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Research on the Calibration Method of Microparameters of a Uniaxial

Compression PFC*” Model for Rock
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Abstract: To analyze the relationship between microparameters and macroparameters of the uniaxial compression
PFC2D model of rock, and to calibrate the microparameters, the orthogonal design and analysis of variance are
adopted in this paper. Flat-jointed contact model is used as the contact constitutive model of particles. The orthogonal
design is conducted to the microparameters of PFC2D model. Then analysis of variance and dimensional analysis is
utilized to analyze the relationship between microparameters and macroparameters. On this basis, the process of trial-
and-error method for calibration of microparameters for rock is proposed and is used to calibrate the microparameters
of limestone. Simulation results of macroparameters, stress-strain curves and failure characteristics are closed to the
laboratory test results, and this validated the significance of the suggestion for trial-and-error method. If a biaxial
compression PFC*” model need to build, the two microparameters (tan @, , w,) need further calibration. The research
results can provide references for the particle flow simulation of rock mechanics tests.
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Table 1 Main macro-parameters and micro-parameters of PFC*® model
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Fig. 2 Numerical test of rock

21 EXRIWiIEIT

Ji K2 UCS/TS , #5751 Bl 4 PRCPP AR
— B o, B o Bl 03X 4 N EB R A S
RObs 2 MG . (RIS R L, R T AR bR
FORERE A BT Y HEAT — SR, DAV D 4 5
BIECER . B Potyondy ! Fl Poulsenn 25" ) iff
R (RN &

(1) FE P EhR /N THi sy s i, B o, <
T,= ¢+ otang, , Al FAFFFE PRI UCS/TS,

(2) A =1,

(3) R,/ R, HEN1.66,

(4) N =4,

(5) p B2 700 kg/m’

(6) E,,(k,/ k), I8 E  k/ k g, —F

1E_EIRMBBERY LR T 3T 40 S EOE AT IE A 15
T, IR BT FEAS BT AR R A ke 2 3% 3
JiR, LAZE 3 P IE 28 T B P 91 2 PFC™
REARY N 25, B AR 100 mm), B8 50 mm, 43
BT R EAR | BB S B IS B2
WMSE o E v Fl o, BARSE RN 3 s, MR
3 MR LA BRI S BN TR 25 R AR
FFEA A R MBS BOBUE G ] H R LR 5 25 T2
B, DB I — AR S B MRS R [
W% 12 %48 E = 25.68 MPa, 1fii v = 0.050, A~
FFG— M B v T VA AR LR AT IR, ik BB 4
& T i A S B A S5 R 2 80 (HU2
FEATE M 22 S EOC R A 4

&2 PFCTEAGAMSHEZIRBIGITE
Table 2 Orthogonal test design table of micro-

parameters of PFC*® model
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AWM SHL A
1 2 3 4
R,/mm 04 08 12 1.6 y= 0.4x
E/GPa 20 40 60 80 y=20x
k,/k, 12 1.6 20 24  y=0.4x+0.8
o, /MPa 3 6 9 12 y = 3x
o/, 3 6 9 12 y = 3x
tang, 01 04 07 1.0 y=03x-02
Wy, 0.1 0.4 0.7 1.0y =03x-0.2
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Table 3 Orthogonal matrix sequence of micro-parameters and the corresponding results of macro-parameters of PFC model

HUSHL( AZALH)

FMSEL (AL )

