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Numerical Simulation for Calculating the Tensile Strength and
Fracture Toughness Based on Different Grain Sizes
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Abstract: Three-point-bending tests on three kinds rock samples of grain sizes 1. 02 mm ( fine
grained) , 2. 12 mm ( medium grained) and 3mm ( coarse grained) with different notches are
numerically performed by RFPA-DIP version to simulate the failure process compared with
experimental results in laboratory. A simple fracture model is established, linking fictitious crack
to the average aggregate size so that the rock specimen and fictitious crack formation can be
considered together. Maximum loads of three-bending-point tests with different initial notches
containing different tensile strength and fracture toughness are analyzed. The concept of fractal
dimension is introduced to characterize the grain size distribution. It is concluded that the fractal
dimension decreases with the increase of grain size, and the rock samples with smaller fractal
dimension correspondingly have smaller tensile strength and fracture toughness.

Key words: grain size; fracture toughness; tensile strength; fictitious crack model; three point
bending test
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Fig. 1 Stress distribution along the notched crack tip
under three-point-bending test under peak load
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Fig. 2 Digital image of granite
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Fig. 3 Change of brightness along the scanning line
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Fig. 4 Numerical model based on microstructure
of granite

2.2 HEEFHEEIE

VIR R T 1 mm (948 5 5 iR I Tl
AN TR Bt 11 R AT B A, 38 2o 5 = e
25 ST UG U iy A 7 B R R RS RI LRAE
0.001 mm, HAHHEN 0.001 mm, JNEE 1 2 ik
BEIR. B S BRI S Py F e 45 R 1 gk, vl
DA B 25 SR 5 i SR A

4

= B R
SRBLRY

Bk R FAaz=1 mm

R FKBRAT P, /KN
(3] w

—_
T

0 10 20 30 40 50
WA O K Fa /mm
5 —hAEHRESHERESEREE

Fig. 5 Comparison between experimental and
numerical results
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Fig. 6 Granite samples with three grain sizes
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Fig. 10 Numerical curve of load-step

3R R S 5L AT 2L )
it

3.1 ETERYRETEHAEEMETREE

K fEaa P, ARA (1), RAF4 o8 JE

o, BRI 2 FR SRR EUKE a, A58

(3)K%%. o, a, ARAK(T) , KL RN T5 %
TR PR BEFIRT 2B BE , 2R I 11 P,

0.05
= EFfQﬁ*iiRTAam—le =2.24 MPa m"
— S&tEle £=9.5 MPa
0.04 | a,’=13.9 mm
. 003}
b
= .
0.02% . " .
?/:—r:’-.
1 [ ]
0.01% i . .
0.05
A Slzi‘%l%ﬁﬁ)i’—maﬁ =1K,.=1.91 MPa.m"?
Xy f=8.91MPa
0.04 ¢ a,’=11.5mm
_0.03} .
o A
= 4 A
0.02 /‘/Ah/Aﬁ
A
A . A, as 4 A
0.014 A A A
0.05
* ¥ﬂﬁ'ﬁ)’i§ﬁﬁ“mf—1]{ =1.87 MPa.m"
KUEMA f=8.51 MPa
0.04 | a,’=11.1 mm
_0.03} .
g - :
0.02 § * : .
L
* * . * *
0.01¢ *
0 1 2 3 4 5
a,/mm

11 HEBENNEDETES
Fig. 11  Calculation results for tensile strength
and fracture toughness
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Table 2 Normal strength of granite specimen
with different grain sizes

oo % S EE o,/MPa
0 Aag, =1 Aa;, =2 Aag, =3
10.7 10. 5 10.3
5 10. 4 10.5 10.2
10 11.2 11.0 10. 8
15 11.0 10. 6 10. 4
20 10. 4 10. 1 9.9
25 10. 1 9.8 9.6
30 10.5 9.6 9.4
35 10.0 9.7 9.5
40 11. 1 10.9 10.7
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Fig. 12 Fractal dimension characterization of granite
specimen with three kinds of grain sizes
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Fig. 13 Relationship between fractal dimension and
tensile strength and fracture toughness
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