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An Experimental Study on the Development and Application of Steel
Fiber Reinforced Concrete
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Abstract

The purpose of this study is to investigate and analyze the effect of length of steel fiber and
concrete admixture such as silica fume and fly ash on the workability and engineering properties
of steel fiber reinforced concrete (SFRC). As the results the follows are found. First, it is poss-
ible to make steel fiber reinforced concrete having the consistency of 10cm slump and 238 days
compressive strength of 600 kgf /cm® by adopting low water binder ratios and using
superplasticizer. Second, the compressive and tensile strength of SFRC containing silica fume
and fly ash is lower than those of plain concrete in the age hefore 28 days, but higher in the age
after 28 days. Finally, tensile strength of SFRC is higher than that of plain concrete, and so
adding the steel fibers in concrete increases the toughness,

Keywords : steel fiber, steel fiber reinforced concrete, SFRC, length of steel fiber, admixture,

silica fume, fly ash, consistency, superplasticizer, water binder ratio
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Table 1 Experimental factors and leveis

Factor _ . Leyel
W/B("/wt) .
Addition Rates of
Steel Fiber (" /v £ )
Length of Steel
Fiber(mm)
Substituted Pfoportion

. S
- 0O 0 ‘ SE30 | FAL0
of Admxture(%s) ) o
éddltion IQaFezs of/ Lo Lo ] e 1o
Superplasticizer (%) B J
) W /B : Water binder ratio
SF : Silica Fume, FA : Fly Ash
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Table 2 Shapes and sizes of steel fiber

t i
Type ‘ Aspec Size Shap§ of

| ratio section
shearing 36 0.5%0.5x20
steel 55 0.5%0.5%30 square
fiber 73 0.5%0.5x40

Table 3 Properties of materials
Cement specific gravity : 3,12

Type M

specific gravity : 2.2

Fly Ash Blaine’s Value : 4,050 (cm?/g)
Ig. loss : 3.5 (%)

specific gravity : 2.1

Blaine’s Value : 200,000 (cm?/g)
aspect ratios : 36, 55, 73
specific gravity : 7.85

specific gravity : 2.64

FM : 256

Sand percentage of water
absorption : 1.65(%)

max. size : 5(mm)

specific gravity : 2.59

FM 6.78

Gravel percentage of water
absorption : 1.65(%)

max. size : 20(mm)

specific gravity : 1.10
Superplast- | main component :

Silica Fume

Steel Fiber

icizer sulfonated naphtalene

formaldehyde condensate

Table 4 Mix proportion of plain and steel fiber reinforced concrete
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. . . fume ash ; fiber
Fiber (%) (mm) (" /wt) (%)
0 — 0 L0 195 | 206 0 0 206 383 g
0 20 0 1.0 i 373
1 30 SF30 1.6 190 140 87 0 200 363 10
40 FAL0 1.2 193 183 0 31 204 369
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Table 5 Test results of fresh concrete

‘ addition | length of | substituted | | :
i i airr tempe unit N . cormpac-
W /B rated steel | proprotion . slump(cm) © flow .
. N N | . content | rature — weight | | ting
(%) Steel fiber | of admixture i fact
" N ) ‘ ) , : [ - actor
~ , F{JE{_(?'{/) Cmm) Cwt) ,,<%) (r) [(kg/€)]| before* “, after®* lem) |
0o 0 0 1.9 16 240 | 185 1 - | 435 | )097 v
0 1.1 ' 16 2.41 2000 12.0 S84 0.94
20 SE30 1.4 15 2.38 20.0 15.5 39.0 0.98
- ) F‘Al})r o 21 o lb Jf.HF)r ) ’2().0 71().5 i{i.:’i 7 ﬂ() ‘)h
30 0 11 15 2.41 20.5 10.0 37.6 0.95
1 30 i SE30 18 : 15 2.35 210 15.0 39.0 0.96
L FAl0 | 22 16|27 19.5 BO | 310 0%
0 1.2 ‘ 15 2.40 210 6.0 36.5 0.92
40 SE30 15 14 2.34 210 1 10,0 385 0 0.9
L - Al L7 | M| o2sT 20 40 348 089
# slump of concrete before adding the steel fiber
## slump of concrete after adding the steel fiber
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~ 3.0
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= 25
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2301 Flain | 1787 5 L9 X2 !
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FA T 4] 1.0 T
2.25 : 7 1 ‘
plain 20 30 40 . !
Length of steel fiber(mm) 0.5 7 the same legend :
) ) ) as Fig. 1.
Fig. 1 Relationship between unit weight and length of steel ;
fiber for kind of admixture 0.0 i ) y ‘
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Length of steel fiber (mm)
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Substitution proportion of admixture(

Fig. 3 Slump loss by addition of steel fiber
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Fig. 5 Relationship between compacting factor and length
of steel fiber for kind of admixture
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Table 6 Test resuits of hardened concrete