Ne- R, /mm E/GPa k/k. o,/MPa ¢/o, c¢/MPa tang, ™ E/GPa v o/MPa o /MPa
1 04 60 2 9 3 27 0.7 0.1 68.86  0.143 6354  7.00
2 12 40 2 3 3 9 0.4 1 4423 0133 2416 237
308 80 2 6 6 36 0.1 0.1 91.73  0.138  68.72  4.80
4 08 20 1.6 6 3 18 0.4 0.4 2401 0.101 4344  4.90
5 08 60 2.4 9 9 81 0.1 1 66.44  0.165 15143  7.05
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Ne- R,./mm E/GPa k/k  o,/MPa ¢ /o, ¢/MPa tang, , E/GPa v o/MPa o /MPa
6 1.2 20 2.4 12 12 144 0.4 0.1 21.36 0.160 227.72 9.34
7 1.2 80 1.2 12 9 108 0.1 0.4 97.45 0.048 170.51 9.87
8 1.6 20 2 12 6 72 1 1 21.99 0.156 175.98 9.62
9 0.8 60 2.4 12 3 36 1 0.4 66.43 0.165 94.86 9.40
10 1.6 60 1.2 6 6 36 0.4 1 72.70 0.066 80.32 4.73
11 1.6 80 1.6 9 9 81 0.4 0.1 91.12 0.140 156.00 7.15
12 0.4 20 1.2 3 3 9 0.1 0.1 25.68 0.050 16.07 2.42
13 1.6 40 2.4 6 3 18 0.1 0.7 42.59 0.184 38.02 4.79
14 1.2 80 1.2 9 3 27 1 1 97.63 0.047 72.06 7.40
15 0.4 20 1.2 6 9 54 1 0.7 25.66 0.051 99.70 4.84
16 1.6 60 1.2 3 12 36 0.7 0.4 72.43 0.077 82.11 2.36
17 0.4 80 2.4 3 6 18 0.4 0.4 88.61 0.170 33.00 2.25
18 0.4 80 2.4 6 12 72 0.7 1 88.57 0.170 113.15 4.49
19 0.8 80 2 3 12 36 1 0.7 91.62 0.138 79.90 2.40
20 1.6 20 2 9 12 108 0.1 0.4 21.97 0.160 192.72 7.22
21 0.4 40 1.6 9 6 54 1 0.4 48.11 0.105 124.92 7.14
22 0.8 40 1.2 12 6 72 0.7 0.1 51.09 0.047 158.70 10.09
23 1.2 60 1.6 3 6 18 0.1 0.7 69.16 0.098 33.04 2.41
24 1.6 40 2.4 3 9 27 1 0.1 42.47 0.201 61.11 2.39
25 1.2 40 2 6 9 54 0.7 0.4 44.20 0.133 97.17 4.73
26 0.8 20 1.6 3 9 27 0.7 1 24.00 0.101 62.74 2.45
27 1.2 20 2.4 9 6 54 0.7 0.7 21.41 0.159 109.23 7.00
28 0.4 60 2 12 9 108 0.4 0.7 68.88 0.142 144.15 9.33
29 0.8 40 1.2 9 12 108 0.4 0.7 51.09 0.047 213.95 7.57
30 1.6 80 1.6 12 3 36 0.7 0.7 91.60 0.119 89.40 9.54
31 1.2 60 1.6 6 12 72 1 0.1 68.91 0.099 133.48 4.82
32 0.4 40 1.6 12 12 144 0.1 1 48.25 0.105 213.09 9.53
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Fig. 3 Relative F-statistics of multi-factor

analysis of variance
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Table 4 Macro-parameters and micro-parameters and their

dimensions in PFC?® model
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Fig. 8 Flow chart of calibration of microparameters
using trial-and-error method
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Table 5 Tested and simulated macro-parameters of limestone

EMSE  o/MPa  o/MPa E/GPa v
I E 121.91 5.26 61.28 0.208
FEAE 119.14 5.24 60.74 0.204

Fi IR B 8 o (240 W S 05 i T e )
T 6 MBR(EMS RN 6 i),

B 10 B R, SRE B ERLIRS BRI
SO EBE R, = 0.8 mm, WA (10) ~(15) i1
HAMWSEIARE, BEE AT S 01T
b 48 Bk 56, 153 E= 56.87 GPa,v=0.189,
o,=134.71 MPa, Z&5 R C & T HiR(E,
WEMIE 11% LN, v 5 HIMER A —E 2T,
XS k kTR

S Pk /k LADCHES v, HRIEEC(10) X}
BRBOCR Aln(k,/k.) = 5.504A0 FEATIHHE | %%
J&i k,/k = 3.22, FRRIEAT B R 4 e, 75 5
E=55.77 GPa,v= 0.204,0,=123.13 MPa, v 5 H
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Table 6 Calibration process of micro-parameters of limestone

S TS E WS HL
- E/GPa v o/MPa o,/MPa E, k./ k, 0,/MPa ¢,/MPa tang, u,
1 56.87 0.189 134.71 53.00 2.87 6.60 65.36 0.5 0.5
2 55.77 0.204 123.13 53.00 3.22 6.60 65.36 0.5 0.5
3 60.74 0.204 124.18 4.98 57.74 3.22 6.60 65.36 0.5 0.5
4 60.74 0.204 119.14 5.24 57.74 3.22 6.95 65.36 0.5 0.5
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