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Measurement of rock fracture toughness under mode |, I & mixed-mode
conditions by using disc-typed specimens

Soo-Ho Chang and Chung-In Lee

ABSTRACT : Rock fracture mechanics has been widely applied to blasting, hydraulic fracturing, rock slope and
many other practical problems in rock engineering. But a measuring method for the fracture toughmess of rock,
one of the most important parameters in fracture mechanics as an intrinsic property of rock, has not been yet
well established. To obtain mode I rock fracture toughness, the more favorable disc-typed specimens such as
CCNBD, SCB, chevron-notched SCB and BDT were used in this study. Rock fracture toughness under mixed-
mode and mode II conditions was measured by using the STCA applied to the: CCNBD specimen. Size effects
such as specimen thickness, diameter and notch length on fracture toughness were investigated. From the mixed-
mode results, fracture envelops were obtained by applying various regression curves. The mixed-mode results
were also compared with three mixed-mode failure criteria. In each fracture toughness test, acoustic emission was
measured to get the data for determining the load levels of different crack propagation patterns.

Key words : Fracture toughness, Disc-typed specimen, Mixed-mode, Fracture envelope
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2.1. CCNBD M ¥

CCNBD A #H-2 Bragilian v]A3 Vol HHE =X
E A3 AP (Fig. )2Z 19801 FukiE Q7
7} &s] 3B 9t

Shetty et al.(1985, 1986, 1987)2 STCA®ol <3}
CSTBDY -$& &A= 18 CCNBD AlgHoll 283

Section A-A

:

D = Diameter of specimen, R = Radius of specimen, B = Thickness of specimen
a, = Initial chevron notched crack length, a1 = Final chevron notched crack length

Fig. 1. CCNBD specimen geometry

Table 1. Standard geometrical dimensions of CCNBD
specimen

Description Values Dicrzgnri(s);:)lsss
D (mm) 750
B (mm) 30.0 0 =B/R=0.80
a, (mm) 9.89 o,=a/R=02637
a, (mm) 2437 o, =a/R =065
D, (mm) 52.0 o,=D/D =0.6933
h, (mm) 16.95
Y‘rnin (dimensionless) 0.84
Notch width (mm) <15
a,, (mm) 19.31 o,=a,/R=0.5149

CCNBD Disc

Diamond saw

(a) First cut (b) Second cut

Fig. 2. Cutting Procedure of CCNBD specimen
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Fig. 3. Dimensionless stress intensity factors for straight
-through and chevron notches in CCNBD spec-
imen
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ofl oF&l7] wigoll QA7) o5& FEFoE Al
HE 3= Aol frelshe Holl 2A 5] 33 FF siollA
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e} (Fig. 4).
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Fig. 4. Semi-circular bend (SCB) test specimen
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Fig. 5. Relationship of SCB results calculated by various
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Fig. 6. Mode | stress intensity factor for the chevron-
notched SCB specimen
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Fig. 7. Chevron notched SCB test specimen
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Aol vtk A AFH ke OE ATFAES AAS) #
Apsiet, whebA] A Eol 75 mmll Al EHE AMEEe B¢
ol 77 15 mm oldol™ e} AnE A5 5 9
T AL ¥

ko g HA A1YH FAE FPZ (Fracture
Propagation Zone) 2] 1] Er} glojol &far ¢4 A3
Holl tisl BFFE w2 e 271 SIA ohaak 2
2 27 & S ok ok gl U rk(Whittaker et
al., 1992).

27 ch 2
B2rp = 3‘2}(?) =

o714 at FEZo], W-at o] AslA] gL Al
3 Ao, Be A8H ¥4, g QARE, 1, & FPZ
9 QA 7| o|th.

e B AAEd AsA 4 (12)9] A 2.5

F29) ohdell B4A]1 AR JEREE AFEH 27
87270 ATE A (13)7 o] 2022 Y AL
A ¢+t cH(Whittaker et al., 1992).

(12)

2
a, W—a22.O(K?'tC) (13)

9 F Aol ga) £ Aol A A3 AIHH FA
o #d7o| & ZABIEA 4] (120 Q)8 HeFAE
73S 5.1 mm, el 48] F 9 4.9 mmE £ o]
A Agw A He) FAle B o) 27& S 4
(13l <3 H 4 Fd4olE UL 38.0 mm, 4
< 36.6mm °|t} o] & FAY FHAo|Z s
3okt viEl Aol thall ZF2F 0.51, 0492 94 =1 &
nEste Ao el A (12)0 A3 HAFAE
FPZ8] Ul E 5éle Aoz 9)9 A4l o3 33t
9] FPZ7} dlg| 4 B} ki ade ¢ 58 5 ok

Fig. 11 373%4e] stajlAdell W3k =X ol 34
9] gEFo g APH Wi F RE FAYSHAT ¢-q
T BB T4 dojoir) a7l B 5 Qe
A il del] gt =x]j7ole] QiR B A4
A4E AEH P4l delld e 23 gee A g 5
et el o] Aol = 573te) 9Bt HA) ki
Ao} fAE Ak Bk o o= SQA4 A
ol & JFE AR Y= Ao Z e

Efd7} 255 321

: ‘vw‘

1SRM suggested method

Alkinson {Five term approximation}
Atkinson (Third term approximation)
Alkinson (Small crack assumption)
Fowell & Xu

< =
~ b
1

[]

P

2

&
C4pOn

T T T T
¢.20 025 0.30 0.35 0.40 0.45
a/R-a/R

I o

Fig. 11. Effect of o,-¢, on mode | fracture toughness
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Fig. 13. Mode | fracture toughness values vs. normalized
notch length curve from SCB tests
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Table 2. Summary of mode | fracture toughness values
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Table 3. Relationship between some physico-mechanical
properties and fracture toughness of rock

Physico-mechanical properties of Correlation coefficient (R)
rock

Specific gravity 0.51
Porosity -0.60
P wave velocity 0.80
S wave velocity 0.66
Uniaxial compressive strength 0.55
Young's modulus 0.21
Poisson's ratio -0.16
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Table 4. Comparison of K,/K ratios by experiment, three mixed mode criteria and an empirical regression curve

K,
nc/Kic Experimental results G [ Shin Empirical regression Curve
Rock type
Granite 1.6028 0.627 0.866 1.043 1.562
Marble 1.8574 0.627 0.866 0.935 1.986
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9] A A] S . o] B& FH &I Fo| F& AR
ke o

6) A8 o2 HE] T3 Mode 11 31247} Mode I 3+
1A o] vl &L A 7HA] S 7 Fell o) cllSe gk
ulad & 2ol Bl o A 3AFGA ojal o
Z% gAe S ek Mode 1T 9345 &
3| olEl g Aol SR o2 e dL ulgEY
g |Z3he o) 7Hed Ao Hal

2o 4ddY
CB : Chevron Bend
SR : Short Rod
CCNBD : Cracked Chevron Notched Brazilian Disc
SCB : Semi-Circular Bend
BDT : uncracked Brazilian Disc Test

CNSCB : Chevron Notched Semi-Circular Bend
STCA : Straight-Through Crack Assumption
CSTBD  : Cracked Straight Through Brazilian Disc
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