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Development of Estimation of Model for Mechanical Properties

of Steel Fiber Reinforced Concrete according to
Aspect Ratio and Volume Fraction of Steel Fiber
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Abstract

Practially useful method of steel fiber for construction work is presented in this study. The most important
purpose of this study is to develop a model which can predict mechanical behavior of the structure according
to aspect ratio and volume fraction of steel fiber. Experiments on compressive strength, elastic modulus, and
splitting strength were performed with self-made cylindrical specimens of variable aspect ratios and volume
fractions. The experiment showed that compressive strength was not in direct proportion to volume fraction
which doesn't seem to have great influence over compressive strength. However, splitting strength showed
almost direct proportion to aspect ratio and volume fraction. '

Improvement of optimal efficiency was confirmed when the aspect ratio was 70. Experiments on flexural
strength, fracture energy, and characteristic length were carried out with self-manufactured beams with notch.

As a result, increases of flexural strength, fracture energy, and characteristic length according to increase
of volume fraction tend to be prominent when aspect ratio is 70. The steel fiber improves concrete to be
more ductile and tough. Moreover, regression analysis was the performed and predictable model was
developed after determining variables. With comparison and analysis of suggested estimated values and
measured data, reliance of the model was verified. '

Keywords : Steel fiber, Aspect ratio, Volume fraction of steel fiber, Regression analysis, Model

LM &

_ e N FAUEE YFBE, UTH, B 5 R E

+ AFdYR ERARTRY ns ae ont o 3wl m e
s APUstE EERF T whAly 9 72 o 9%, ¥ ¥ $AE *2
t  Corresponding author. Tel.: +82-63-850-6867 Hxl 321glo] el HXAo 3t
© Fax: +82:0505-850-6867 o _1 | F559ol Fob YA FHol g
E-mail address: kkh6720@kwang.ac.kr AGAo) A dAL /AT Yo} wE, ZAAS



2ol 44t EYEA He

A B FAE B 9% &4 23 23 AY

B7} 232 E (Steel Fiber Reinforced Concrete:
SFROE Z3E U 492 248 e
EQgozH A9 718 ¢A He 14 A5
ot} olgd A B EIEE IIYEY
ARAA 4FE sty ZIYEE AN Foln
AFAA A5Z AR Rolgtn & 4= Yrh(o]
AE, 1992) (O]@3Z, 2003). A¥E 5 d83
B4 332 344, Agn§, 4834 7Y EA
o 34‘55‘}7“ e}

2 At Fdue EYEY #EE Fo
70“* Bz iaa] E 19 H83 B4 @t B
& MIES itk 232 71&9 g 1AW
A4 BFo] opd 2 HA4 EFPE Fojo B
O A4 45 #E FAE 5 YA Ao

. osts 84 £ 24y

£ ‘d-‘r“ﬂﬂ olgd iR I 2 EYE
Hee A8E Fdto] 78 HolHE ST «,
CHdRe B8, xR EYE) 22 FA3
go8, ASE § 6712 ol A 23N

B3 (full quadratic model) & AA3te] o}z F4

o2 E@&FHH(Simon, 1999).

y=b0+b1x1+b2x2+b3x21+b4x22+b5xIX2

7 AFESL 37N (regression analysis) &
] AEsigon, i 9 98 A3
3 AP & AT AR 7P Bo] AMSH
I Qe HAE ALl (oxkE, 1992) (FA
g, 2003) (Bayramov, 2004). &

55<L/d<80
0.25% SV S1.25% w+svesrersessesssssssinnnssnenee (2)

86

Table 1 The properties of steel fiber

T Length (L), | Diameter (d), | Aspect ratio
ype mm mm (L/d)
60 0.75 80
Hook 60 0.85 70
% 60 092 6
30 0.55 55
n 4o 4
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Table 2 The details of mix concrete proportions

: 3

Tyoe G |Sump| Ar | W/C | S/a L Unit volume (kg/m’) =
(mm) | (em) | (%) | (%) | (%) Vi W C S G 3
(g/m’)

