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Strain—Hardening Cementitious Composites with Low Viscosity Suitable
for Grouting Application
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Abstract

This paper presents materials and processing technique to manufacture low viscous strain—hardening cementitious
composite which is suitable for structures requiring low viscosity of materials. The micromechanics and fracture
mechanics tools coupled with processing techniques were adopted to achieve low viscosity of composites as well as high
tensile strain capacity. Optimal volume and length of fibers and interfacial properties between fibers and matrix for
composites with tensile strength of 2~3MPa were determined on the basis of the micromechanical analysis and the
steady—state cracking theory. Then six mixtures were determined and the experiment was carried out to evaluate the
viscosity and uniaxial tensile performance of those. From the test results, it is verified that the strain—hardening
cementitious composite with low viscosity suitable for grouting applications in fresh state as well as high ductility over

1.5% in hardened state can be feasible.
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. Coating of Repair and .

Appli— . I Sail or rock
. prestressed | Sealing consolidation of L.
cation injection
cables masonry strucutres

Ww/C 0.35—0.42 0.5-1 0.5-1.5 1-2
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Fig. 1 Numerical procedure for calculation of fiber bridging curve
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Table 2 Micromechanical parameters used in calculating bridging
stress vs. crack opening

Materials Properties Control ‘ C1 ‘ C2
Fiber diameter (um) 39
) Fiber length (mm) 8
Fiber
Fiber elastic modulus (GPa) 40
Apparent fiber strengths+ (MPa) 1092

Chemical bond strength (J/m2) 1.08 0.54 | 1.08

Frictional bond strength (MPa) 1.31 0.65 | 1.57

Interfacex Slip—hardening coefficient 0.58
Snubbing coefficient 0.2
Fiber strength reduction factor 0.33

Matrix Elastic modulus (GPa) 20 ‘ 10 ‘ 10

* After Yang et al.(2008)
s« Apparent fiber strength (2002)
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Fig. 2 (a) Peak bridging stress and (b) complementary energy
according to fiber volume fraction
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Table 3 Properties of PVA fibers

Table 4 Properties of cementitious binder

Mix # GAl | GAZ | GA3 |GA4-1|GA4-2|GA4-3
Type 1 0.5 0.5 - -
Cement
Type III - - 0.25 0.5
Normal 0.5 0.25 | 0.25 0.25
Fly ash -
Fine - 0.25 0.5 0.25
wem® 0.5 0.5 0.5 0.5
VMA/cm * (%) 1.73 | 1.73 | 043 | 0.29 | 0.77 | 0.69
SP/cm (%) 1.50 | 1.50 | 217 | 2.17 | 2.60 | 243
Fiber volume (%) 1.3 1.3 1.3 1.3 1.3 1.6
Fiber length (mm) 8 8 8 8 12 8

Diameter | Length Asgzarfgetr;lt Elongation | Oiling agent jéijﬁs
Y (mm) (MP2) (%) content (%) GPa)
39 | 812 | 1002 6 05 10

* Water to cementitious material (cement + fly ash) ratio

® Viscosity modifying admixture to cementitious material (cement +
fly ash) ratio

¢ Superplasticizer to cementitious material (cement + fly ash) ratio

Note: All numbers are mass ratios except for fiber volume
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Table 5 Properties of cementitious binder

Mix # GAl GA2 GA3 | GA4-1|GA4-2|GA4-3

Flow time (sec.) | 4.67 3.85 3.25 3.22 4.60 4.25
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