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The Size Effect in Measuring the Fracture Toughness
of Rock using Chevron Bend Specimen

Kim Jae Dong, Baik Seung Kyu

ABSTRACT

In this study, the size effect in measuring the fracture toughness of rock was investigated using
the ISRM Suggested Method for Fracture toughness using Chevron Bend Specimens. Total 58
specimens were prepared with 4 different diameters, 29, 42, 54, 68mn and center cut-chevron
notch. In addition to this, to evaluate the effect of anisotropy of Jecheon granite, which is the
sample for this study. core drilling direction was adjusted perpendicular (short transverse) and
parallel (arrester) to the rift plane in the sample and the measured fracture toughness for each
direction were compared.

Important results obtained from this study are as follows.

Level I test condition is more adequate than Level I, because of low data scattering and pre-
cision and corrected fracture toughness of Jechoen granite measured are 22MPa,/m  for arrester di-
rection with minimum initial crack length 0.6cm and 2.0 MPa/m  for short transverse direction with
minimum initial crack length 0.7cm. From the relationship between core diameter and initial
crack length presented in the ISRM testing method. the specimen diameter should be bigger
than 47mm.

The fracture toughnesses measured for arrester and short transverse direction show 10% dif-

ference. This is to the anisotropy of Jecheon granite possessing rift plane.
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Table 1. Physical properties of Jechon granite.

Physical properties | shorttransverse | arrester

Bulk density 2.677 g/cm’
True density 2.714 g/cm®
Shorehardness 95 £ 5

P/S Wave Velocity 3400+ 100m/sec/2060 +80m/sec

Uniaxial Compression Strength | 141+10 MPa | 143+ 7MPa

Tensile Strength 86+18MPa | 91+21 MPa

Shear Strength 13 MPa |15 MPa
Young's Modulus 6064 GPa 5783 GPa
Poisson’s Ratio 0.30 026
Internal Friction Angle 52 degree 55 degree

1MPa = 10.20kgf /cri

FA|ur e (ISRM) o] A EHe £
Z32 9z YY) (The ISRM Commission
on Testing methods)oll A+ A9 shz|AA
ZAo| & Al (Suggested Methods for

determining the fracture toughness of rock.

Table 2. Specimen dimensions for Chevron Bend

specimen.

Geometry parameter | Value | Tolerance
Specimen diameter D >10 % grain size
Specimen length, L, 4D >3.5D
Support span, S 3.33D +0.02D
Subtended chevron angle. 6 | 90.0° +1.0°
Chevron V tip position, ao 0.15D +0.10D
Notch width. t <1.0mm <0.03D
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Table 3. Specimen data and toughness test results for Arrester direction.

2

SPECIMEN| DIA A, |[NOTCH [SPAN [F-max| P [A min Kes K
NO. (mm) (mm) |DEGREE| (mm) | (KN) (MPa,/m ) | (MPa,/m)
B3AA—1 | 29.72 | 250 89.5 98.90 | 0.902 | 0.235 | 8.339 1.469 1.867
B3AA-2 | 29.39 | 1.00 89.3 97.85 | 0.932 | 0.387 | 6.957 1.287 1.937
B3AA—-3 | 29.79 | 4.30 90.1 99.20 | 0.618 | 0.288 |10.231 1.229 1.654
B3AA—-6 | 29.80 | 2.35 90.0 99.10 | 0.596 | 0.409 | 8.181 0.905 1.397
B4AB—2 | 4219 | 5.55 90.2 |140.05} 0.981 | 0.457 | 9.779 1.107 1.813
B4AB-3 | 4221 | 3.05 89.3 14055 1.961 | 0.071 | 8.001 1.810 1.943
B4AB—-4 | 42.26 | 5.65 90.5 |140.75 | 1.079 | 0.428 | 9.881 1.227 1.940
B4AB—5 | 42.34 | 5.85 90.4 |141.00 | 1.667 | 0.143 | 10.027 1.919 2.216
B4AB—6 | 42.38 | 5.95 89.4 |141.15| 1.765 | 0.100 |10.102 2.044 2.260
B4AB—7 | 4253 | 6.00 90.0 |141.60 | 0.981 | 0.538 |10.121 1.132 2.065
B4AB—-8 | 4259 | 6.10 89.6 |141.80 | 1.520 | 0.200 |10.192 1.763 2.159
B5AE—1 | 55.99 | 8.95 89.9 | 186.50 | 2.256 | 0.143 |10.758 1.832 2.115
B5AE—2 | 55.98 | 9.45 90.4 | 186.50 | 2.158 | 0.182 |11.070 1.803 2.168
B5AE—3 | 55.98 | 9.30 90.0 |186.50 | 2.158 | 0.176 | 10.976 1.788 2.136
BSAE—4 | 55.95 | 9.00 90.1 |186.30 | 2.354 | 0.086 | 10.788 1.919 2.092
BSAE—-5 | 55.97 | 9.65 90.2 |186.40 | 2.354 | 0.100 |11.192 1.989 2.199
B5AE—6 | 55.92 | 9.10 89.3 |186.20 | 2.207 | 0.125 | 10.853 1.811 2.054
B5AE—7 | 55.94 | 9.45 89.9 |186.20 | 2.256 | 0.120 | 11.064 1.886 2.128
B6AB—1 | 67.79 | 7.30 90.2 |225.75 | 2.648 | 0.429 | 9.055 1.358 2.149
B6AB—3 | 67.96 | 7.75 89.6 1226.30 | 2.354 | 0.474 | 9.252 1.229 2.058
B6AB—4 | 67.98 | 8.05 90.6 |226.40 | 2.923 | 0.091 | 9.391 2.078 2.277
B6AB—5 | 67.93 | 8.05 89.8 1220.00 | 2.922 | 0.083 | 9.135 2.023 2.199
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Table 4. Specimen data and toughness test results for Short-transverse direction.