RC 25 10 2.0 361 | 457 - - 156.24 433 71124 | 98183 866
AS5V26 | 25 8 142 | 361 | 457 | 55 0.26 156.24 433 71124 | 981.83 866
ASGV75 | 25 6 145 | 361 | 457 | 55 0.75 156.24 433 71124 | 98183 866
AB5V100] 25 7 065 | 361 | 45.7 | 55 1.0 156.24 433 71124 | 98183 866
ASHGVI125| 25 7 078 | 361 | 457 | 55 1.25 156.24 433 711.24 | 98183 866
ABSV26 | 25 7 074 | 361 | 457 | 65 0.26 156.24 433 71124 | 98183 1732
A65V75 | 25 6 047 | 361 | 457 | 65 0.75 156,24 433 71124 | 98183 1732
A65V100| 25 6 079 | 361 | 457 | 65 1.0 156.24 433 71124 | 98183 1732
A65V125| 25 75 1.6 361 | 457 | 65 1.25 156.24 433 71124 | 981.83 1732
A70V26 | 25 6 148 | 361 | 457 | 70 (.26 156.24 433 71124 | 98183 2598
AT0V75 | 25 5 152 | 361 | 457 | 70 0.75 156.24 433 71124 | 981.83 2598
A70V100| 25 75 162 | 361 | 457 | 70 1.0 156.24 433 71124 | 98183 2598
A7T0V125| 25 6 145 | 361 | 457 | 70 1.25 156.24 433 71124 | 98183 2598
A80V26 | 25 8 079 ) 392 | 457 | 80 0.26 169.93 433 70365 | 946.15 2165
AB0V75 | 25 8 079 | 392 | 457 | 80 0.75 169.93 433 703.65 | 946.15 2165
A80V100] 25 8.1 046 | 392 | 457 | &0 1.0 169.93 433 70365 | 94615 2165
AB0V125| 25 9 046 | 392 | 457 | 80 1.25 169.93 433 703.65 04615 2165

F - L/d: Aspect Ratio,

V 4 Fraction volume of fiber
SP: Superplasticizer agent, Specimen: A55V26 - Aspect ratio 55, Fraction volume 0.26%

Table 3 The details of mix concrete proportions

Test type |Specimen| Dimensions Parameters
Compressive
. . strength( £ )
0 i
Compression | Cylinder 150%301 Modulus of
elasticity (E)
s . Splitting tensile
Splitting Cylinder 150x300 strength( £ )
Fracture
Three-point Beam 220x300%360 |energy(Gr)
bending a=40 Flexural
strength( £ 4,)
2408)& AAJgte] SFRCY ¥H8Hd EAE EA3)

Rt

Fig. 2 Test of flexural strength

Journal of the Korean Society of Agricultural Engineers, 48 (3), 2006. 5

87



el Baus Y wE FHH B S3E B 48y B4 4 2y AL

rs
&
i

V. &% 24 o 2F

&
2

5 29 A8AY SELE, U AY 73
75 2402 vEhd Table 49 Zth.

IS
3
n

&
n

I URZE AR 2

Compressive strength (MPa)
g g

02 04 0.6 08 10 12 14

%-—7’:83 307_}\]%"9] ?J-%%-E ﬂﬁ‘]@ﬂ]’ Flg 3 i} Fiber volume fraction (Vf, %)
22 AHE A9k SFRCY &=L 244 Fig. 3 Compressive strength versus v,and L/d
Vel dtuts U5 93 vt )

A%l FRSAL B 659 AL, P
UE Sl wet dEAEE HAHY UL ’r%

Bglow, o 25 MPa AE 7HaHgick

Fig. 4ol @49AF 484345 UYehigith &4
A% A ARG Bulg 9ol me g3u
the E4E0] S71el w2t @4AF7E nlAstA
Hee 88 4 Jgith o

155

15.0 4

145

Elastic modulus (GPa)

13.5 4

0.2 04 0.6 08 il 12 14
Fiber volume fraction (Vf, %)
Fig. 4 Elastic modulus versus v and L/d

Table 4 Strength and fracture properties of concrete tested

Type Compressive | Elastic modulus Splitting Flexural Fracture energy | Characteristic

