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An Experimental Study of Improving Fire Performance with Steel-fibers
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Abstract - This study focuses on mixing steel fiber in the concrete to improve the ductility and toughness of the columns. The
purpose of the study is to evaluate the load capacity and deformation capacity associated with the amount of steel fiber and
loading condition and to analyze the interplay between the steel fiber reinforced concrete and the welding built-up square tube in
terms of structure and fire resistance performance. Reinforcement of concrete with steel fiber(V{=0.375%), when cross-section
shape and boundary condition (load ratio) remained unchanged, improved fire resistance performance by 1.1~1.3 times. It is
deemed that the area resisting thermal load increased and fire resistance performance was improved since the concrete reinforced
with steel fiber restrained cracking. In addition, the fact that the cross-sections of the concrete were barely damaged indicates that

load share capacity was greatly improved.
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Table 1. Previous Studies of Internally Anchored Composite
column

No Title Main Parameter(note)

An Experimental Study on
Structural Performance of
Welded Built-up Square

stub Columns

Column Shape, b/t, fck
— Compressive Load
(Specimens : 15)

Concrete Filled condition
and Welded Capacity

Structural Characteristics of]
Welded Built-up Square

2 CFT Column to Beam — Simple Tensile test
Connections with External (Specimen : 9)
Water pressure Test and

analysis for Welding Steel tube Thick. and
3 Thickness Decision for New| Weld throat thickness

Cold-formed Type Concrete| — Water Press Test
Filled Tubular Square (Specimen : 6)
Column

A Study on the Load

Carrying Capacity and Column cross shape,
4 Deformation capacity of the| b/t, Load condition

Internal Anchors Welded
Cold Formed Concrete
Filled Columns

— Compressive Load
(Specimen : 10)
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(a) Reinforced Concrete

(b) Plain Concrete

Fig. 1. Concrete damage by high temperatures
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Fig. 2. The interaction between SFRC and steel rib
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Table 2. Studies on SFRC columns

Specimen list

No| Year | (DiameterxThick.xhigh | Parameter and note
(mm))
Aggregate:
-Cylinder:150%300 Carbonate,
1 |1 1996a | -Brick:200x100x50 siliceous
-Prisms :100x100x400 Proposal :Thermal
properties
Loaded heating test
‘FC1 ©&322.9%x6.35%3810 | a Verification by
5 11996b ‘FC2 &355.6%6.35%3810 Finite difference
Steel Grade 350/ Method a Evaluated
fck:53MPa of Temperature
distribution
-SQ1 []152.4x6.35%3810
-SQ2 []177.8x6.35x3810
311997 |-Sq3 [1177.8x6.35x3810
Steel Grade 350/ Concrete
fck:49,39 Compressive
- @324, 356%6.4x3000 Strength and Fire
-[1152%6.4x3000 performance relation
411998 |-[1203x12.7x3000
-[1150%5%2520
-[1200%5%2520
- 355%6.4x3810 Filled Conerete ope
5| 1999 |- @324x6.4x3810 | Al TeI oTee
- [1203%6.4x3810 cor'lcrete, Steel-fibers
reinforced concrete
Proposal the Fire
6 | 2000 [Same the No.5 Design Guide
7 | 2004 Cylinder 1:100~200 Wave steel-fiber

*Cylinder 2:150%300
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Table 3. Specimen list

No| Spec. (};of) (l\jﬁia) (13:;) (1?13) T“t(lflg;‘d Cloe| cre
1] F3500 | 0 | 40 [3395(6,198] 1,188 |0.35]0.18
2| F5000 | o | 40 [3395[6,198] 1,607 |0.50]0.26
3] 3520 [0.25| 41 [3.395]6,198] 1,188 | 035]0.18
4] F5020 [0.25| 41 [3395[6,198] 1,607 |0.500.26
s| F3030 0375 50 |5,934/7,007] 1018 |o030]0.17
6| F3530 (0375 46 |3.393]6,198] 1,187 |035]0.18
7] F4530 0375 50 [5.9347,007 1527 [o045]026
8| F5030 0375 46 |3.387]6,198] 1,693 |0.50]0.26
F 00 00
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. F (Fire resistance test)
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Table 4. Results of material(Steel) test

Thick.(mm) | Gread | Fy(MPa) | Fu(MPa) |Fu / Fy(%)
SM
6 490 414 471 0.86

Table 5. Strength and composition of SFRC

Design Strength Mixing ratio 0 0.25 0.375
(%)
Compressive
(MPa) 41 42 46
40 MPa Tonsil
ensile
(MPa) 4.1 4.9 6.7
w/C S/A Slump | Unit Weight (kg/m’)
(%) (%) (cm) C | W | S |G
27.9 40.1 15 585 | 178 | 563 | 847

Table 6. Shape and size of steel fiber

RC-65/60-BN
— - =
}T\: Length (1) %Diameter @
60 mm 0,75 mm
h, h* (mm) a, a’ (degree) I, I’ (mm)
= 0.75 = 20° 1.5~5.0mm
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Fig. 3. Detail of Specimens, Vent holes and Thermocouples

1o
rﬁ

JN

Heating Furnace

pecimen(S-ACT Col))

| —1Load cell(300 ton)

