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An Experimental Study on the Mechanical Properties and Long-Term Deformations of
High-Strength Steel Fiber Reinforced Concrete
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Abstract

This study presents basic information on the mechanical properties and long-term deformations of high-strength steel fiber rein-
forced concrete(HSFRC). The Influence of steel fiber on modulus of elasticity, compressive, splitting tensile and flexural strength, and
drying shrinkage and creep of HSFRC are investigated, and flexural fracture toughness is evaluated. Test results show that Test results
show that the effect of steel fibers on the compressive strength is negligible, and the modulus of elasticity of HSFRC increased with
the increase of fiber volume fraction. And the effect of fiber volume fraction(/y) and aspect ratio(//dj) on tensile strength, flexural
strength and toughness is extremely prominent. It is observed that the flexural deflection corresponded to ultimate load increased with
the increase of Vyand //d;, and due to fiber arresting cracking, the shape of the descending branch of load-deflection tends towards
gently. Also, the effect of addition of various amounts of fiber on the creep and shrinkage is obvious. Especially, the effect of adding
fibers to high-strength concrete is more pronounced in reducing the drying shrinkage than the creep.

Keywords : high-strength steel fiber reinforced concrete(HSFRC), compressive strength, tensile strength, flexural strength, flexural

fracture toughness, creep, drying shrinkage

kO

B

L

Q1)
E40) B

el

T
A=
.

1
ATE Y

on, AR, URYE, A=,

Ao Uehslth. ole v, 3 [0l S71ek A Skl
e spdatade] ishA sty Wil Zo&
2 Ao vehton, 58] wi ZaE 24
Ao& VERTE

MO AT R

)

oo =
=5 &4

ZIAZE, dE=, <)

WA=, x5 B 3z wixe AR £99 99
PV 3E Brkeslnt. A8, HSFRCE 4573l PlAle el EHavhe kA 24 eshar, @27
7Rl uie} S7kshe Aos yepgton, R, 974%= B A vl

/Koko_g

[<)

R ZAEMSFRC)] AA 3 Algs 99 712 ARE Alsd] Sjsle] o

FRET), 3 o) 5 Az vHE
o =]z e wla) DxsE WA A7 Be ARl

Al

o4 54

A7

AESaL

T AEdE

AFERE () R AR (d)e] 9T s
he ARRe] S7taL, el EaTEdsel 2l

AEAE(p FF Uie

(=l =]

o ya

A AALAY A FREE FE5I @), 2uE
3} 9 gefsle)] ksl AMeEE EABE FEREAE Al
Aslgol ule} 1wt 3% FIHEV) 151ES] 7F
ek o} g=ke] ARA) Foll FHAl AREE] ko,
IPE ZAES MEs ZITE 7)&e] Wy} 3
S 3A%3) e Aoz s JTHACI 363 Committee,
1992). I2iY e ZIZEL] AR GAXGFE 7
A I3k TAE FET & ot e ke w

SIRAANEOIN ) |22 7R AIANE-mail: k319yes@kins.re.kr)
&g - SHHSIN ESZSH 114 (E-mail: sb_park@cnu.ac.kr)

264 H2AYE - 20065 3H

Y=, W, o)z, 2GS
2 =G A7 W 5 A SR FAE o) 4

glom, A% 2 vhrge] $5sht nEEIelEs) v}
WAZ QT 2 Bt A Fol oig As
o] Hor] HArjeY olF FAF YA Yot BA

