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Characterization of Reinforcing Efficiency in Hybrid Fiber
Reinforced Cementitous pastes
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ABSTRACT

Modulus of rupture (MOR) and flexural toughness in hybrid fiber reinforced cement pastes mixed
with micro-fiber (carbon fiber) and macro-fiber (steel fiber) and replaced with silica fume according
to the fixed ratioc were researched. Reinforcing efficiency in specimens were estimated by two
factors, such as strengthening factor (F) and toughening factor (F}), which were calculated from the
analysis of variance (ANOVA) of the response values, such as MOR and absorbtion energy (Wp).
According to the experimental design by the fractional orthogonal array, nine hybrid fibrous
reinforced paste series and one non-reinforced control paste were manufactured. Specimens of each
series were tested by the INSTRON Inc. 8502(model) equipment in three-points bending and then
measured the load-deflection response relationships. Considerable strengthening of cement pastes
resulted in‘the case of other factors without carbon fiber and toughening of cement pastes about all
factors showed high. Based on the significance of factors related to response values from ANOVA,
following assessments were available; Fs or MOR: silica fume » steel fiber > carbon fiber; F, or
Wo. steel fiber > carbon fiber > silica fume. Optimized composition condition was estimated by steel
fiber of 1.5%, carbon fiber of 0.5% and silica fume 7.5% in side of strengthening and steel fiber of
1.5%, carbon fiber of 0.75% and silica fume 7.5% in side of toughening.
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2 u)® %7} Table 2 Factors and levels

Factor Level 1 Level 2 Level 3
Al Steel fiber® 0.5% 1.0% 1.5%
B: Carbon fiber® 0.25% 0.5% 0.75%
C: Silica fume®  2.5% 5.0% 7.5%

: Volume fraction{%) of total mix volume
Replacement ratio(wt.%) of the cementilious
materials
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Table 4 Chemical and physical

properties of used materials

Components (wt.%) Cement S('J;ﬁ:
SiOz 21.10 92.0
Alz03 5.13 1.3
Fex0s 3.30 2.4
Cal 62.51 -
MgO 2.72 0.4
SO3 2.37 -
C - 1.2
Nag0s - 0.1
K20 - 1.2
Loss on ignition 1.39 -
Physical properties

Density (g/cm®) s 3.15 2.20
Specific surface area (cm®/g) 3,290 20,000
Mean particle diameter (um) 18.07 0.1
Particle shape Angular Spherical
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Table 5 Physical properties of fibers

Fiber t Geometry Specific 'It‘ensilteh M?dutl,u‘s,tof Elongation at
iber type Length Diameter Aspect ratio gravity s I\?jgg) e?éPl;By f&b
Steel fiber 12mm(aver.) 0.2mm 60 7.86 700 206 0.5
Diteh based  gmm(aver)  18um 333 1.63 590 30 2.0
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pastes
Factor
Exp. Steel Carbon Silica Ex‘p'.
0. fiber fiber Error fume condition
(vol.%) (vol.%) wt. %)
1 1(0.5) 1(0.25) 1 1(2.5)  ABIC
2 1(0.5) 2(0.9) 2 2(5.0)  ABC,
3 1(0.5) 3(0.75) 3 3(7.5)  ABJCsy
4 2(1.0) 1(0.25) 2 3(7.5) . AB\Cy
5 2(1.0) 2(0.5) 3 12.5) A:B.Cy
6 2(1.0) 3(0.75) 1 2(5.0)  AuBsC,
7 3(1.5) 1(0.25) 3 2(5.00  A3BIC,
8 3(1.5) 2(0.5) 1 3(7.5)  AsB:Cy
9 3(1.5) 3(0.75) 2 1€2.5)  AsBsCy
10 0 0 - 0 Controt

Table 7 Definition of reinforcing

efficiency

Strengthening Factor, F,

_ _MOR for the hybrid fibrous cement paste

MOR for the plain cement paste

Toughening Factor, F,
- W, by the hybrid fibrous cement paste fo fracture

W, by the plain cement paste to fracture

Table 7 ANOVA results

ANOVA result of MOR data

Factors s ¢ v 5
m® 394492 1 39449.2 88686.7
A (Steel fiber) 615 2 30.8 69.2
B (Carbon fiber) 1.2 2 0.6 14
C (Silica fume) 4817 2 2408 5414
E (Error) 09 2 0.4

Total 399945 9

ANOVA result of W, data

m°® 10614.2 1 10614.2 13992.8
A (Steel fiber) 6133 2 306.7 404.3
B (Carbon fiber) 1890 2 94.5 1246
C (Silica fume) 648 2 324 42.7
E (Error) 15 2 0.8

Total 91,4718 9

*Sum of squares; "Degree of freedom; ‘Mean
square; °F value; °Correction term

Table 9 Analysis results

Experimental ~ MOR Wo F. £
condition (MPa)  (N'm) “ !

1BiGy 31.8 9.5 1.25 5.27
A1BoCo 36.2 13.5 1.43 7.47
A1BaCs 41.9 19.5 1.65 10.84
AsBiCy 43.2 18.4 1.70  10.18
AByCy 33.3 18.1 1.31 10.04
A2B3C2 36.9 21.9 1.45 12.16
AzBCs 39.5 21.8 1.55 1210
A3BoCs 46.0 28.0 1.81 15.54
A3BsC) 35.2 27.6 1.39 15.32
Control 25.4 1.8 1.00 1.00
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Fig. 1 Load versus deflection response for Fig. 2 Effect of factors on
hybrid firbrous DSP cement pastes the reinforcing efficiency
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