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ABSTRACT

It is difficult to obtain accurate fracture toughness values using three point bending test(TPB) proposed by RILEM
committees because the shape of load-deflection curve is irregular and final crack propagation occurs after some slow
stable cracking. However, fracture toughness is easily obtained from crack initiation load in the disk test.

In this paper, the fracture properties of high strength concrete disks with center-crack was investigated. For this
purpose, the experimental results were compared with the results by finite element analysis(FEA). And the
experimental fracture locus was compared with theoretical fracture locus. Also, the results of fracture properties for

the degree of concrete strength are presented.

It is concluded from this study that results from FEA with maximum stress theory were compared well with the
results from experiment. And the degree of concrete strength was contributed to the crack initiation load and fracture
toughness, but was not contributed to the failure angle. Also, The discrepancy of fracture locus between the
maximum stress theory and the experiment for concrete is considered to depend upon a large energy requirement for

inducing the mixed-mode and sliding mode fractures.
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Fig. 2 Fracture locus for maximum principal stress
criterion
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Fig. 3 Geometry of disk
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Fig. 4 Loading angle vs Nj
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Table 1 Mix proportion

. 3
Gmax | Slump | W/C | s/a Unit weight (kg/m”)
(mm)| (m) | %) | ) | w|cl|ls | g | AE

13 [10+10f 33 | 48 | 192 (583|677 | 767 | 1.165
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Fig. 5 Dimension of specimen Fig. 6 Loading angle
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Table 2 Crack initiation loads, Py; (a/R=0.5)

6(") 0 5 10115 ] 2 | 25 | 30

Pii(kgf)| 3,145 | 3,030 | 2,820 | 2,730 | 2,760 | 2,550 | 2,405

Table 3 Fracture toughness ( Ky )

a/R 0.3 04 05 06

K ( kgf/em®?) | 6523 | 6284 | 5992 | 5461
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Fig. 7 Crack propagation path obtained from
experiments
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Table 4 Experimental results of failure angle
(Unit : degree)

Oldegree)| o | 5 | 10|15 | 20 | 25 | 30

0 |t |0 4] 23| x2|sa
bottom | 0 | 7 | 16|22 |30 | 35 | 42
MDD R
bottom | 0 | 10 | 17 | 25 | 30 | 37 | 50

s Lo [0 u]0]s]|8]|e] @
bottom | 0 | 12 | 21 | 33 | 40 | 46 | 54
DRI
bottom | 0 | 13 | 30 | 35 | 45 | 54 | 58
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Fig. 8 Finite element mesh of disk

Table 5 Material properties of concrete

f 55 (kgf/cm®) E.(kgf/fcm®) |Poisson’s ratio

783 363812 0.18
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Fig. 9 Crack propagation path obtained from FEA
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Table 6 Results of failure angle by FEA
(Unit : degree)

Oldegree)| | 5 | 10|15 | 20 | 25 | 30
03 0| 8 |17|24]3]38]46
0.4 0 10182 |35 |40 48
05 012242736 |43]51
06 0 | 143 |41 |45 |53 60
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Fig. 10 Comparison between experimental and
theoretical fracture locus

Table 7 Crack initiation loads (Unit : kgf)
9(degree) Con-1 Con-2
0 15 30 0 15 30
0.3 3,690 | 3,680 | 3,230 | 5,400 | 4,955 | 4,355
04 3,105 | 3,145 | 2,760 | 4115 | 3,775 | 3,325
05 2,260 | 2,185 | 2,005 | 3,145 | 2,730 | 2,405
0.6 1,820 | 1,555 | 1,205 | 2,300 | 2,085 | 1,785
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Table 8 Fracture toughness ( Ky.) )
& ¥ (Unit : kef/cm™?)

a/R 0.3 0.4 05 0.6
Con-1 4458 4742 43.06 4321
Con-2 65.23 62.84 59.92 54.61

Table 9 Experimental results of failure angle
(Unit : degree)

6(degree) Con-1 Con-2
a/R 0 15 30 0 15 30
03 top 0 25 39 0 22 43
bottom 0 23 42 0 22 42
04 top 0 23 46 0 26 47
bottom 0 21 4 0 25 50
05 top 0 30 49 0 3B 52
bottom 0 30 55 0 33 54
06 top 0 30 65 0 32 58
bottom | 0 30 61 0 35 58

Table 10 Results of failure angle by FEA
(Unit : degree)

¢{degree) Con-1 Con-2
a/R 0 15 30 0 15 30
03 top 0 24 45 0 24 46
bottom| 0 24 45 0 24 46
04 top 0 20 46 0 26 48
bottom| 0 20 46 0 26 48
05 top 0 28 51 0 27 51
bottom| 0 28 51 0 27 51
06 top 0 35 62 0 41 60
bottom| 0 35 62 0 41 60
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