A A3k Zhar JlovE FEE AEs TS B,
TR EsE e E AL St

T#HEE oEelde et FIES] P, FUE,
A, HEEY 2 T Ui AR T I 54
Mo EFA Aoz ERIE RE T EARE
& BAAEE AR 1% AR 232 E(HSFRC,

— 401 -



High-Strength Steel Fiber Reinforced Concrete)ol] thgl <1
T7F &3] o]FojA A Qi XF7HA] A7-A7 HSFRC
= TolHA FRkelels Aol EL AR,
A B Aol STkl Ae®E HaEal Qlotk(Wafa
5, 1992, Wafa 5, 1993; Hsu 5.
1997; Shiiba -5, 1992; Zhang 5, 191; Daniel 5, 1994;
i 5, 2000; FERZ#(~ 5, 2001; Chunxiang 5, 1999). °}
A xS B Fx 5o A7AE 54 2 AR
Tt AFAAL A9 fle Aotk g e 1F
QF A B Al s AR AT E g
ot A7t olFolx FATNE FFAMGAC 7IEe] &
HEN oV @=Ea8E8S], 2003), HSFRCO B3 d7=
AN Aol o3 AREAIEE, wiEE oEHH —E***Oﬂ
T3 A7) FAEAE W o] Z7Ael Baet Ao
uE EE . AS7EE0 A - A8 A8 e T
WSS Ak AAARD A a7 ohe 5
1992; ¥FsH 5, 1990; FEL T, 2000, FEAY T,
2005).
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HSFRCY] vli%e E-ZA3AHIE(W/B, water-binder ratio)
0.30, A 7}FE-AHEH|(S/C, silica fume-cement ratio)S
0.12 3laL, e SIYE FollA9 @ﬂ]‘q‘&]‘ﬂ]i ¥zt
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Table 1. Physical Properties of Aggregates

Density Absorption . Unit Weight C
( g/cm3) %) Fineness Modulus (k g/m3) Abrasion(%o)
Fine Aggregate 2.63 1.40% 2.70 1,554 -
Coarse Aggregate 2.79 0.75% 6.67 1,617 8.7
Table 2. Shape and Properties of Steel Fibers
Cross Section . Tensile Modulus of
Types L(irllr%t)h Aﬁgggt ]()ge;rclzg Strength Elasticity
Shape Size(mm) (MPa) (GPa)
Round 0.5 30 60 7.85 1122 200.124
Hooked End
Round 0.75 60 80 7.85 112.2 200.124
Crimped Round 0,5 30 60 7.85 71.4 200.124
Indented Rectangle 0.4X0.8 36 56 7.85 81.6 200.124
Table 3. Properties of Silica Fume and Filler Material
Physical Properties Chemical Compositions(%)
Density Fineness Particle .
(g/Cl’l’l3) (sz/g) SiZC(AVSI‘.) SIOZ A1203 F6203 CaO Ig Loss
Silica Fume 221 263,000 1.36 u 92.5 1.7 2.5 0.6 0.3
Silica Powder 2.60 4,480 7.1 1 (<80 L) 98.9 0.7 0.3 - -
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Table 4. Mix Proportions of HSFRC

- Unit Weight (kg/m’
W/B ?o/A)(): (Sog &13 Clj’lnbglt . . = ). Coarse Steel
(vol.%) Cement [Silica Fume Water |Fine Agg.| Filler Agg. Fiber
0 520 52.0 172 725 72.5 853 0
0.5 517 51.7 171 721 72.1 850 393
0.3 0.1 0.48 3+0.5 1.0 515 51.5 170 718 71.8 844 78.5
1.5 512 51.2 169 714 71.4 841 117.8
2.0 510 51.0 168 710 71.0 836 157
[Note] HWRA = C X (1.0~1.5)%
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Table 5. Mechanical Properties of HSFRC at 28days

