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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(20) 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 mumn/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.
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intensity factor

£ B A4 Aoy Yo FTo d7ET AYE Brazilian HFAUA A& PFC coded o] £84o] 3]
4" og Alguloldsigint. o| 2RE Zighd Hef, AYH} 2y QYzpe] =27] A, 7ide 74E He, HEEE 59
of g wigoll TigE 84 o Ay 7180 sl A Esigich 758 % A2E 94 7igtwiol Wl Brazilian AFPAE &
Yaidedl, AFE Faboll4 20) ARFIS P4 i el YR e P Y QAR DA AR YAl
vEh e §15 -9 R4S 98 = A 7P EE 20°~40" A E el Aqb Z2E7E 20790 Al HAA 4
Ao FAYA Bl | mm oldlel L B1E4E} 0.01 mm/s o3 ZAAE A2 YAHE shelAghe Ig 47} 9l
ik, 7ptR ZEs) 20° ool EEEES 0.01 mavs ol8He AN 2ol FaF AE 2793 AFH FooiiAe]
QAFd 4 2 o] ARAFdel AAAA AA Ao E g 270 R2E % 71 9k

=

S 0] © Brazilian 2 AA4AH, AFFIEA, HBH TARARAA, dASFE, S8 oA S

.M 9 -2 71Ee] ISRM AlEA ol visted A1gH |

2914} (fracture toughness)y& A8 A3 aa) A
& Hotoll glolA 7H 243 SRR EAolr) by
o] g7l FAE Sisted AFA kA AlgHE
o] dF-5lo} $kom(Singhs, 1988), ISRMAIAE HF
HARE A 2 R S AgAEg e P )
tHISRM, 1988, 1995). FZell E° Guos(1993),
Wang$(1999) ¥ 3 45(2000) 5 Brazilian 4|3 &
o] &8t ¥4 FAWYE A7 BIE vt Y. o]

67

Agyo] v 7HHg §o] AN AlWYI} =4

Aol FUA T WA= Az Y A% He) 7]

Foll At 74 2 AAe eAE AR U
o} Brazilian 204 A&7} pAFE Rogq, o)

DAY, AFAV AT 4 Ftd TR ALd 7Y
2338, FFAYATF4L FAAAYATFE Hdd 7Y
ALY, At T AR AW FHE
HANY, A2y FodE AZHAFALLFFE 2
N3 A4 20004 8Y16Y

R A gz 20004 8Y23Y



68

23 9] A HHe g A PellA 72 44 2
Azl g AF RAEE tfs WhEE 3 Qlrh(Hashida
&, 1993; Yanagidanig, 1978).

B AFolAE Brazilian A¥E 53 A4 FH
WS- PFC coded o]43f0] A4 H o2 Al &0
AL, ol & F3lo] FE7 ZIstEAw ARG PR
e, Brazilian Tl A|gHe| Av]o] gk =g ¢
A7) 9] A, taa FAdA e 27] A A4
of Bol #eddl sighwel Zhe W9, st TE31A A
ojo} gt FEE o JF Well el £483
t} 282 o]& E3lod Brazilian Q4 S el ol
S APz A 7ol dsl AEFHA T

2. Braziian AlEH =2 ¥ SHEZE 4
t2a33 AgHe) Ao 9% 4= M99
31%0] 71ald wl(Fig. 1(a) B2), A8 7kt S-S
A& tiad WiFe) Fo AAA Aol £
Hondros(1959)0) 2j3) 84 Sle=dl, S3FA ol
g 5 SHAEL &7 Zrh(Guo 9, 1993). ©17]
P 7MliA = 8HF, RS Hl&3 WY, = YA
c»n o= ThebH ) ZHE MY, e vleaa FAlol A9
gl ot}

o rir

X

Pl (- (r/R) Hysin2o.
"R | o(/R) cos20+ (R)

_1[ +(r/R) tana]
1-(vR)?

o
I

5o 2P [ (1-@wR))sin2a
! nRta‘_l 2t/R)%cos2a+ (R)

ta _1[1+(r/R) tanocJ
1 (r/R)

A Griffith 3} o} 2ol A, A H¥oll= 7
o] #Ra 2YE 2L ) Ael A A Eel
Ao} glow o mlAlgde] Ex el 2 FFHol
2 gate 28 28 27l vt slejz7le] AZH
(Griffith, 1925). Brazilian ¥/&3 W4l #&3te 4
71 (H=2) A F FY2 F5He| HBZE, g,=0,
9 5=, sFHQAAE +E &), Griftith 73 71E
9] 28 ZANA(30,+0,) < 0o Xt} o|ZHE AV

@

(a) Arc loading

(b) Plane loading

Fig. 1. Two Specimen models of Brazilian Test.
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Fig. 2. Maximum tensile stress at crack edge along dia-
metrical center line in Brazilian disc.
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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  20W)
Loading rate, ¥ (mm/s) 0.1 (B 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 .

Densi 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.



72

Table 3. Comparison of tensile strength calculated using Egn. (4) and (5).

Maximumfailure load

Tensile strength using

Tensile strength using

Ratio of two values

Case P, (KN) Eqn. (4)0,, (MPa) Eqn. (5) 0,5 (MPa) 0,/0,

BNF 664.7 7.84 7.72 0.985

BNS 664.2 7.83 7.72 0.986

BMF 713.1 8.41 8.07 0.960

BMS 712.1 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 8.22 0.959

LMS 7253 8.55 8.21 0.960
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Table 4. Results of numerical simulation of Brazilian test.

Critical load o
Case P. (KN) Crack initiation pattern
BNF 398.9 Initial she.:ar cra-ck near
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 4205 Initial shq.:ar cra.ck near
loading point

LNS 4174 "
LMF 535.8 Initial tensile crack at center
LMS 529.7
LWF 1,104.0
LWS 1,031.0

L::I:M 210

o \

::1 Max. load level at failure

40 Critical load point

41-{

M

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 20=20".

Case BMF BMS LMF LMS

KIC

2.567 2417 2.543 2.514
(MPa vm )
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