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BPM Mechanical Parameters Based on Discrete Element Method
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Abstract In order to investigate the relationship between microscopic and macroscopic
mechanical properties of rock and to improve the efficiency of rock breakage simulation in EDEM
extended discrete element method samples for breakage simulation were prepared. Based on
the breakage principle EDEM was used to simulate rock uniaxial compression test. The influence
of friction coefficient shear modulus micro particle number parallel bond strength and stiffness
on compressive strength and macro stiffness was analyzed. The key and interaction effects were
obtained by the full factorial experiment. Regression analysis method was used to predict BPM
macroscopic mechanical parameters and to analyze the variance goodness of fit and residuals.
The results show that the error rate of prediction model is less than 10% .
Key words discrete element method DEM  full factorial experiment BPM bonded particle
model  regression analysis breakage principle
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Fig. 1 Influence of rock material micro mechanical parameters on the macroscopic mechanical properties
a — b — c — d — e —
1.2 2"’ f=nj=n oy
= + X, + XX
EDEM y BO Pt Bl'xl LA j:]ﬁl]x’ x/ l .]
1 BPM y X Xt X
4 36
1 T
2a 2b 0 a =0.05 3
1
3
30 2 -
A, ,{B—-800 [ E-28 ,[A—255
k—ﬁo +ﬁ1( 300 )+,82( 15 )+:82( 75 )+
D -4 000 C-0.375 B -800
1.3 BPM ! ! !
34( 3750 )*BS( 0.075 )*Bﬁ( 300 ) X
D —-4000 N ,[A =255\ (D —4000
3750 ) P\ s 3750
1 (E=28)(A=255\ . (A=255)(B-800
B ls )\ [P 7s ) 0



1266 37
D -4 000 A -255 2.09
7 B°+Bl( 3750 ) 2( 75 )
-800 + C-0.375 E-28 N (a)
S0 ) B Soas ) B
A 255\ { D -4 000 B 800 D -4 000
75 375 | B 3750 o
HF &
B (E 28) (D 4000) 3 A FATHIREE(MPa)
5\ 15 3750 B VATHERHI E(GPa-m™)
C AOHWEERK
60 D ORBURL B
sl (@) =0 E MBI R(GPa)
0 5 10 15 20 25 30
50
g
a 45
S
§40- (b)
=357
E 30F
251 = E
DE XA
20 AC A EATHSRE(MPa)
BC B FATERIE(GPa-m™)
350 BE C BANEEREK
(b) -0 AE D VB
3007 —~1 AP E  FORBTYIER(GPa)
i 0 5 10 15 20 25 30 35
g% FRMEAL O
JQ 200f 3
ﬁ 150t Fig. 3 Pareto effect plot of macro-mechanical
B properties for rock
100} a2 — b —
50 -
0 5 10 15 20 25 30 35 40 1.4 BPM
21TF
2
Fig. 2 Scatter plot of rock macro-mechanical
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Table 1 Five factors and two level full factorial experimental data
GPa MPa GPa m™'
0. 300 13 180 500 2 000
0. 450 43 330 1100 8 000
0.375 28 255 800 4 000
2
Table 2 Regression equation coefficients
B B B’ B’ B4 B's B's B’ B's B’y
36.43 6.45 5.03 2.42 1.51 0.85 -0.383 0. 81 0. 68 0. 60
Bo B B Bs B Bs Bs B Bs
159.59 52.24 49.85 -15.72 5.59 5.24 20. 13 -6.91 4.23
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Table 3 P test of macro-mechanical parameters 2 BPM
P P P
0. 001 0.113 0. 489 2.1 BPM
0. 001 0. 549 0. 180 EDEM 3
5
3
5
Table 5 Rock micro-mechanical parameters
SST
SSR SSE —
4 R MPa GPa m GPa
Rﬁdj 5 1 250 900 2000 27 0.40
6 . n 2 320 700 4000 35 0.40
4. 3 230 900 8500 35 0.35
SST =SSR + SSE 4
SSE 6 EDEM
R =1-22 5 Table 6 Comparison of EDEM simulation values
SST :
and predicted values of model
R =1 - SSE/ n-p 6 /MPa / GPam”'
adj SST/ n-1
4 BPM 1 118.01 126.82 7.0% 39.38 38.82 1.4%
Table 4 Goodness of fit for BPM prediction model 220069 211.95 5.6% 41.58 39.16 5.8%
R Rzadj 3 196.04 192.83 1.6% 42.53 40.90 3.8%
98. 68% 98. 22%
98. 18% 97. 46% 2.2 BPM
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Fig. 4 The relationship between residual error and
fitted value of prediction model plot
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Fig. 5 Uniaxial compression of standard rock samples
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Fig. 6 Comparison of physics experiment and the
simulation of stress-strain curve
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