SF Contents Compressive Modul}ls- of Poisson's Splittipg Flexural Equivalent
SF Types Strength Elasticity . Tensile Strength Flexural
vol% | Vylyds (MPa) (GPa) Ratio | girength (MPa)|  (MPa) | Strength (MPa)
0 0 99.2 33.8 0.209 63 11.3 1.13
0.3 106.7 35.6 0.204 7.8 12.5 6.26
03 04 103.4 34.9 0.204 8.5 12.9 6.60
0.6 105.6 36.2 0.196 9.8 15.0 8.46
}é‘r’l‘(’ilz;‘; Ho 0.8 101.1 36.7 0.190 11.2 16.5 9.47
0.9 102.8 37.9 0.180 11.6 19.1 11.13
b3 12 98.7 38.6 0.176 12.3 20.9 12.52
12 98.9 38.9 0.169 12.7 22 13.93
20 1.6 953 39.6 0.168 14.0 248 15.95
0 0 99.2 33.8 0.209 63 11.3 1.13
0.5 0.3 108.4 35.0 0.203 6.9 11.8 5.83
Cri(‘gg’ed 1.0 0.6 106.2 359 0.196 8.8 14.0 7.74
1.5 0.9 102.5 36.9 0.176 9.8 16.1 10.25
2.0 12 97.6 38.0 0.164 11.2 18.2 12.62
0 0 99.2 33.8 0.209 63 11.3 1.13
0.5 0.28 103.3 343 0.202 7.7 12.6 5.79
I“d(elr)“ed 1.0 0.56 104.7 35.6 0.197 9.7 144 7.58
1.5 0.84 100.1 36.5 0.178 11.0 17.8 10.82
2.0 1.12 96.9 37.4 0.163 12.0 19.9 13.36
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Table 6. Correlation Analysis Results of Modulus of Elasticity

Table 7. Correlation Analysis Results of Poisson's Ratio and

and Vd/d; Vs - I/df
Type of | Correlation Standard Coeficient Value Type of | Correlation Standard Coefficient Value
Steel Fiber | Coefficient Error a b Steel Fiber | Coefficient Error a b
Hooked-End| 0.908574 0.867985 1.005 4.367 Hooked-End| 0.948587 0.005017 1.0140 0.0267
Crimped 0.925795 0.632699 1.003 3.965 Crimped 0.942636 0.006294 1.0188 0.0355
Indented 0.933120 0.550245 0.995 3.958 Indented 0.945289 0.006082 1.0182 0.0376
Complex 0.893960 0.797667 0.999 4325 Complex 0.906121 0.006854 1.0185 0.0314
42 0.2
_ Ec = 0.999E(1-p) +4.325V, - L/Dy . 021 § €0 =1.01856,(1-p) - 0.0814V; . Li/Dy
g 40 S = 0.797667 3 g S =0.006854
i—"; 020 r = 0.906121
% - é 0.19
.“_l_: g 0.18
E: % * § 017 H
3 * x O Hooked 30mm 016 O Hooked 30mm
=3 ° ® Hooked 60mm ' ® Hooked 60mm
A Crirmped 30mm A Crirped 30mm X
X Indented 30mm 015 X Indented 30nm
3 0.14
0.0 0.5 1.0 1.5 20 0.0 0.5 10 15 20
Vi Lt /Dt V. LHDE

Fig. 3 Effect of V; - I/dron Modulus of Elasticity of HSFRC
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Fig. 4 Effect of V- I/dson Poisson's Ratio of HSFRC
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Table 8. Correlation Analysis Results of Tensile Strength

and V¢ - I/dy
Type of | Correlation Standard Coefficient Value
Steel Fiber | Coefficient Error a b
Hooked-End| 0.971016 0.604400 1.050 5.054
Crimped 0.964487 0.529731 0.962 4.345
Indented 0.977368 0.483338 1.013 5.364
Complex 0.941675 0.743385 1.010 5.031
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Table 9. Correlation Analysis Results of Flexural Strength and

Vi - If/dy
Type of | Correlation Standard Coefficient Value
Steel Fiber | Coefficient Error a b
Hooked-End| 0.971981 1.110282 0.889 9.408
Crimped 0.950364 0.900185 0.944 6.211
Indented 0.960404 0.987148 0.952 8.192
Complex 0.943504 1.323067 0.863 9.081
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Fig. 7 Flexural Load-Deflection Curves of HSFRC using
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Fig. 9 Flexural Load-Deflection Curves of HSFRC using
Hooked-end Fiber
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