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normal-strength concrete the fracture processes mainly take place 
the mortar, by which is meant hydrated and unhydrated binder and pores, 
and the interfacial transition zone. In a high-strength concrete, however, 

to the low water/binder ratio and perhaps of the silica 
strength of the mortar and the intetlacial zone can be sufficiently 

to involve the aggregates in the fracture processes. Since the ...,._._ . ....,,_Jl,:CLA.I. 

mortar and the trans1t10n zone increase 
water/binder ratio the involvement of the aggregates 
esses increases with decreasing water/binder Tasdemir et 

The volume fractions of the mortar, the aggregates and 
aggregates in concrete are approximately 30%, 35% and 35% 
tively, i.e. the volume fraction of the coarse aggregates is 

same as that of mortar. Since, a high-strength concrete 
coarse aggregates are involved in the fracture processes as 
rounding mortar the fracture behaviour of aggregates and 
on the fracture mechanical properties of concrete should not be .ll-""-'.l"..ll'-''-'"''"'''-" 

when designing high-strength concrete. 
This paper presents results of tests which were conducted to 

investigate the effects of the geologically crushed coarse 
gates, particle size between 8 and 16 mm, on strength, u ... u __ .__,_ .. ...,._,._, 

fracture energy of the high-strength concrete. 

2 Method 

Concrete compositions 
concrete mixes which were used in the investigation differ 

gard to the water/binder ratio, W /B ratio, the silica 
the type of the coarse aggregates. the 

ratios which were used are shown in Table 1. 

Table 1. 

Binder 
Ordina ortland cement, (OPC) 
OPC and silica fume (S), (OPCS) 
S/OPC = 0.05 

0.30 
0.30 

0.40 0.55 

The coarse aggregates are defined as the particles a 
cle size between 8 and mm. The aggregates were diabase (DB), 
grained granite (GF), medium-grained granite (GM), gneiss (GN), 

162 



quartzite (QH). The aggregates were from different 
Sweden. fine aggregates, which are defined as 

size between 0 - 8 mm, were same for all 
between coarse and the aggregates was 

fraction of the aggregates was 0.67 

concrete was 30, i.e. 5 (mortars) x 6 (coarse 

t-'AA••~AA•CJ-. fcts' fcf' and the net 
concrete were determined. Furthermore, 

elasticity, and the energy, G F' of 
The compressive strength was determined by 

100 mm edge size. splitting tensile 
...... '"''"""· ......... U.J.,,...,~ by means of cylindrical specimens, 200 mm 

mm diameter. of elasticity, i.e. 
stress limits 0.5 - f..c.c/3, was 

means cylindrical specimens. fracture energy was 
means of three-point bend tests according to the RILEM 

length, width depth were 840 
mm respectively. The net flexural strength was 

the fracture load of the which were 
flexural strength was determined by 

halves of were 

same batch. The 

notch was 
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3 results 

mechanical properties of the concrete and the rocks, coarse 
aggregates, are shown Table 2 and Figure l respectively. 
corresponds to the mean values of at least tests. 

