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Relationship between macroparameters and microparameters of
flat-jointed bonded-particle material and calibration of microparameters
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Abstract: The orthogonal design and multi-factor analysis of variance is adopted to analyze the relationship
between macroparameters and microparameters of flat-jointed bonded-particle material and to establish the
calibration method of microparameters. Firstly, the orthogonal design is adopted to conduct the
macroparameters of flat-jointed contact model and the uniaxial compression, direct tension and biaxial
compression numerical test is used to calculate the macroparameters of rock. Then multi-factor analysis of
variance and regression analysis are adopted to analyze the relationship between macroparameters and
microparameters. On this basis, calibration method of microparameters for rock is proposed in this paper.
Based on laboratory tests of limestone, the microparameters of limestone are calibrated. The simulation
results are closed to the laboratory test results, and this validated the significance of the proposed method.
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Fig. 1 Flat-jointed contact model ™
o BREERN., R | < M. =75 &
WRAT I B 5 fF s o2 = < (ﬁ) .
XF TR Y L BT Y 9

7, = ¢, —otan ¢, (2)

Koy WNERIT: o WINEERES . R [ <,
W o: = s HEWFEE RAETVBIF .Y 6 > o, 0,5
G5 R A PARBEIR co, Ak 0] 3
1.2 HRAHERRE

HAOBMEIRE M B L5 = 05 g5 R k7%t
BE DA SIS A0 0 2 B0 b . B P 40 80 5 (1B
DEZHENSHEINMUS N R EERREZ
— A LA B BT R AR AR R R L A S
B0, AR A B R0 1 B - AR il £ AT A S TR )
R B9AETE B RIS L, Fod, AR T A8 1 R
B R EBUE RS P 5 T R T AU
0w R % Fe A, B A R LR (3 ~(5)

o=4 (3)

E=%¢ (4)
€150

p = |20 (5)
€150

Arf: POy i B A 8. Ny A Oy R Bt AT T AR
mm” 5o N BN S E  MPas E 8L BB 0 N IA
s 050 HUBMTIE SR BE 50 20 BN JTE 5 o 4 050 KT
VAL ENE NI SER e B VA DR A I

73— R A W K5 T R ol
PLAR BR800 a3 A 0z 588 32 TR 3D 4K



76 P RAREHRERKE A

% 38 %

(L TR A R 11 0 {5 12 B DA B 58 o

3 EENMHERKR

Fig. 3 Direct tension

2 BHMEHHERE
Fig.2 Uniaxial compression

numerical test numerical test

B T B R B0 K 3 DA Ak T DG o (]

P CEL PG B 20 B a6 W& 4 B . M4 B

AR B I U (R A T 0 oo mI AR BB A 1 iz
SRR AKX LA G,

_2p

nDL

X o FAREDTHLSR BE 5 P OB IR IR A5 2 D
BURE ELAR s L e i L

HT T B Y B ORI B AL T I 4 o 5 2 ]
FETERR 2 5 2 O 1 A v A PO 47 o0 50 B2 501
IS R JH BB B A0 5 BT 3

(6)

Ot

4 EEEMBASR)HELR

Fig. 4 Indirect tensile (brazil disk split) numerical test
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Fig.5 Biaxial compression numerical test
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K 1.66; Table 2 Orthogonal matrix sequence of microparameters
4)¥E%}Eﬁﬁﬁgﬁﬁ N=4; for flat-jointed contact model
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Table 1 Orthogonal test design table of microparameters 15 60 16 4 3 12 0.4 0.1
for flat-jointed contact model 16 10 12 4 12 18 0.1 0.7
ALE K EERSE B g 17 0 2.4 8 9 72 1 0.1
! 2 3 4 18 60 1.2 2 9 18 0.7 0.4
SEH AR E./GPa 20 40 60 80 y=20x
FHYHBEL £k 1.2 1.6 2.0 2.4 y=0.4:+0.8 19 20 1.2 4 6 2 0.4
S 15 ET R 20 80 2 8 3 24 0.1 0. 4
2 4 6 8 y=2x
IR o,/ MPa 21 20 1.2 6 3 18 1 1
FETHER T/ s s 9 1 y=3z 22 20 2.4 2 3 6 0.1 0.7
. o ¢ :
PULSRIE /o 23 20 16 8 6 48 0.7 0.7
- 1 F N E R ) )
28 tan “ 0.1 0.4 0.7 1.0 y=0.3x—0.2 24 80 1.2 6 9 54 0.4 0.7
TFHVHEERS 0.1 0.4 0.7 1.0 y=0.32—0.2 25 40 L6 6 3 18 0.1 0.4
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Table 3 Calculated results of macroparameters corresponding to orthogonal matrix sequence

