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Fracture Mechanics Properties of Concrete under Compressive Stress
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Abstract - Since concrete is usually used under a compressive stress predominant state, emphasising in

the fracture strengths under compression, we have carried out studies on fracture mechanics properties such

as uniaxial compressive strength, diametral compressive strength and mode I and II fracture toughnesses

of concrete of two kinds of water/cement ratio and four sizes of aggregate. Then a new fracture criterion
under multiaxial stresses of tension and compression is derived from the fracture mechanics approach.

During these fracture strength tests, acoustic emissions (AE) from these specimens are recorded at different
stress levels up to the final fractures. The signals of AE were corresponded to the cracking initiations and

were used for a verification of the fracture criterion.
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Fig. 1 Measuring method for disk specimens.
2R=150mm, t =80mm
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Table 1 Mean mechanical properties of concrete.
WA 0.25 0.60
Maximum grain size 2505 |10 | 25]25] 5 |10] 25
Gmax (mm)
Apparent density
v (gemd ) 230|231 2.39| 241 { 215 | 2.10] 2.27| 2.26
Young’s modulus
E (GPa) 322327 1369 | 37.1 ] 21.6 | 22.0{ 27.0| 27.3

c . hm oc 73.4 | 811 | 83.0{65.3 323 | 32.1| 31.0{ 25.4
ompressive streng n 3 3 3 3 3 3 3 3

Ic (MPa) sd |7.926] 2.573) 1.728] 0.858) 2.302| 1.013/ 0.893] 1.009
we|5.74 | 7.22] 6.06] 5.10] 3.22| 3.30 | 3.44 | 2.61

. O
Diametral compressive 4 4 4 4 3 4 3 3

n
sength o MPD) 4 |0.455) 0.100] 0.154]0.284] 0.411] 0.068] 0.167] 0.254
Mode 1 fracture Kic }0.849/0.891/0.880]0.821}0.376| 0.496| 0.468| 0.441
toughness n 4 4 3 3 4 3 3 4
Kic (MPa - m¥ ) Sd ]0.069{0.025/0.032/0.045]0.019|0.036{0.030| 0.011
Mode 11 fracture Kne {1.22 | 1.29 | 1.37 | 1.30 |0.759|0.742/0.783| 0.767'
toughness n 3 3 3 3 3 3 3 3
Kge (MPa - m* ) Sd_10.069/0.077}0.131{0.134]0.019{0.042{0.032| 0.018
R“"; of fracture toughness || (1|1 4s | 1561 1.58] 2.02] 1.49] 1.67] 1.7
xc/Kic
¢ : Water reducting agent is used 1.5 and 0.6 % for WAC=0.25 and 0.60, respectively.
n : Number of specimen Sd : Standard deviation
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Fig. 2 Relations between compressive strength o

and diametral compressive strength oy, and
ratio of water and cement W/C.
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Fig. 3 Relations between compressive strength oc
and diametral compressive strength oy, and
maximum grain size Gpax.
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Fig. 4 Relations between mode I and mode II
fracture toughnesses K,¢,Kuc and ratio of
water and cement W/C.
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Fig. 5 Relations between mode I and mode II
fracture toughnesses K¢, K¢ and maximum
grain size Gpax.
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Fig. 6 Acoustic emission responses of concrete in the
compressive strength testing.
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Fig. 7 Acoustic emission responses of concrete in the
diametral compressive strength testing.
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Fig. 8 Acoustic emission responses of concrete in the
mode I fracture toughness testing.
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Fig. 9 Acoustic emission responses of concrete in the
mode II fracture toughness testing.
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Fig. 10 Fracture criteria of concrete under
multiaxial stresses.
(tention-compression)
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Percentages of load for fracture values
corresponding to inflection points of AE
and deduced points of fracture initiation of
concrete under compression.

Table 2

w/C 0.25 0.60

Gaax_(mD) 2.5 5 10 25 j 2.5 5 10 25
Deduced Points

G oG e 22 26 23 25 |40 31 36 36
Inflection points _
oF ARCHIORBOINIS) 20 33 — 25 | 31 26 29

Data indicate all in (%) for the fracture values.
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