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ABSTRACT

Recently, the parameters, models, and experimentations, which evaluate the fracture properties of concrete, have
been proposed by many researchers, and their developments allow us to analyze the non-linear and quasi-brittle

fracture mechanisms.

In this paper, a brief treatment of the fracture parameters was presented and the experiments of 3-point bending
tests were conducted to compare J-integral(Ji.) with other parameters(Ki, Gi, and Gr). The change of parameter
values according to the width and notch length of concrete beam specimens was also considered. The
load-displacement curves are used to experimentally measure concrete fracture toughness. From the results of
experiment, it is noted that the value of Gr and Jic decreases as the notch depth increases and Gr is less sensitive
than Jr. Therefore, the former is more appropriate to use as the concrete fracture toughness parameter. The values of
Gr and Ji increase when the width of concrete specimens increase from 75 mm to 150 mm. Therefore, the effects of
specimen width need to be considered in determining the concrete fracture toughness.
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Table 1 Physical properties of cement

Setting time | Compressive strength
(min) (kgf/cxt)

Ini. | Fin. 3d 7d 28d
315 3,140 225 | 440 | 210 280 | 376

Specific | Fineness
gravity | (cn/g)

Table 2 Physical properties of Aggregates

Specific| Gmax |Unit weight| Absorption
Class gravity | (mm) (kg/m’) (%) EM.
Fine | 958 | 5 1564 105|291
aggregate
Coarse
aggregate 2.66 25 1569 09 6.49

Table 3 Mix proportion of concrete

Gmax | Slump| Air jW/C|S/A Unit weight(kg/m’)
{mm) | (em) ((B)| (W) (%) C | S| G |W]|AD
25 | 9%£2 | 4 | 55 | 43 [327]750/1025/180 | 1.64
*AD : Lignosulphonate based AE water reducer, normal

Table 4 Shape, size and notation of specimens

a
8 3
Shape n
& NTG = y
. S=400 Y
Size } N
L=550
a . Notch length B : Width
A-O0 - OO0
. I—» Specimen number (01,02,03)
Notation Notch length (00,25,50,75)
Specimen width (A=150,B=112.5,C=75)
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(a) Test set-up

Notch
— -]

Bottom of cMi
specimen =
o
® a
S
VT1 VT2 VT3 %)

CM2

{b) Location of measurement

Fig 1 Test set-up

Table 5 The property value of compressive specimens

Specimen | C.S. (kef/cr) | T.S. (kef/cr) E (kgt/cr)
A 293 254 2.59%10°
B 285 24.4 251X 10°
C 301 24.1 2.55% 10°

