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ABSTRACT

In the present work, modulus of rupture (MOR), flexural toughness properties (Ip and Wzo) and workability
(slump) of high performance hybrid fiber reinforced concrete (HPHFRC) mixed with micro-fiber (carbon fiber) and
macro-fiber (steel fiber), and replaced with a fine mineral admixture such as silica fume (SF) are characterized
through the analysis of variance (ANOVA). Data of MOR, Ix(or Wzo) and slump are used as the characteristic
values to estimate flexural performance and workable property of HPHFRC. Specially, an experimental design was
planned according to the fractional orthogoanl array method to reduce experimental number of times. The
experimental results show that steel fiber is a considerable significant factor in MOR and 130 (Wzo). Based on the
significance of experimental factors about each characteristic factors, the following evaluation can be used:
Experiment factors which reduce slump most remarkably are carbon fiber, steel fiber, silica fume order.; Those that
improve MOR most significantly are silica fume (= carbon fiber), steel fiber order; Those that increase flexural
toughness most distinctly are silica fume, carbon fiber, steel fiber order. It is obtained that the combination of steel
fiber 1.0%, carbon fiber 0.25% and silica fume 5.0 % is the experimental condition that improve MOR and flexural
toughness excellently with workability ensured within the experiment.
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Table 1 Experimental factors and levels

Factor Level 1 Level 2 Level 3
A: steel fiber” 0% 0.5% 1.0%
B: Carbon fiber® 0% 0.25% 0.5%
C: Silica fume® 0% 2.5% 5.0%

2yol. % of total mix volume, "wt. % of binder

Note: total fiber volume is limited by 1.5% low to avoid
fiber balling and replacement ratio of silica fume is limited
by 5.0% low lest should exceed critical bond strength( t,).

Table 2 OAy(3%) Orthogonal array for three factors
and levels

Exp. No. | Factor A | Factor B Error Factor C
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Table 3 Chemical and physical properties of used
materials (wt. %)

Components Cement BFS* SF”
Si0s 21.10 34.81 92.0
AlOs 513 16.19 1.3
FexO3 3.30 0.49 2.4
CaO 62.51 41.25 -
MgO 2.72 3.05 0.4
S03 2.37 0.16 -
C - - 1.2
NaxO3 - - 0.1
K0 - - 1.2
Loss on ignition 1.39 0.32 -
Physical properties
Density (g/cm’) 315 291 2.20
Specific surface area (cm”/g)| 3,290 5962 200,620
Mean particle diameter (um)| 18.07 8.07 0.1
Particle shape Angular|Round edges cubic|Spherical

“blast furnace slag, Psilica fume

Table 4 Physical properties of fibers

. G . . .
Fiber cometry A tSpe<:1f1c Tensile MOS}IIUS Elongation
type |Length|Diameter rzlzieoc gravity [strength elasticity at break
Steel \30mm| | 60 | 786 (700 MPa| 205GPa| 05%
fiber |{(aver.)

Carbony 6mm |10 | 333 | 163 590 MPa| 30GPa | 20%
fiber |(aver.)

e ola, £5o] 7FsatEE 20 %(wt.% of the binder)
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Table 5 Mix proportions of HPHFRC

Factor Experiment
Exp. no. |Steel fiber |Carbon fiber |Silica fume al condition
vol.%,(A) | vol%,(B) | wt.% (C)
1(control)| 0 (1) 0 Q) 0 () ABiCi
2 0 Q) 0.25(2) 2.5(2) AB:Co
3 0 Q) 0.5(3) 5.0(3) A1B3Cs
4 0.5(2) 0 Q) 5.0(3) A2Bi1Cs
5 0.5(2) 0.25(2) 0 (D AsBCy
6 0.5(2) 0.5(3) 2.5(2) ArB3Co
7 1.0(3) 0 Q) 2.5(2) AsBi1Co
8 1.0(3) 0.25(2) 5.0(3) AsBCs
9 1.0(3) 0.5(3) 0 (1) A3BsCy
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**"4 ad AskE <l
Az LEHA x4
e 17ke] PAN B2

| HlE

Factor St P | Ff
Slump
A (steel fiber) 217.7 2 108.86 17.1
B (carbon fiber)  1,858.7 2 929.36 146.1
C (silica fume) 1535 2 76.75 12.1
E (error) 12.7 2 6.36
Total 2,242.6 8
MOR
A 182 2 9.11 219
B 7.7 2 3.83 9.2
C 8.6 2 428 10.3
E 0.8 2 0.42
Total 35.3 8
Toughness index, Iz
A 2,620.0 2 1,309.98 476
B 35.4 2 17.72 0.6
C 0.3 2 0.14 0.0
E 55.1 2 27.55
Total 2,710.8 3
Absorbed energy, Wao
A 9,186.6 2 4,593.31 193.2
B 135.3 2 67.64 2.8
C 27.3 2 13.63 0.6
E 475 2 23.77
Total 9,396.7 8

*Sum of squares of i(=A,B,C and E) factor
bDegree of freedom, “Mean square
9F value: ratio of mean square (Vi/Vg)

estimation about experimental data

Experimental Slump Modulus of rupture Toughness Index (Isp) Absorbed energy(Wao)

. condition | Estimate (cm) | Decrement® (%) | Estimate (MPa) | Increment® (%) Estimate Estimate (N - mm)| Increment’ (ratio)
AB.1Cy 28.0 - 55 - 1.0 0.39 -
A1BCy 19.7 -30 6.8 24 55 2.68 6.9
ABsCs 10.9 -61 8.1 47 45 6.10 15.6
AsBiCs 26.4 -6 8.0 45 18.4 26.90 69.0
ABCy 9.6 -66 7.2 31 21.3 28.71 73.6
A2B3Co 9.8 -65 8.7 58 204 30.05 77.1
AsBiC» 26.9 -4 8.2 49 26.5 43.72 112.1
AsB2Cs 9.7 -65 94 71 29.1 49.79 127.7
A3BsCy 1.4 -95 8.8 60 285 48.95 125.5

slump (MOR) of each HPHFRC specimen — slump (MOR) of A;B,C, specimen

5 Decrement (Increment) (%)=

W, 4 of each HPHFRC specimen
W, of AB,C, specimen

¢ Increment (ratio)=

U85 Bl0IEIE dR 22 23eES & ¥ B §4

slump (MOR) of A;B,C, specimen

x100
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