strength (MPa) (GPa) strength (MPa) | Strength (MPa) (N/m) length (mm)
RC 418 14,6 4173 5.65 72 169
AB5V26 |~ 408 143 4017 545 1326 11751
AB5VT75 412 147 4218 6.28 1468 12129
A55V100 419 14.9 4,266 6.59 1579 1292.7
AS5V125 426 15.2 4345 712 1668 1342.9
AB5V26 407 13.8 4126 5.89 1419 1150.2
AB5V75 41 145 4.322 6.24 1628 1263.7
AB5V100 418 147 4418 6.78 1785 1344.3
A65V125 432 148 4.490 7.98 2345 17215
A70V26 412 146 4418 6.08 1865 1395.0
AT0VT75 414 14.8 5.016 6.66 2018 1187.0
A70V100 42 149 5458 6.89 2198 1099.4
A70V125 423 153 5.662 735 2645 1262.3
A80V26 408 13.6 4.395 6.25 2010 14151
A80V75 421 138 4418 6.69 2849 2014.2
A80V100 429 14.1 4520 712 2978 20552
AB0V125 433 14.3 4533 8.19 2898 2016.8
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> Compressive Strength (MPa)
= 43.41279 - 0.12129(L/d) + 0.47591V; +
0.00115(L/d)? + 1.272918V¢ -
0.00321 (L/d) V¢
> Elastic Modulus (MPa)
= 5.967903 + 0.260839(L/d) + 1.236489V;
~0.00208 (L/d)% + 0.160827V{ —
0.00964 (L/d) V¢
> Splitting Strength (MPa)
= 12.19502 — 0.088332(L/d) + 10.3234V;
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Table 5 Model fitting results for each response

-, Coefficients

E€SPONses

i by by by by by bs
Compressive 4341279 -0.12129 047591 0.00115 1272918 -0.00321
strength (fu)

Tensile 1219502 | 088332 | -10323 | -0.00165 134878 | 1198999
strength ()

Blastic 5967903 | 0260839 | 1236489 | -0.00208 | 0160827 | -0.00964
modulus (E)

Flexural 3517941 | 0046532 | 059719 | 000015 | 1484105 | 0001117
strength (frex)

Fracture 2766.743 -68.3137 -1059.49 0.7275 184.2744 22.34926
energy (Gr)

Characteristic 8240199 | -223792 | -7536%9 175125 | 1335089 | 1247377
length (ls)

= 0.000165(L/d)* + 1.34878V{ +
0.119899(L/d) Vi
> Flexural Strength (MPa)
= 3.517941 + 0.046532(L/d) — 0.59719V;
- 0.00015(L/d)% + 1.484105V{ +
0.001117(L/d) Vi

Compressive strength (MPa)
12 '»4 I —~~;~.\__N“_:’m_\

Fiber volume fraction (Vf,%)

> FraCtLlre Energy (N/m) o8l T “0\ . - ‘\.‘u.\\\ \ .
= 2766.743 ~ 68.3137(L/d) — 1069.49V; + o
0.7275(L/D)? + 184.2744V¢ + - RN

22.37926/(L/d) V; |

» Characteristic Length (mm) '

= 8240.199 - 223.792(L/d) - 753.699V; +
1.75125(L/d)? + 133.5989V¢ +

Fiber aspect ratio (L/d)
Fig. 9 Estimated compressive strength versus
L/id

12.47377 L/ Vs Elastic modulus (MPa)
e / //'
A9 FFEg olfdld EEFHoE JEud P~ — e

Fig. 9~Fig. 148} Zt}

Fiber volume fraction (Vf,%)

I 28 25
gARHoz 7& By NHE BF) 9 Ty
3ol A3 diolg #ze] 2Ae-g vlw, FA. S S
N ~ N ~ Fiber aspect ratio (L/d)
PSFEY FHRFH 5 dold ¢ vl Fig. 10 Estimated elastic modulus versus v and L/d
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+ 0.00115(L/d)> + 1.272918V¢3 —
0.00321 (L/d) V¢
> Elastic Modulus (MPa)
= 5.967903 + 0.260839(L/d) +
1.236489V; — .00208(L/d)? + 0.160827V/?
- 0.00964 (L/d) V;
> Splitting Strength (MPa)
= 1219502 - 0.088332(L/d) — 10.3234V;
— 0.000165(L/d)2 + 1.34878V¢ +
0.119899(L/d) V¢
> Flexural Strength (MPa)
= 3517941 + 0.046532(L/d) ~ 0.59719V;
- 0.00015(L/d)? + 1.484105V{ +
0.001117(L/d) Vy
> Fracture Energy (N/m)
= 2766.743 - 68.3137(L/d) — 1059.49V;
+ 0.7275(L/d)? + 184.2744VF +
22.37926(L/d) V¢
> Characteristic Length (mm)
= 8240.199 — 223.792(L/d) — 753.699V; +
1.75125(L/d)? + 133.5989V¢ +
12.47377(L/D) Vi
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