo . - |
specification Hhr 3-sided heat SN
- -
U =U,=Uy;=0 U =U,=0
UR,=UR;=0 UR,=UR;=0
Table 7. Analysis results
Case 1, Case 4 Case 2, Case 5 Case 3, Case 6
H-400%200%8x13 H-350x175%x7x11 H-300x150%6.5%11
400 400 0 0 400
——— FRsteel ' ——— FR steel H H —— FRsteel
= |------ General steel H = |- General steel : : = |------ General steel
5300 ’: ESOO 5300
L%100 A T:5-100 7:5_100 ....... 4
3 2 2
0O 2 4 6 8 10 12 14 OO 2 4 6 8 10 12 14 00 2 4 6 8 10 12 14
Time (min) Time (min) Time (min)
w0 FR steel : 0 FR steel i : §08 FR steel
—_ —_— te " —_ —_— 1 i H —~35 —_— i
EB0) . Genser:I steel H EB0 . Gensef:l steel I é 300 [ --nmm- Gense::l steel
200 " 200 A B
E150 } E150 i
Z100L et =100 2
gt/ e g 10
R P it A S S N 47 < RN SO L oo ,
0 0 -
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 10 12 14
Time (min) Time (min) Time (min)
800 Avg. temp. (FR Steel) 800 Avg. temp. (FR Steel) : : 800 Avg. temp. (FR Steel)
700 Max. temp. (FR steel) 700 | —— Max. temp. (FR steel) 700 Max. temp. (FR steel)
D600 |1 e e e e D600 | e e e G600 | 2717 o e )
2 500 > 500 5 500
] 400 g 400 g 400
2 300 2300 2 300
§ 200 E; 200 E; 200
100 100 100
0 0 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Time (min) Time (min) Time (min)
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Table 8. Fire resistance performance

Fire resistance
performance time (min) Improvement
Section .o
General Fire resistance | Tatio (%)
structural steel steel
H-400%x200 10.8 13.1 213
H-350%x175 9.8 11.7 19.4
H-300%x150 8.8 10.2 15.9

Table 90f Aut JLZEASE ARE-SF Cases 1-39]| T 5f
AL E APt 2] KS F 2257-1914 AA|5h=
Al2Loke] | W& UER Gl o] v 1= 7]&9] Al

o ol

T} oA A 9] 2ol et
W Aoltt.

Case 19] 4 HF2E =533 °C, T2 E=613 °CoJ
11, Case 29] A9 HH-2 T = 532 °C, FI-LEE 603 °C,

Case 39] AL HHL L= 52] °C, I LT 575°CE U

‘dee L AR

BRI}, Table 92 5 E] Thi 2] 27} 2422 Y514 5] 7H0]
27 UrEpgot olof mhe gLk 2 3o]7} EhA]
ot olgt e @Al ele TERAALT} as
2 Ao SrAlss st ulas] ehls] el 4

O 2 gt of 7| A SA AT o] 5 A 2] A9
o= T 4ol sH =& WA S G do|d A H o2 1t
1= Zrolth. Table 92] YRHA ol gt SHA| 2 E= = 7]
Z7 | WolA S f i H o W2 Aol Jlow, B
2= F 3.3 %, H 2% Fv 12.5 % Ao 7k UrEks:
o} 7o) A Al Bohe Tes] B H| = A H Al
Lo} B WA, A A E 5= LT Al E = O
A 5tol= A WAL it} 121 B = ARdAfof sy
e AT H| 2 AR EE A oks Aole Bot g2 50
= 9751 Zo] Wa g Ao Wekw),

&Y HH o= P A7 ARE-E Cases 4-60]] Tzt 31
255 AP 53Tt Table 100f] 542 B0 A= Lut

!

Table 9. Evaluation of critical temperature for general structural steel

Critical temperature
Case Average temperature Different ratio Maximum temperature Different ratio
§©) (%, against KS criteria) (4®) (%, against KS criteria)
1 533 -0.9 613 -5.5
2 532 -1.1 603 -7.3
3 521 -3.3 575 -12.5
Mean 529 -1.7 607 -8.4

Table 10. Evaluation of critical temperature for fire resistance steel

Critical temperature
Average temperature Maximum temperature
Lese Impovement ratio Different ratio Impovement ratio Different ratio
Temperature . . Temperature . .
¢0) (%, against general (%, against ¢0) (%, against general (%, against
structural steel) KS criteria) structural steel) KS criteria)
4 620 16.3 15.2 675 8.9 4.0
5 613 15.2 13.9 659 7.5 1.8
6 587 12.7 9.1 630 7.3 -3.0
Mean 607 14.7 12.7 655 7.9 29
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Fig. 9. Comparison of critical temperature
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