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Fracture Toughness Evaluation and Influence Parameter Analysis by Numerical
Simulation of Brazilian Test

Joong-Ho Synn, Chan Park, Hee-Soon Shin, Yong-Bok Chung and Hi-Keun Lee

ABSTRACT The numerical simulation of Brazilian fracture toughness test is carried out using PFC code and the influence
parameters are analyzed such as shape of loading plane, size of Brazilian disc and. unit particle of model, loading angle and
loading rate. The flattened Brazilian disc is adopted for applying uniform load. The range of loading angle(2¢r) necessary
to induce the tensile crack at disc center and to obtain the load-displacement curve giving the critical load for the stable crack
propagation is shown as 20°~40°. In condition that the loading angle is 20°, the mode-I fracture toughness is evaluated almost
constant in the range of particle size less than 1 mm and loading rate less than 0.01 mm/s. This range of influence parameters
seems appropriate condition for the tensile crack initiation at disc center and the control of stable crack propagation, which
can give the reliance in evaluation of fracture toughness by Brazilian test.

Key words : Brazilian fracture toughness test, tensile crack initiation, stable crack propagation, critical load, stress
intensity factor
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(b) Plane loading

(a) Arc loading

Fig. 1. Two Specimen models of Brazilian Test.
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Fig. 3. Plane loading disc model for numerical simulation
of Brazilian fracture toughness test using PFC.
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Table 1. Analysis parameters for simulation of Brazilian
fracture toughness test.

Parameter Value (Description index)
Particle radius, r (mm) 1.0 (B) 0.6 (L)
Loading angle, & ( ©) 6 (N) 10M) 20 (W)
Loading rate, ¥V (mmny/s) 0.1 (F) 0.0 (S)

With combinations of three parameters, 12 cases are tested.
For example, BNF case is for r=1.0 mm, a=6° v=0.1 mm/s
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Table 2. Mechanical properties of Brazilian disc model for numerical analysis.

Dens19/ Normalstiffness Shearstiffness Frictioncoefficient Tensilestrength Shearstrength
(kg/m’) (N/m) (N/m) (MPa) (MPa)
2680 1.02e10 1.02e10 0.5 8.0 19.36
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Fig. 4. Crack initiation pattern and force-displacement curve according to loading angle.
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Fig. 5. Counts of bond breakage according to progressive failure.



Table 3. Comparison of tensile strength calculated using Eqn. (4) and (5).
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Maximumfailure load

Tensile strength using

Tensile strength using

Ratio of two values

Case P (KN) Eqn. (4)0,, (MPa)  Eqn. (5) 0, (MPa) 0,510,
BNF 664.7 7.84 772 0.985
BNS 664.2 7.83 772 0.986
BMF 713.1 8.41 8.07 0.960
BMS 7121 8.40 8.06 0.960
LNF 680.8 8.03 7.91 0.985
LNS 679.6 8.01 7.90 0.986
LMF 727.0 8.57 822 0.959
LMS 725.3 8.55 8.21 0.960
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Table 4. Results of numerical simulation of Brazilian test.

Ciritical load o
Case P, (KN) Crack initiation pattern

Initial shear crack near

BNF 3989 loading point
BNS 396.7 "
BMF 540.7 Initial tensile crack at center
BMS 509.2 "
BWF 1,182.0 "
BWS 1,166.0 "
LNE 420.5 Initiallozlclﬁjsg c;(z;c‘l‘(t near
LNS 4174 "
LMF 535.8 Initial tensile crack at center
LMS 529.7 "
LWF 1,104.0 "
LWS 1,031.0 "
00, xos

Max. load level at failure

Critical load point

DISPLACEMENT (m), x10°4

Fig. 6. Determination of critical load for stable crack
propagation.
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Table 5. Results of fracture toughness evaluated for the
case of 2a=20".

Case BMF BMS LMF LMS
Kie 2.567 2417 2.543 2.514
(MPa Vm )
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