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Table 4 Mix Proportions of Cement Paste and Mortar Matrices Used for the Pull-out Test

¥/C Silica Fume Carbon Fiber Dosage of Matrix

Replacement Content Superplasticizer
(%) (%) (%) (wt% Cement)
55 Q 0 0 paste
35 ] ¢ 0 paste
25 0 0 2.4 paste
55 10 [1] 0.% paste
55 20 0 0.6 paste
55 0 0 0 mortar({Toyoura Sandg
§5 10 0 0.8 mortar{Toyoura Sand
55 0 0 0 mortar{River Sand;
5% 10 0 0.6 mortar(River Sand
55 0 0.5 0.8 mor!arERiver Sandg
55 10 0.5 0.8 mortar{River Sand

Table 5 Mix Proportions of Steel Fiber Reinforced Mortars

w/C Cement : Silica : Sand Dosage of Superplasticizer Vi{%)

(%) Fume (wt% Cement) Steel Fiber Carbon Fiber

55 1 0 1.8 0 0 0

55 0.9 : 0.1 = 1.3 0.6 0 0

55 1 0 15 0.8 0 8.5

55 6.9 : 0.1 1.5 0.8 I 0.5

55 1 0 1.8 0 1.0 0

55 0.9 : 0.1 1.5 0.6 1.0 0

55 1 F ) 1.8 0.8 1.0 0.5

55 0.9 : 0.1 : L.§ 0.8 1.0 0.5

Table 1 Physical Properties of Silica Fume BXiR30mm THy, REEXIE5 10510 15mm
Seecific Bulk Depsity Specific Surface Particle EEbsEk, MO MU BBLU B HICBWVWT Fig. 21
ravity g/cem’® rea {n’/g ize _ N § i
o ) = o103 TR 2805 | 2k xR BRI L - THE—Z

Table 2 Chemical Composition of Silica Fume (%)

Si0z  Fe:0; Al:0s Ca0 Mg0 C Na.0 K,
87.44 6.94 0.30 0.20 0.41 1.11 0.19 1.00C

Table 3 Physical Properties of Carbon Fiber

Specific Number of Diameter of Tensile Young s

Gravity Filaments Filament Strength Modulus
per Strand (za) (GPa) (GPa)

1. 80 4000 17 1.8 180
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Photo 6 Interaction of an inclined fiber with a crack :
Yielding of parts of the matrix due to the
local compression
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Fig. 10 Fracture toughness for the interfacial zone
between a steel fiber and mortar matrix reinforced
by carbon fibers
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Table 7 Mechanical Properties of Several Matrices

Type of Strength{ MPa) Fracture
Ten Flex. ¢C

Matrix s. omp. Energy (§/m)
Control 2.87 1.72 36.2 77. 47

10% Silica 3588  7.03  49.7 71.59

Fume

0.5% Carbon 2.68 6.23 36.6 169. 7

Fiber

Carbon fiber/ 4.84 7.47 47. 8 188.3

Silica Fume
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Fig. 11 Load-deflection curves of steel fiber reinforced
mortars
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FRACTURE PROCESS OF THE INTERFACIAL ZONE BETWEEN A
STEEL FIBER AND CEMENTITIOUS MATRIX IN RELATION TO

THE TOUGHNESS OF STEEL FIBER REINFORCED MORTARS

Shin-ichi IGARASHI and Mitsunori KAWAMURA

The fracture toughness for the interfacial zone between a steel fiber and
cementitious matrix was experimentally obtained by applying a compliance
method to the single fiber pull-out test. Effects of the addition of silica
fume and sand grains, and water : cement ratio on the fracture toughness
were discussed relating them to characteristics of the fracture process
revealed by the fluorescence microscope. Interfacial fractures under the pull-
out loading were not a simple shear failure along the .real interface. Local
failures of the extended regions around a steel fiber were accompanied in
the fracture process. The decrease in fracture toughness due to the addition
of silica fume can be related to less microcracking in the interfacial zone
and less tortuous extension of the interfacial cracks. In order to increase the
fracture toughness for the interfacial zone, a small amount of carbon fiber
was incorporated into the matrix. The agldition of short carbon fibers was
effective to improve the fracture toughness and the frictional stress in the
interfacial zone. Steel fiber reinforced mortar with the matrix containing
silica fume and short carbon fibers exhibited greater M. O. R. and toughness.




