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Abstract 
An extensive testing program using three-point bend specimens has been 
conducted to ascertain the influence on fracture mechanics parameters of the 
concrete mix variables: aggregate-matrix bond and strength, cementitious 
bindings, and gradation of fines. Specifically, the variables were: crushed 
limestone, crushed and polished limestone, quartzite, river gravel, expanded 
shale, normal graded sand, gap graded sand, W IC ratio, fly ash and silica 

These were organized into twenty-four groups of tests involving 352 
beams. Testing was conducted using notched beams according to proposals 
by RILEM -- GF (Hillerborg), Ks1c, Ee (Gs1c), CTODc (Jenq and Shah) and by 
Karihaloo/Nallathambi. Precracked beams in which dye was inserted to 
reveal the crack front prior to testing to failure were also used to evaluate 
same parameters. 
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influence of a wide spectrum of mix 
mCJA•.f"'ll'V:lfl1 l-.C" properties of concrete as defined by the 

......... ..,.., ...... ,._, ....... the RILEM (1990) two-parameter 
ma....-nnr'l ofKarihaloo and Nallathambi 991). 

were notched and then loaded to failure-

formation of a process zone while 
be reflected the measured load 

tests were conducted using a closed loop 

bending in an inverted pos1t10n. 
cnl•'.H">CJA·ma.in't measurements CMOD and load point (LPD) and due 

to avoiding measurement of spurious deformations -
991) Kan (1993). The beam dimensions were 

(254 thickness t = 5 27 mm) and span S = 40 in. 
tests were organized in groups according to the type of 

o-o-1·a.o-<:>t-;:::i. used in as shown in Table 1. mixes had a maximum 
coarse aggregate size between 13 19 mm . 

...,..., ........... "..., were cast steel molds along with companion 3 in. x 6 in. (7 5 
cylinders. After curing one day, the specimens were demolded 

a fog room for 84 days. They were then removed and placed 
•J>•r-n.-.,>n environment for 7 days and tested on the 92nd day. On the test 

............... , .. "" ... ..., and companion cylinders were tested. The cylinder tests 
... ,L .. ...,JL .......... ..., ..... 11

"
1
-:lV

1
<:1

1 compression (fc' and stress-strain) and split-cylinder tension. 
tests were conducted using strain control on the crack mouth opening 

rl1cnl".ll,-..o?nt::u'\'t and load-displacement plots were obtained . 
..... .....,,,,..., ........ , ...... beams notch/ depth = 1 /3 and the precracked beams had 

0. 
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Table 1. Testing program 

.64 N 

.64 G 
NC Crushed .30 N 

Limestone .30 G 
.30 N 
.40 N 

Crushed & .64 N 
NP Polished .30 N 

Limestone .64 G 
.30 G 

.64 N 
HC Crushed .30 N 

Quartzite .30 N FA 
.40 N SF 

.64 N 
RG River .30 N 

Gravel .30 N 
.40 N 

.64 N 
L~htweight .30 N 

LS x~anded .64 G 
hale .30 G 

.30 N 

.40 N 

N = normal 3raded sand, 
G = gap gra ed sand, grain size < 1.2 mm. 

3 results 

Average values fracture parameters GF and Ks1c are given 2 
..,...., .... , .. JL • ..., using only Portland It is seen in all cases 
beams had higher values companion precracked beams. 
differences are generally smaller the weaker aggregate (e.g., 
expanded shale) versus stronger aggregate (e.g., NC - crushed ............. ..., .. n,•VJL.ll.., 

constant W/C - and approximately equal(' - the GF values for .ll.Jl'LJ._ ....... j • ..., ...... 

beams change by 40% for W/C = 0.30 and 46% for W/C = 0.64 
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Fig. l: Fracture toughness versus W IC 2: Fracture energy/versus W/C 

Changes in fracture toughness to 

mixes without and with fly ash are shown in Figs. 3 

results from the Jenq and Shah (J/S) method are presented 
Karihaloo and Nallathambi (KIN) method. A significant 
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with type of aggregate is evident - even when the compressive 
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Fig. 3. Fracture toughness of concrete 
with W/C = 0.30 
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Fig. 4. Fracture toughness of concrete 
including fly ash at W /C=0.30 
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Fig. 6. Fracture energy GF and energy release 
rate Gs1c of concrete with W/C 0.30 

same. The proposed formula by John Shah (1989) relating ic 

to (' is plotted. The trends seem to follow this rather well. The effect 
lower the compressive strength without changing K8

1c. The -e-r,.,., ... ",''"""' 

..... ,..., ... , ........ ,.,.,,..., values terms normal graded sand and gap graded sand are 
Fig. 5. It is seen that the sand gradations had little effect on 
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Fig. 7. Fracture energy GF and energy release Fig. 8. Fracture energy GF and energy release 
rate G\c of concrete including fly ash rate Gs1c of concrete including silica 
at W/C = 0.30. fume at W/C = 0.40. 
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Results 
6 

.............. ...,,, .. ,,. .,..,.~""'..-'"'' GF and release G8
1
c, are presented 

Cement only), Fig. 7 (Portland Cement plus fly ash) and 
8 (Portland Cement plus silica fume). For the mixes using only 

Cement it is seen the energy values are always higher 
"-'.l"'-'a;:,""' rate except the expanded shale where are 

U..U..lJlV.,.._ the same. For this the crack surface was fairly smooth. 
of the process zone was also smaller effect of 

(Fig. 8) is to reduce differences between G8
1c· 

4 Lonclus1~ons 

were 

1 . general, results for toughness energy parameters by 
.,,...,

0
·t-

111 '""·r11" were lower for precracked beams the beams 
were greater for with fracture surfaces, eg. 

river gravel and minimized for beams with smoother fracture surfaces, eg. 
expanded shale. 

W/C is a wide of values K8
1c (G8

1c) GF 
aggregates. 

3. G8
1c values approached GF values for mixes where the strengths 

were closer to or higher than the aggregate strengths when good bonding 
was available, eg. low W IC with crushed limestone or low and 
high W/C with expanded shale. 
The of fly ash to concrete decreased the concrete 
tending to increase fracture toughness (K8

1c). 
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