Eracture Treughness

Eracture Toughness iniRecks:
Issues and Analysis = Resistance of a material to crack propagation

s Considered a material property.
Bibhui Moehanty:

Lassonde Institute, University of Toronto, = Widely used parameter in fracture mechanics,
Canada especially-in-fracture behaviour of metals

: _ : _ m Established parameter in rock mechanics, but
4" Asjan Rock Mechanics Symposiuii; Singapore, limited experimental data
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Fracture Toughness

E1 — Strress| Intensity Factor (SIE) — Critical SIE or K¢
K —Thickness off material
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ISRIMI Recommendations on
Mieasurement of Eracture Toughness

n Aimed at standardizing measurement
techniques to reduce discrepancy. of results
from use off a variety of techniques

m For tensile mode (Mode 1), recommended
methods are: Short Rod (SR), Chevren Bend
(CB);.and Cracked Chevron Notched Brazilian
Disc method (CCNBD)

Geometny off SpPECImeEN, notations and setup
used for SR test (after ISRIVI, 1988)

Geometry oif Specmen and notations used fior
CB test
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Specimen cross-section at the
centre of the notch

Geometry/ off Specimen and notations usedifor
CCNBD method (ISRM; 1995)




Specimeniinstallation fixture fior the Specimen installation fixture fior the
CB method CCNBD method

1

Core andidisc specimens for CB'and
CCNBD tests

Equations used in Calculationiofi K ¢

(ISRM, 1995)

P = Max. load at failure

B = Thickness of the disc
D = Diameter of the disc

= Dimensionless parameter
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Figure 2: Valid specimen geometrical range for the CCNBD test specimens [after 6],

Fracture toughness comparisen of the CB and

CCNBD (equation; 1) methods
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Fracture toughness comparisen of CB and CCNBD
(eEquation 1 and revised dimensionless parameter)
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Testing Methods and Rock Types

CB and CCNBD,values with means, standard
deviations and minimum and maximum values

for Barre granite

Test Methods




CB andlCCNBD values withimeans, standard deviations and CB and CCNBD. values with means, standard
deviations and minimum and maximum values; for

minimum and maximum values for Laurentian granite .
Stanstead granite:

K, (MPam'™)

Test Methods
Test Methods

Fracture toughness values obtained from CCNBD tests of

Selected rock types for case-l and case-Il calculations SEIITEL O UL Ire 10 g gl L e el

CCNBD tests of selected rock types
for case-l and case-II calculations

Case-| fracture toughness Case-l1 fracture toughness Case-| fracture toughness Case-1I fracture toughness
values (MPa.m%2) values (MPa.m%2) values (MPa.m>2) values (MPa.m¥2)

Location of disc specimens on  Location of disc specimens on Location of disc specimens  Location of disc specimens
Rock Type  valid geometrical range (figure Valid geometrical range (figure Rock Type  ©on valid ggometrical range . on valid g(_aometrical range
2) 2) (figure 2) (figure 2)

Line 5 Centre Line 2 Line 5 Centre Line 2 Line 5 Centre Line 2 Line 5 Centre Line 2

BN s 1.95, 1.80, 1.87, 2.13, 2.05, 217, Barre 1.95,_-1.80, 187, 213, 205 “2l7;
g +0.092 +0.084  +0.044  £0.100 #0.095  #0.053 granite +0.092 +0.084 +0.044 +0.100 +0.095 +0.053

Laurentian 196, 181, 177, 214, 207, 206, Laurentian 196, 181, 177, 214, 207, 2.06
granite +0.045  #0.093  £0.038  +0.051 £0.104  £0.044 granite +0.045 +0.093 +0.038 +0.051 +0.104 +0.044

Stanstead 149, 122, 131, 163, 139, 152 Stanstead ~ 1.49, 122, 131, 1.63, 139, 152,
granite 0101 0050 0076  +0.108 +0.059 %0088 granite  +0.101 +0.050 +0.076 +0.108 +0.059 +0.088




Summary of fracture toughness values obtained
from CB tests of selected rock types.