G.L

& A uHA 02 AFeRANNE AT 7159 ATt R
A IO SSTT agaes o) Az un 2a0s wyEel 2
_ AL oFA| 3L webA] 7} A0 2L 5 Amo) A4 o] 2
2 wlegick, Sk, s Al 2AEE 31 TS 4
(2) Heating Fumace A A 54 Uehich, © o] & Wgow 99
- A HA @ 7Tl A Wi B ER shFo] HolE 77
@ 2aeE WO 35 Ao BT £5715 2

o @ FET 5 FF FEUAL 5o o] e}
Astd AR 2 ABAE F WP YA

=
|
w
(o
o

o
o3|
at
o
o
o

N—

Aot g4sH HMEHe & & ok A £4
0.25% (F3520, F5020) gggﬂ =R

(b) Displacement Measurement (c) Inside A AGAY AR & WY A Holal qledl. Aol

Fig. 4. Heating and measuring devices HE 5151 0.5 wf oF 5mmo] ZFaato] UhAE Ao 2

P23 =2 A26W A6E (Y A133F) 20144 12¢ 503



HeHds e fRt A B4 Uis AR 498 1S

~ | Displacement
(mm)

Displacment
(mm)

F3500 F5000

s “Time:(min) 5 Time (min)

= 20 40 60 80 100 120 5 20 w} o 6 80 100 120
15 15
25 25
35 35
(a) F3500 (b) F5000
35 35
Diplacment F3520 Displacment F5020
g | (mm) i (mm)
15 15
5 Time(min) 5 Time (min)
s 20 40 60 80 100120 -5 20 4 60 80 100 120
15 15
25 25
35 35
(c) F3520 (d) F5020
35 35
Displacement F3030 Displacment F3530
28 (mm) 5 (mm)
15
5 _‘5;:9" R Time (min)
1) 20 40 60 a““%cg;.ﬂ 120
15 i
25
35
(e) F3030 (f) F3530
35 35
N ED‘W(‘:‘::‘:M' F4530 2 m"'(’:;;",""‘ F5030
15 15
5 E & %‘ﬁ%‘,\_ Time (min) s Time (min)
s 20 W0 gy 80 00120 5 20 4 60 80 100120
15 1
25 25
35 35
(¢) F4530 (h) F5030

Fig. 5. Axial Strain-time relationship each specimens
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Table 7. Fire resistance time and thermal expansion

Fire resistance .time each part Expansion
Spec. | V(%) (min)
@ @ | ® | SUM | (mm)
F3500 0 28 22 22 79 12.0
F5000 0 - - - 41 0.7
F3520 0.25 29 21 30 80 11.0
F5020 0.25 18 13 12 43 7.0
F3030 | 0.375 30 35 55 120 10.5
F3530 | 0.375 28 20 59 107 12.0
F4530 | 0.375 21 20 19 60 7.2
F5030 | 0.375 24 14 15 53 10.0
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Table 8. Changes in weight and length after heating

Circumference
(mm)
R-F| R F
52 1300|312 12
60 | 300 | 319 | 0.7
70 302|315 | 11
70 | 301 | 320 | 7
36 | 301|328 | 27

Weight (kg) Length (mm)

Spec.

R F
1036 984
1036|1008
1032| 968
1030 984
1034 945

R-F| R F

52 3449|3388
28 134493390
64 |3449|3380
46 (3449|3380
89 3450|3414

R-F

F3500
F5000
F3520
F5020
F3030

F3530(1042|1000| 42 |3448|3378| 70 | 300 | 317 | 12

F4530(1034|1000| 34 |3453|3390| 63 | 300 | 307 | 7

F5030(1042|1000| 42 [3445(3382| 63 | 301 | 318 | 10
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Table 9. Load ratio and Fire resistance performance

Load ratio FRO.35

Vf (%) | 030 0.35 0.45 050 |/FRO.S
0 - 79 min - 41 min 1.93
0.25 - 80 min - 43 min 1.86
0.375 | 120 min | 107 min | 60 min | 53 min | 2.02

20

Diplacement,

15

10

-

Fig. 11. Displacement-Time relationship

28| oA} FZE = AL o = ek 0.375% U AEA
749-9] 51%H| 2 WSR2 Ago] XL glon 7}

= 4kA %
EWY-ABAE Fig, 1] ¥IIL sheleh, S5t 2o
A2 7330 3% 37171 S7hE, +ﬂ1ﬂEi 3k50] Aol

T 71&717) v gtebA Agshe Ae & 4 o

m 22 T ox

>
el
=
X
rlr
e
o
-
=
®
~ o
©
:
O
i
)
52
g2
|o
(o
U
N
N
ng
ad

©
Z

Jo

i

°

=) :
o
Fl[‘

rIo

:{o

5

A

v

_V{L

506 BRI =2 A26d A6Z(EA A133%5) 20149 12



Displacment
(mm) |

| Tinke (mim)

120

—m=F3500
-25 r —=F3520
—-F3530

35 b
(a) Load ratio : 0.35
35 ¢

[ Diplacement

om) | —m-F5000
15 1
% 1" - A F5020
o ——F5030
| ‘ | Time qminy
60 80 100 120

(b) Load ratio : 0.50

Fig. 12. Steel fiber mixing ratio & axial displacement
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