No. E/GPa v o1/ MPa o/ MPa ot/ tan ¢ C/MPa oi—2/MPa oi—3/MPa
1 84.91 0. 20 25.11 2.56 9.82 2.68 3.24 97.08 280. 69
2 67.01 0.16 13.95 1. 20 11. 61 1. 97 1.98 51. 46 156. 19
3 20. 69 0. 37 105.52 4.15 25.45 1.15 20.82 125.77 168. 74
1 72.96 0.09 143. 82 5.29 27.20 1.79 17.57 164. 48 253.02
5 24.93 0. 06 10. 06 1.31 7.70 0. 49 2.30 12. 47 27.79
6 21.32 0. 25 45.48 2.75 16. 55 0. 40 19.55 62.13 75.23
7 24.56 0.06 45. 88 5. 47 8. 38 0.35 16. 64 50. 74 62.6
8 43. 34 0. 24 22.11 1.28 17.28 2.32 3.48 80. 68 221.51
9 90. 28 0.22 37.42 1.07 34. 84 0.79 11.11 54.29 79.76

10 50. 30 0. 06 12.49 1.21 10. 30 0.72 2.58 17.73 40. 65

11 61.42 0.29 54.37 3.96 13.74 0. 20 25.06 64.17 73.11

12 100. 12 0. 06 17.72 1.77 10. 00 0.29 6. 36 20. 36 30.9

13 22.69 0.16 26.68 1.33 20.07 2.10 3.02 65.94 183. 46

14 19. 46 0.50 34. 34 1.32 26.00 0.75 11.03 52.31 76. 45
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No. E/GPa v o1/ MPa o./MPa ot/ tang C/MPa or—2/MPa oi—s/MPa
15 69. 67 0.12 24.58 2.57 9.56 0. 36 8.43 27.95 40.03
16 48.76 0.08 67.29 2.59 25.94 1. 34 10. 69 82.42 136. 71
17 39.03 0.48 125.77 5. 34 23.54 1. 00 27.99 146. 81 181.78
18 73.65 0.08 30. 90 1.13 27.42 1.07 5.80 42.33 81.01
19 24. 34 0.07 46. 31 2.69 17. 24 1.16 8.41 59. 86 103. 46
20 88.03 0.16 43.93 5.42 8. 10 0. 81 9.06 46.7 72.98
21 24.62 0.06 40. 51 4.08 9.93 2.09 3.53 70. 11 186. 98
22 21. 30 0.19 10. 98 1. 32 8.31 1. 60 2.10 38.97 111.99
23 22.79 0.13 91.63 5.55 16.51 1.09 18. 25 106. 95 146. 55
24 97. 94 0.08 87.58 3.81 23.02 1.42 13.02 101. 82 161. 29
25 46. 25 0.12 32.17 4. 06 7.92 0.92 5. 80 36.72 67.75
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Fig. 6 F-statistics of multi-factor analysis of variance
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Fig.7 Curve of macroparameters vs minimum

grain diameter of particles
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prediction value of cohesion
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Table 7 Test and simulated macroscopic

parameters of rock sample

U 3 I {E PIEEE RERBE
o1/MPa 121.91 126.81 121.51
o1/MPa 5.26 5.96 5.33
E/GPa 40. 03 42.52 10. 22
v 0.21 0.18 0.21
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Table 8 Calibration results of rock mesoscopic parameters
o</ (kg » m™?) N A Ruw/ Ruin Ruw/mm  E./GPa  ky/ ky  o,/MPa  ¢,/MPa  tan g, 1
PR 3165 4 1 1.66 0.5 35.7 1.64 7.2 76. 6 0. 50 0.50
R At 3165 4 1 1.66 0.5 34.5 1.72 6. 65 76.0 0. 50 0.50
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Fig. 9 Rock failure pattern of uniaxial compression test
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Fig. 10 Rock failure pattern of brazil disk split test
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Fig. 11 Comparison of the stress-strain curves
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Fig. 12 Numerical simulation result of

biaxial compression test
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