Fracture toughness values

Rock Type (MPa.m172)

1.89,
+0.024

1.80,
+0.042

1.44,
+0.053

Barre granite

Laurentian granite

Stanstead granite

Fracture toughness values obtained from CCNBD
tests (using equation 1)
of selected rock types for case-I and case-I1 calculations

Rock Type

Barre
granite

Laurentian
granite

Stanstead
granite

Case-I fracture toughness values
(MPa.m2)

Location of disc specimens on
valid geometrical range (figure
2)

Line 5 Centre Line 2

138, 127, 132,
+0.062 +0.060 +0.031

138, 128, 126,
+0.032 #0.066 +0.027

1.05, 086, 0.93
+0.071 #0.035 +0.054

Case-I11 fracture toughness values
(MPa.m2)

Location of disc specimens on
valid geometrical range (figure 2)

Line 5 Centre Line 2

151, 145, 153
+0.071 +0.067 +0.038

151, 146, 145,
+0.036 +0.073 +0.031

115, 098,  1.08,
+0.077 +0.024 +0.062

Eracture toughness comparisen of the. CB and
CCNBD (equation 1) metheds
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Fracture toughness comparison off CBand CCNBD

(equation 1 andirevised dimensionless parameter)
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Comparison ofi Fracture toughness
Equations used|in Calculation of K | values for CB and CCNBD: methods
UsIing correct equation

(ISRM, 1995)

P.ax = Max. load at failure

B = Thickness of the disc
D = Diameter of the disc

. = Dimensionless parameter
Correct equation >

R = Radius of the disc

Summary of the strength properties

Static Static  Tensile r

UCS  voung's Poison's Strength -0 Fracture Toughnessiand Sample

OS¢ Modulus Ratio Sl -
(MP2) 'eGPa)y v (MPa) s Diameter

(MPa)

Rock Type

Barre

e 212, 82, 0.16, 1270, ~7.69

Laurentian

o 259, 92, 021, 1279,  9.08,

Stanstead

Granite 173, 66, 0.16, 7.88; 6.43,




Eracture toughness values for Stanstead
giraniite with CB method asia function of
sample diameter

—& CB (32 mmDia. Stanstead G)
—&— CB (56 mm Dia. Stanstead G)
—&— CB (76 mm Dia. Stanstead G)

Eracture teughness for [Laurentian
granite from the CB method

—® CB (32 mmDia. Laurentian G)
—m— CB (56 mm Dia. Laurentian G)
—®— CB (76 mm Dia. Laurentian G)

Eracture toughness values plot of the
Barre granite firom the CB method

—A— CB (32 mm Dia. Barre G)
—aA— CB (56 mm Dia. Barre G)
—a— CB (76 mm Dia. Barre G)

Eracture toughness values fior Barre
granite from the CCNBD methoed

—A— CCNBD-Line 5 of valid geometry range(Z-Axis Notch)
—aA— CCNBD-Centre of valid geometry range(Z-Axis Notch)
—A— CCNBD-Line 2 of valid geometry range(Z-Axis Notch)




IHow Unique! Is Eractuie
Treughness for a typical rock?

Eracture toughness K. measured along 6
orthogonal planes to determine isotropy
of fracture toughness in selected rocks

Eracture Tfeughness Anisotropy. in
Barre granite
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\ariation ofi IK; along| Different Planes for
Trested Granites

Systematic and large variations in the

measured value of fracture toughness in

apparently: hemogeneous granite, along
different directions.




Characteristics of Crack in Fracture
Jjoughness liest

= _[Viacro-crack extended from notch tip

m Role of pre-existing micro-structure not
considered

n Assumption certainly wreng because stress
concentrations must develop at tip of
microstructure

Example of FT dependence on
Miicro-fracture characteristics

Micre-structure and
Eracture Troughmness

Micro-structure:

.
R’ = 0.6352
*

\/ariation ofi Fracture Troughness with Average
Fracture Density for the five Granites

Variation of Fracture Toughness with Average
Fracture Length for the five Granites




INeed fior Systematic lnvestigation
of the Correlation between ET
and Micro-structure

Mapping of micro-firacture in 3D;
and Testing fro FTF aleng|specific
Planes

Orientation and Density of MIcro=cracks Iin IMicro-structure characteristics surrounding
Barre granite Primary crack firom Eracture Teughness test

Far field &= 4.7 cm/cm’




FPZ, ©=10.7 cm/em’
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Primary crack and Micro-structure

Interaction of Primary Crack and
Micro-fracture




anary Crack and Micro-structure Tiracking of Primary Crack with Acoustic

Emission
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Viagnitude oeff Acoustic Emission and Primary
Crack Progression

MiCre-structure density around Primary.
crack and Eracture Process Zone (FPZ)
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Conclusiens

Discrepancy between CB andi CCNBD metheds due
{0 USe of Incorrect equation

FFracture toughness shown to be highly variable in
anisotropic rocks

Anisotropy In fracture toughness critically.related to
microstructure and Its orientation

Future Research

Fracture toughness under static vs. dynamic loads; I.€.
strain-rate efifects

Fracture process zone (FPZ) and micro-structure
under dynamic leads