K€ (MPa/m)

SPECIMEN | DIA A, {NOTCH |SPAN JF-max| P |[A min Kep K s
NO. (mm) | (mm) |[DEGREE| (mm) | (KN) (MPa/m) | (MPa/m)
B3LC—4 29.78 2.50 90.5 99.15 | 0.726 | 0.364 8.339 1.178 1.725
B3LC—~5 29.80 2.70 90.5 100.05 | 0.638 | 0.400 8.607 1.067 1.629
B3LC—6 29.60 2.20 89.8 98.40 | 0.902 | 0.148 | 8.048 1.426 1.655
B3LC—7 29.63 2.10 89.9 98.50 | 0.726 | 0.364 7.946 1.131 1.656
B3LC -8 29.62 4.75 90.2 98.75 | 0.608 | 0.250 |10.785 1.286 1.660
B3LC—9 29.62 2.30 89.5 98.55 | 0.775 | 0.292 8.150 1.239 1.673
B3LC 10 29.65 2.15 90.2 98.60 | 0.843 | 0.176 7.999 1.321 1.579
B4LC—1 42.62 3.50 90.8 141.00 | 1.814 | 0.185 8.233 1.698 2.047
B4LC—2 42.61 3.60 90.1 141.90 | 1.667 | 0.188 8.357 1.584 1.916
B4LC—-3 | 42.66 3.50 89.7 142.05 | 1.324 { 0.238 | 8.284 1.245 1.587
B4LC—4 42.71 3.95 89.6 142.20 | 1.814 | 0.125 8.592 1.766 2.003
B5LF -1 52.35 6.60 90.0 174.30 | 1.765 | 0.294 9.632 1.420 1.922
B5LF—2 54.10 3.50 89.7 180.15 | 2.060 | 0.200 7.788 1.275 1.561
B5LF—3 54.51 9.85 89.6 181.50 | 1.716 | 0.227 | 11.483 1.549 1.951
B5LF—4 54.83 5.05 90.4 181.60 | 2.090 | 0.214 8.536 1.390 1.727
B5LF—-6 55.06 5.30 90.2 183.35 | 2.207 | 0.250 8.706 1.487 1.920
B5L.D~1 55.31 | 11.10 89.6 184.20 | 1.961 | 0.100 | 12.211 1.841 2.036
B5LD—-2 55.98 | 10.90 90.3 183.80 | 1.814 | 0.235 |11.822 1.619 2.058
B6LC—1 | 66.00 5.80 90.0 |219.80 3.432 | 0.143 | 8.457 1.714 2.357
B6LC—2 66.53 5.40 89.6 221.55 | 3.040 | 0.222 8.259 1.463 1.834
B6LC—-3 67.87 7.65 89.2 226.00 | 3.334 | 0.182 9.211 1.737 2.088
B6LC—4 67.95 7.70 89.7 226.30 | 3.629 | 0.083 9.231 1.891 2.055
B6LC~5 68.1 7.80 89.7 226.75 | 3.482 | 0.111 9.267 1.815 2.030
B6LD—1 68.11 8.35 90.0 225.80 | 3.236 | 0.154 9.480 1.726 2.016
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