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The Mixed Mode Fracture Using Concrete Disk
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ABSTRACT

This study investigates a new method of using a concrete disk to calculate stress
intensity factor (SIF) for mixed mode cases. The results indicate that the disk method is
more accurate than three point bending test (TPB) in obtaining correct SIF values for
mixed mode fracture propagation. Stress intensity factors K; and Kj; are calculated
using a center notched disk subjected to splitting load. The notch angle is calculated by
finite element (FEM). Fracture toughness K, of the concrete is obtained from the load

intensities at the initiation of crack propagation.

According to the finite element analysis(FEA) and disk test, the results show that
mode I and mixed mode cracks propagate toward the directions of crack face and loading
point, respectively. The results from FEA with maximum stress theory compare well with
the experimental date. Unlike TPB method where an accurate fracture toughness value
is difficult to obtain due to the irregular shape of load deflection curve and delayed final
crack propagation (following slow stable cracking). fracture toughness value is easily
measured in the disk test from the crack initial load. Therefore, it is safe to conclude
that disk method is more advantageous than TPB method in analyzing combined mode
fracture problems.

Keywords : concrete disk, mixed mode, fracture toughness, stress intensity factor.
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Fig. 1 Stress components around crack tip .
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Fig. 3 Geometry and size of specimen
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Table 2 Crack initiation loads( P;,; ) according to relative

crack length
unit © kgf

g(°)
a/R 0 15 30 45 60

0.3 3,690 | 3,680 | 3,230 | 2,975 | 3,680
0.4 3,105 | 3,145 | 2.760 | 2.535 | 2.590
0.5 2,260 12,185 2,005 | 1,620 | 1,915
0.6 1,820 1,655 | 1,205 | 1,025 | 1,540
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Fig. 4 Angle of applied load
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crack length vs Ny
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Fig. 6 Crack propagation path by experiments

Table 3 Fracture toughness( K.)

unit * kef - om ¥

a/R

0.3

04

0.5

0.6

K, Ic

44.58

47.42

43.06

43.21

Table 4 Crack propagation angle by experiments

unit : degree(

B 9C°)1 o | 15| 30| 45 | 60
o5 |_toP 0 | 25| 39| 57| 75
bottom 0 23 42 60 78
top | O | 23 | 46 | 60 | 82

04 bottom| O | 21 | 44 | 58 | 80
og | tor | 0 |30 | 49|75 | 8
bottom| O | 30 | 55 | 70 | 89
gl e | 0 |50 | 65| 78| 98
bottom| O | 30 | 61 | 81 | 94
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Fig. 7 Finite element mesh of disk

Table 5 Material properties using finite element analysis

Cosrgzx;fssgve Elastic modulus | Poisson’s
(kef/cm®) (kgf/em®) ratio
430 287,700 0.18
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Table 6 Final crack propagation angle by finite element
analysis

unit : degree( °)
B 9 o | 15| 30 | 45 | 60
0.3 0 | 24 | 45 | 64 | 76
0.4 0 | 20| 46 | 64 | 84
0.5 o | 28 | 51| 72 | o
0.6 0 | 35 | 62 | 83 | 98
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Fig. 8 Crack propagation path by numerical analysis
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