* Percentage of each age compressive strength by 28 days compressive strength

e 13 19942

W/B( /wt) 30
Addition rates
of Steel 0 1
Fiber (%)
Ifength of Steel 0 20 i 30 10
_Fiber {(mm) ‘ i
Substitution }
Proportior of ( 0 SIF30 | FAL0 0 : SiF30 | FAL) (0 SiF30 | FAL0
Admixture{” /wt) ] 3 I
Addtion Rates . . N .
1.0 1.0 1. 1.2 1.0 1.¢ 1.2 1.0 1.4 1.2
of SP (%) ’ ] : '
7d 2.43 2,50 243 1 2.48 2.48 2.42 2.44 2.49
Unit 28d 2.42 2.49 246 1 245 2,49 2.42 2.45 2.46
Weight 60d 2,43 2,51 2.45 2,46 2.48 2.43 2.46 2.51
(kg/¢) 90d 2.40 2,43 2.40 2.41 2.44 2.40 2. 2.46
B »18()d 2.43 2.46 2.39 242 2.149 2.43 p _’17 | 2.3
7d 524 580 487 543 057 432 527 574
Compressive 28d 596 692 654 639 668 625 621 667
Strength 60d 619 704 742 689 691, 724 659 697
(kg /cm”) 90d 658 702 766 714 708 759 723 750
e ,v,,,l,,g()d ) 76(752 718 766 747 ) 732 787 726 764 Y
Percentage 7d 38 81 74 85 83 6Y 85 &6
of 28d 100 100 100 100 1600 100 100 100
compressive 60d 104 102 113 108 103 116 106 104
strength* 90d 110 101 117 112 106 121 116 112
(%) isod 111 tod 117 117 110 126 117 115
Splitting 7d 40 44 41 15 46 44 11 51
Tensile 28d 43 45 45 16 43 48 45 52
Strength 60d 44 50 48 48 ho hd H0 03 !
(kg/cmz) 90d 44 52 H2 51 52 56 50 53 n3
180d 415 53 56 54 h3 I5te) jy4 a5 h6
7d 131 13.1 11.9 121 12.1 9.8 12.9 11.3 10.9
Brittleness 28d 13.9 15.4 145 13.9 13.9 13.0 13.8 12.3 12.5
Factors 60d M1 | 1L | 155 | 144 138 0 134 132 132 143
90d 15.0 135 14.7 14.0 13.9 136 145 14.2 145
180d | 147 | 135 | 137 0 138 138 la6 10 10 143 ]
Dynamic 7d 372 3.492 343 1 370 371 341 3.55 3.72 342
Modulus of 28d 3.495 4.22 391 4.04 4.07 3.7 3.93 3.97 3.71
Elasticity 6H0d 4.05 4.31 4.07 413 4.17 3.94 4.00 4,16 3.89
(Xl()skg/crr‘“') | 90d 4.15 4.24 3.99 4.17 4.16 3.98 4.14 4.22 3.91
CUTTT T asnd | 407 | 421393 0 400 420 399 401 410 389
Static d | 270 | 302 | 259 255 283 0 260 245 263 239
Modulus of 28d 2.79 3.15 2.82 294 2.86 2.82 2.80 2.78 2.61
Elasticity 60d 2495 316 2.89 3.03 311 2.99 2.98 310 2.85
(xl()‘r’kg/crrz) 90 3.27 3.38 3.10 3.27 3.33 3.38 3.10 3.27 311
' 180d | 327 | 342 322 325 335 333 315 321 312
Ultra 7d 141 4.35 4.12 4.19 4.24 4.16 122 4.31 1.19
Sonic 28d 4.45 4.42 4.26 4.39 4.28 4.21 4.43 1.31 4.24 4.40
Pulse 60d 14.56 4.59 4.51 1.57 4.57 4.39 1.58 4.48 4.44 4.67
Velocity 90d 4.49 4.57 443 4.49 4.46 4.42 1.48 1.58 4.38 4.54
(km/sec) 180d | 457 | 458 447 446 450 447 452 456 448 459
7d © 40 41 39 40) 40 38 039 41 34 40
Rebound 28d 42 45 44 | 44 43 42 ‘ 12 13 40 4
Numbers 60d 44 46 46 1 44 45 46 i 45 46 46 45
90d 414 47 47 45 45 48 A7 449 48 47
180d 45 47 18 16 17 19 17 9 50 48
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Compressive Strength (kg/ca?)
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Steel Fiber(%)

Fig. 6 Effect of length of steel fiber and kind of admixture
on compressive strength
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Fig.

7 Effect of length of steel fiber and kind of admixture
on tensile strength
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the same fegand

(1)Plain  BF =0.0128Fc+6.3366 (R=0.978)

101 (2)SFRC-20 BF = 0,0095Fc + 75196 (R=0.752)

(3)SFRC-30 BF = 0.0083Fc + 7.0844 (R =0.826)

9 (4)SFRC-40 BF = 0.0112Fc + 5.3525 (& =0.865)

400 450 500 550 600 650 700 750 800 850
Compressive Strength (kg /cm?)

Brittleness Factor(Fc /Ft)

Fig. 9 Relationship between compressive strength and
brittleness factors
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as Fig8

(1)Plain Fc=637Ve-2251 (R=0.782)
(2)SFRC Fc=476Vc-1433 (R=0.746)

4 41 42 43 44 45 46 47 48
Ultra-sonic Pulse Velocity(km /sec)

Compressive Strength

Fig. 12 Relationship between ultra-sonic pulse velocity and
compressive strength
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2 |
3 950 the same legand
£ 500 as Fig8
g (1)Plain Fc = 27.06RN-5518 (R=0.962)
3 4501 o (2)SFRC Fe=25.6TRN- 4723 (R=0.961)
© 400 (3}l Fe=20.5RN-281

36 38 40 42 44 46 48 50 352

Rebound Numbers

Fig. 13 Relationship between rebound numbers and com-
pressive strength
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