
Wittmann, 
(1995) 

concrete is a 
a 
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a non
Since 

""''""'""'"""-'"link, 
is significantly by the 
the fracture of concrete is very 

1991, Sarkar 
development of 

...,_L_L.._,....,.~..., on concrete properties; 
properties of concrete 

mechanics approaches 
Ta~demir et al. 1995). 

concrete, because of its ~~~-L~~·· 

changes in fresh concrete. It also 
properties and .......... ~ .. ,_L_LL 

new CEB-FIP Model Code 1990 LLL'-'·"'"''-''"'"''-' 

concrete class, which implies 
MPa (Walraven 199 

has changed this situation, in some 
strength of MPa is now 

et al. 1993). 
study of aggregate-matrix ,_ ... v~ .... L ...... ~._,...., 

fracture and microstructure 
to some useful 

measurements are 
HS Cs 

mortar 

investigate, influence of silica fume 
size on brittleness of HSCs subjected 

investigations were supported with microstructural 
... ,,,.u .... , LJU.~•LL interfacial zone corresponding specimens 

and Energy Dispensive 
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As shown Table 1, four different 
(or water/cement+silica fume) 
cement 45) and natural sand. sizes 
were chosen either 4-8mm or study. For 
aggregate size, two different one and one 
fume were cast. silica fume content was chosen as 
weight of the cement. The ratio was kept at 
four concretes and a sodium sulfonate superplasticizer 
was used in all mixes. 
same nominal spread (43 cm 
without and with silica fume were 
number following NC and SC shows 
mix proportions and properties of 
The specimens were saturated water, 
afterwards, stored a room maintained at 20±2°C 
humidity the tests, that is 72 days 

Mix Code NC8 SC8 

Cement, C (kg/m3
) 372 

Silica fume, SF(kg/m3
) 0 38 

Sand (kg/m3
) 0-1 mm 370 374 

0-2 mm 370 374 

Coarse aggregate 4-8 mm 1109 1122 
(kg/m3

) 
8-16 mm -

Superplasticizer (kg/m3
) 16.4 

Water, W (kg/m~) 122 123 

w I (C+SF) 0.30 0.30 

/C 0 0.10 

content 2.0 1.0 

Spread ( l) 43 45 

Density of Fresh Concrete (kg/m') 2392 2419 
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NC16 SC16 

408 373 

0 38 

373 375 

373 375 

- -

1117 1125 

13.2 13.3 

123 123 

0.30 0.30 

0 0.10 

.6 .0 

48 

2407 2422 



surface is 

1, stress-
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SC8 

101.9 

80.0 
MP a 

Splitting tensile 4.44 

42.7 47.3 

Fracture energy ( G), N /m 70 

Tensile strength , MPa 4.00 

Characteristic ,mm. 198 264 

Total deformation at failure, mm. 0.154 0.155 0.240 0.180 

4 

As shown in Table there is significant effect of silica replacement 
on compressive strength values. In concretes with silica the increase 

compressive strength is 30% than that of non-silica fume ones. 
mechanical test results are evaluated below by combining 

microstructural investigations at aggregate-matrix interfaces. 

The shape curve 
concretes without silica fume, the stress approximately 

85 % of the tensile strength, the curves deviates from linearity; this is 
pre-peak nonlinearity. At this stage, damage starts to increase at 
interfaces due to heterogeneity of the concrete. At peak stress, 
microcracks begin to localize to a discrete macroscopic crack. 
concrete NC16, as shown Fig.1, softening response has a longer 

that of NC8, due to the aggregate size. It can concluded that 
amount of crack bridging is determined by the size of the 
aggregates and a longer tail is an indication of 
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energy 

mcreases 

4 

3 

to 

are nlore 

dependent on the maximum aggregate 

size increases. However the effect of silica 

and l ch is not significant. Reason is that 

of concretes with silica fume are greater than 
ones, their descending branches are steeper and 

the replacement of silica fume affects 
the increase in the fracture energy is not 

concretes become more brittle. 

D~ 
20 60 20 -

~ 
deformation 

120 160 200 240 

stress-detormation curves obtained from 
...... -.1 ...... "'lv representation of GF and the sizes of test 

shown the inset. 

fume, the ascending branch is almost linear up 
95 % of peak stress. After the peak point, stress 

increasing deformation. Concretes with silica fume 
"'""......,.n,..,'"'·'-4...,. and the difference between interface and mortar 

strengths decreases. conclusions were made by Ta§demir et al. 
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paste-aggregate concretes 

Fig.3. SEM paste-aggregate interface concretes 
with silica 
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5 Conclusions 

the light of mechanical tests, examinations of the fracture surfaces 
the microstructural studies of the aggregate-matrix interfaces, the following 
conclusions can drawn: 

1. In concrete without silica fume, with 16mm size 
aggregate the descending branch of the load-deformation curves 
decreases more slowly and a longer tail is observed. However, 
concrete with silica fume, a steeper gradient of softening branch 
with a shorter tail is observed. 

2. In concrete without silica fume, fracture energy strongly depends 
on the maximum size of aggregate, it increases as aggregate size 
increases. However, the characteristic length slightly increases with 
aggregate size. In concretes with silica fume, the fracture energy is 
slightly higher that of non-silica fume ones due to their high tensile 
strength values, however, the characteristic length slightly decreases 
to their brittleness. 

3. Based on the fracture tests and microscopic studies at the aggregate 
matrix interface, it can be concluded that concretes which contain 
silica fume, the cracks usually travel through the aggregates, 
interfacial zone for these concretes becomes stronger and more 
homogeneous, and the fracture is trans-granular However, 
concretes without silica fume, cracks usually develop around 
coarse aggregate resulting in an inter-granular type fracture. 
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