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The Charpy Impact Test of Rock (2nd Report)
—Dynamic Fracture Toughness—

Mitsumasa FuruzoMit, Fumio SuciMorott, Tadao Imartt,

Naoto KamosHipat and Masayoshi Aset

In this study, we investigated dynamic fracture toughness and crack propagation velocity of

rocks by using Charpy impact test.

The results of the experiments showed that crack propagation velocity of the rocks depends on
impact energy applied to it, and Q@ (impact energy/crack propagation velocity) correlates with

static strengths of the rocks.

Also, the dynamic fracture toughness of the rocks, which is

calculated from the dynamic fracture energy obtained by using Charpy impact test, was found to
depend on the impact energy applied with it, and correlates with crack propagation velocity and
static compression and tensile strengths of the rocks.
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Table 1 Mechanical and physical properties of used specimen.

Uniaxial Brazilian P-wave S-wave Dynamic Dynamic
Rock Density Porosity compressive tensile velooit looit Poisson’s Young' s
0CKS strength strength Y veloeity ratio modulus
(g/cm) %) (MPa) (MPa) (km/s) (km/s) ) (GPa)
lzu tuff 1.99 23.70 36.3 5.0t 2.41 1.43 0.23 10.1
Ogino tuff 1.59 25. 69 51.9 5.83 2,65 1.67 0.17 11.0
Towada tuff 2.04 19.86 62.0 5.50 3.08 1.72 0.27 15.3
Kimachi sandstone 1.98 22.18 36.5 5.02 2.63 1. 65 0.18 13.2
Inada granite 2.64 0.36 187.7 10.82 4.01 2.45 0.21 31.8
Himekami granite 2,67 0.46 2i0.3 11.41 4.73 2.81 0.23 52.0
Pusan diabase 2.80 2.05 202. 4 11.39 4.02 2.46 0.20 41.4
Pusan diorite 2.83 0.47 287.9 15.98 4.72 2,84 0.22 55.2
Koiwai andesite 2.73 1.70 309.0 5. 34 4.75 2.83 0.23 53.7
Shirakawa 2.72 014 #1.8 19.03 5.29 3.42 0.14 72.1
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Figure 1 Schematic diagram of crack propagation velocity
Photo 1 Rock specimen. measurement
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Figure 4 Relationship between impact energy and crack
propagation velocity.
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Figure 2 Voltage-time chart obtained in this experiment.
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Figure 3 Relationship between crack propagation time ((a)Uniaxial compressive strength,(b)Brazilian
and distance. tensile strength)
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TFigure 6 Relationship between impact energy and
dynamic fracture toughness.

EM RS

Table 2 Comparison between dynamic and static fracture

toughness.
Dynamic Static
Rocks fracture toughness fracture toughness
Present study Otsuka et al. ®> = | Matsuki et al. ® =
(WPa-m"5) (MPa-m®) (WPa-m%)
Ogino tuff 4.0 0. 695 0.6 ~ 1.2
Kimachi sandstone 4.7 0.484 -
Inada granite 9.1 i 1.87 0.9 ~2.9

* Values for smaflest impact energy by Charpy test
* Values by Splitting test.
“* Values by C-RCT test.
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Figure 7 Relationship between crack propagation velocity
and dynamic fracture toughness.
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Table 3 Measured largest crack velocity compared with
terminal crack velocity (by Roberts'®).

Larg:s:r:;:z: ::l']:‘:ity Terminal crack vefocity i Viax /¥
Rocks Yoo Y a Vmax/a fmax/Vs
(m/s} (m/s) (o) ®

fzu tuff 324.7 851.8 38.1 22.7

Ogino tuff 386.3 972.4 39.7 231

Towada tuff 405.2 1048.4 38.6 23.6

Kimachi sandstone 350.0 964.3 36.3 21.2

Inada granite 560.0 1436.8 39.0 22.9

Himekami_granite 632.9 1673.9 3.8 22.5

Pusan diabase §80.0 1461.2 3.7 23.6

Pusan diorite 720.0 1678.3 42.9 26.4

Koiwai_andesaite 743 1682.3 42.5 25.2
Shirakawa

sandstone-hornfols 793.7 1963.7 40.4 23.2
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Table 4 Comparison between dynamic fracture toughness
including/not including kinetic energy.

Dynamic fracture toughness D.y namic f.r actur_e tc‘ughness
Rocks which consider kinetic energy
(¥Pa-m5) (MPa-m"®)
Ogino tuff 4.0 3.56
Kimachi sandstone 4.7 4.18
Inada granite 9.1 7.00
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