C.S. . Compressive strength, T.S. : Tensile strength

Measured Measured Calculated

e el oy
[ RSN

UrmotchedU Deflection due to
beam deflection presence of crack

Total deﬂectlon

Fig 2 Experimental Decision of Ji(by Rice & Paris)
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Table 6 Fracture properties of notched beam specimens
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Specimen | alem) | B(em) | (@/W) | Y |E(R) | Ly&N) | 8 o(mm) | 6 saP) | 0 (M) | KieMm"?) | Gre(N/m) | GeN/m) | Jie(N/m)
A-00-01| 0O |[1500] 0.00 | 1.00 | 254 | 2440 | 0.026 434 4.34 - - - -
A-00-02| O 1500 000 | 1.00 | 254 | 21.29 | 0.050 3.79 3.79 - - - -
A-00-031 0 [1500) 0.00 [ 1.00 | 254 -~ - - - - - - -
A-25-011 25 |1500) 017 | 091 | 254 | 12.76 | 0.058 3.27 2.27 0577 13.10 182 80.5
A-25-021 25 {1500] 017 | 091 | 254 | 11.13 | 0.052 2.85 1.98 0.503 997 178 74.0
A-25-03 | 25 1500 017 | 091 | 254 | 11.18 | 0.050 2.86 1.99 0.506 10.07 175 71.8
A-50-01 5 |1500] 033 | 098 | 254 | 1033 | 0.044 413 1.84 0.714 20.09 162 67.2
A-50-02] 5 [1500| 033 | 098 | 254 | 9.36 0.046 3.75 1.66 0.648 16.52 157 46.9
A-50-03] 5 [15.00}f 033 | 098 | 254 | 888 | 0.042 3.55 158 0.614 14.87 156 44.3
A-75-011 75 (1500} 050 | 1.30 | 254 | 494 | 0.046 3.51 0.88 0.552 12.00 118 30.6
A-75-021 75 1500 050 | 1.30 | 254 | 571 0.058 4.06 1.01 0.638 16.03 146 57.2
A-75-03 ] 75 1500 050 | 130 | 254 | 536 0.068 3.81 0.95 0.599 14.11 133 55.6
B-00-01 0 1125 000 | 1.00 | 246 | 2091 | 0.038 4.96 496 - - - -
B-00-02( 0 [11.25] 0.00 | 1.00 | 246 | 1947 | 0.040 4,61 461 - - - -
B-00-03 0 1125] 0.00 | 1.00 | 246 | 19.31 | 0.020 4.58 458 - - - -
B-25-011 25 |1125| 017 | 091 | 246 | 1039 | 0.027 3.55 2.46 0.626 1595 156 58.3
-25-02 | 25 |11.25] 017 | 091 | 246 | 1039 | 0.022 3.55 2.46 0.627 15.96 161 56.5
B-25-03 | 25 [11.25] 017 | 091 | 246 | 11.48 | 0.048 3.92 2.72 0.692 19.48 184 736
B-50-01 5 11125]| 033 | 098 | 246 | 741 0.026 3.95 1.76 0.683 18.98 135 59.7
B-50-02 5 11251 033 | 098 | 246 | 744 0.046 3.97 1.76 0.686 19.14 154 50.8
B-50-03 5 11251 033 | 098 | 246 | 853 0.018 4,55 2.02 0.787 25.16 151 52.2
B-75-01) 75 |11.25! 050 | 130 | 246 | 552 | 0.046 5.23 1.31 0.822 21.47 139 330
B-75-021 75 11125] 050 | 1.30 | 246 | 5.00 0.032 474 1.19 0.746 22.60 120 55.1
B-75-03 | 75 [1125] 050 | 130 | 246 | 519 | 0.058 493 1.23 0.774 24.37 136 43.0
C-00-01 0 750 1 000 | 1.00 } 250 | 11.16 | 0032 3.97 3.97 - - - -
C-00-02| 0 750 1 000 | 1.00 | 250 | 1244 | 0.036 4.42 442 - - - -
C-00-03 0 750 | 0.00 { 1.00 { 25.0 | 11.22 { 0.032 3.99 3.99 - - - -
C-25-011 25 | 750 ] 017 | 091 | 250 | 744 | 0.040 3.81 2.65 0.673 1811 145 53.3
C-25-02y 25 | 750 { 017 | 091 | 250 { 936 0.048 479 3.33 0.847 28.69 163 65.5
C-25-03| 25 | 750 | 017 | 091 | 250 | 7.79 0.034 3.99 2.77 0.705 19.87 149 42.8
C-50-01 5 750 1 033 | 098 | 250 | 481 0.034 3.85 1.71 0.666 17.72 137 53.2
C-50-02 5 750 1 033 |1 098 | 250 | 491 0.024 3.93 1.74 0.679 18.43 130 478
C-50-03 5 750 { 033 | 098 | 250 | 5.19 0.024 4.16 1.85 0.719 20.66 149 65.0
C-75-01| 75 | 750 | 050 | 1.30 | 25.0 | 355 0.046 5.05 1.26 0.79% 25.25 117 35.1
C-75-021 75 | 750 | 050 | 1.30 | 25.0 | 3.62 | 0.040 5.15 1.29 0.810 26.25 106 279
C-75-03{ 75 | 750 | 050 [ 1.30 | 250 | 359 | 0.060 5.11 1.28 0.803 25.79 122 27.1
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Fig. 3 Load-deflection curve at the center of beam
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Fig. 4 Load-CMOD curve at the center of beam
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Fig. 7 The relationship of Gr and relative notch length
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