2. Test 

W!B ratio Agg. !,, fa, i1 ff.net E,, 
MP a MP a MP a MP a GPa Nim 

DB 129 6.4 10.3 8.4 51 191 
GN 120 6.3 9.0 7.2 39 146 

0.30 GF 114 6.3 9.0 6.7 42 163 
OPC GM 121 5.9 8.0 7.3 41 164 

QS 126 6.9 9.5 7.7 41 170 
QH 124 5.9 41 147 
DB 84 5.2 8.0 6.3 44 199 
GN 86 4.6 6.1 6.1 34 144 

0.40 GF 82 5.2 7.7 5.9 37 163 
OPC GM 93 4.9 7.6 6.1 36 170 

QS 93 5.2 7.2 6.1 36 201 
QH 90 5.0 36 129 
DB 55 4.3 5.4 5.2 38 133 
GN 55 4.3 7.0 5.1 29 128 

0.55 GF 58 4.4 6.3 6.0 33 193 
OPC GM 57 4.0 7.0 5.1 32 130 

QS 57 4.8 6.4 5.3 31 152 
QH 56 3.7 32 128 
DB 126 6.3 10.5 7.8 49 161 
GN 131 6.2 10.6 7.5 40 139 

0.30 GF 121 6.8 10.8 8.8 42 192 
OPCS GM 129 6.3 10.8 7.9 42 174 

QS 135 7.1 10.2 8.3 42 160 
QH 128 6.5 42 176 
DB 104 5.8 7.8 6.6 45 161 
GN 104 5.0 7.2 6.4 33 154 

0.40 GF 102 5.5 7.9 6.8 38 144 
OPCS GM 96 5.2 7.9 6.3 37 145 

QS 104 5.9 8.1 6.9 35 154 
QH 101 5.7 38 163 
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K and a are curve fitting constants. 
cement and silica fume respectively. 
equated to 2 during curve fitting. 
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Fig. 2 The compressive strength Fig. 3 
as a function of W /B ratio 

contrast to the compressive strength 

• W/B ratio=0.30, 0% silica 
" W/B ratio=0.40, 0% silica 
... W/8 ratio=0.55, 0% silica 
a W/B ratio=0.30, 5% silica 

W/B ratio=0.40, 5% silica 

0.8 1.0 1.2 
Splitting strength of rocks, relative 

show the splitting strength of concrete is to some extent ............ "'" ............ n.,..., ..... 

by the splitting strength of aggregates, 3. 
The modulus elasticity of diabase is 

greater than the modulus elasticity 
served Table 2 the elasticity 
diabase is greater 

cretes are presented 
shows, the fracture energy ......... ...., ... ,.., ..... ..,...,.., 

two cases whereas one case it decreases. 
fracture energy assumes a ............... ,,._ ....................... ... 

the W/B ratio. Application 
,.,,.,,...., .... , ... ,,.,.. ... correlations between 

rocks the fracture energy 
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...,'"""''-U.'_,..., the fracture mechanical properties the aggregates, assum-
ing mechanical properties of the aggregates are the same as the 
rocks, other properties such as particle form, the mineralogy, and the 
roughness of the surface of the aggregates may have effects on the frac
ture energy. Perhaps these properties play an important role when con

the micro-cracking which takes place outside of the fracture 
process zone. These effects of the mentioned properties on the fracture 
energy not investigated. 

E220 E220 

z200 ~200 
>. » 
~180 ~180 
c c 
<Di60 :mo <D 
2140 2140 
() () 

ctl ctl 
U:120 U:120 

100 100 

80 --os -GN --GM 80 - Concrete without silica 

60 60 --Concrete with silica 
--GF -as -&-QH • - • Equation 2 

40+---.-~....---.~-.----.~-,----1 40-+--..-~-r---ir---.--~.---.----i 

0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 
W/B ratio 

0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 
W/B ratio 

Fig. 4 Influence the aggregate Fig. 5 influence of W IB ra-
type and W IB ratio on tio on fracture energy of 

energy of con- concrete 
crete, 0% content 

Disregarding concrete containing gneiss, fracture energy increases 
ratio silica fume is included, Table 2. For 

ratio the addition of silica fume a negative 
energy except for concrete made of quartzite 

concretes 0.3 W IB ratio the addition of silica fume has a negative 
effect on the fracture energy in 50% of cases. 

5 shows vanat10n the fracture energy 
corresponds to the mean value of 

tests irrespective of the type of aggregate. Furthermore, the figure 
shows a mathematical function, equation 2, to all results irrespec-

content silica and the type of aggregate. 

= 166. _ elO(WIB-0.75)) Nim OJo:::;w I B~055 (2) 
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5 

coarse aggregate used in this investigation 
strength of concrete. 

of the fracture mechanical nrr~na.rr 
strength of concrete 

that both splitting tensile 
by 

ratio, or assume a JLlJ.'-'.Jldl.J..U .... u .. u. 

ratio. 
brittleness and 

.............. ,., .... ,u.._..,,h strength of the concrete. 

project was ~~··A~~~··~ .... 
Technonlogy, 
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