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Tab.1 Macro and mesoscopic parameters selected
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Fig. 1 Schematic diagram of Fig. 2 Geological model of Zeng Ziyan rock massW12*
virtual uniaxial compression test unstable rock and the test sample[m]
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Tab.2 Orthogonal experimental design table of meso-parameters

TR ALBIRE ORI L ORI RS CPATEGRE MR CPOMEAYIMRIE AR A A

LRAS (E:)/GPa (k,/k) (w) (6¢)/MPa (C)/MPa (@)
1 20 1.0 0.2 20 10 5°
2 25 1.5 0.3 40 15 10°
3 30 2.0 0.4 60 20 15°
4 35 2.5 0.5 80 25 20°
5 40 3.0 0.6 100 30 25°

AR IESEF By SPSS 25. 0 #AF B 3l 4 5L X Los (5°) IEAE R 51 25 21 L5 3EAT = 4 Bl s 4 500 1 56 75
FIAH L 9 75 W 2 BB RN 25 8 L T 3 P « SUPE R A (ED B L 28, 1~71. 9 GPa, “FX {2k 46. 91 GPasif
FAHE GO R 0. 083~0. 257, SF- ¥ {H 0 0. 191 (it Ak 4% T 0 1 PR AS 8 (E) SR FHI L -0 7 il 4 b A R 5k 12
50 Yo A5 A . 78 55 il R A 22 LD 5 BN 5 B (o, ) OB L 22. 57~139. 77 MPa, F-3{H K 67. 24 MPa,
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Tab.3 Orthogonal test conditions and numerical simulation results of macroscopic parameters

LS HCH AR i) FMSEH(H A7)
T4 %ﬁ*%%% WURLNIBE LG Uk 45 %ﬁ%ﬁ% TRy A PR THAA L ﬁiﬂﬂﬁ}f
T . HEram g PImiE JEE 15 61 W 0,/
(E¢)/GPa (kb ARG (Go)/MPa  (C)/MPa (p) (F)/GPa i MPa
1 20 1.0 0.2 20 10 25° 37.0 0.108 22.57
2 20 1.5 0.3 80 30 5° 32.6 0.171 86. 35
3 20 2.0 0.4 40 25 10° 30. 6 0. 206 82. 47
4 20 2.5 0.5 100 20 15° 29. 7 0. 244 88. 92
5 20 3.0 0.6 60 15 20° 28. 1 0. 254 71.02
6 25 1.0 0.2 80 20 20° 44. 6 0. 083 50. 67
7 25 1.5 0.3 40 15 25° 40. 4 0.179 43.10
8 25 2.0 0.4 100 10 5° 38. 4 0. 197 37.67
9 25 2.5 0.5 60 30 10° 36. 8 0. 230 116. 04
10 25 3.0 0.6 20 25 15° 35.0 0.231 68. 96
11 30 1.0 0.2 40 30 15° 54. 1 0.131 70.53
12 30 1.5 0.3 100 25 20° 47.8 0. 180 82. 2
13 30 2.0 0.4 60 20 25° 45. 1 0.214 71. 07
14 30 2.5 0.5 20 15 5° 43.7 0. 220 53. 96
15 30 3.0 0.6 80 10 10° 41.5 0.257 51.56
16 35 1.0 0.2 100 15 10° 61.8 0.108 35. 67
17 35 1.5 0.3 60 10 15° 57.5 0.158 32. 60
18 35 2.0 0.4 20 30 20° 52.5 0. 208 70. 56
19 35 2.5 0.5 80 25 25° 51.2 0.222 104. 97
20 35 3.0 0.6 40 20 5° 49. 4 0. 250 85.12
21 10 1.0 0.2 60 25 5° 71.9 0. 125 56.76
22 40 1.5 0.3 20 20 10° 64. 8 0.181 55. 42
23 40 2.0 0.4 80 15 15° 61.8 0. 192 58. 46
24 40 2.5 0.5 40 10 20° 59. 3 0. 201 44. 66
25 40 3.0 0.6 100 30 25° 57.1 0.227 139. 77
x4 XBES&R
Tab. 4 The correlation results
4251
TS AR 422 ik UL M EE e WORLRE AR ARGk CFITRE VI EATEA M
Bt (ED (ko /R ) B (50D B (C) (@
HPE R (ED 0. 925 0.68 0. 65 0. 653 0. 697 0.569
NER/NEACD) 0.738 0. 86 0.75 0. 656 0. 704 0.576

PP R (6,) 0.751 0.78 0.72 0.739 0. 839 0. 636
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Fig.3 Relative F statistic of multivariate ANOVA
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Tab.5 Single factor analysis test results

BRI [R A% i AR
. kL 42 fis \ LR E WY . ) FAT R4S FAT R4 FAT R4
THHS - MR W JE L Wi S .
i MR /N A R N 25 1) 5 B ) 1) 58 B FEHE A
(E)/GPa (k,/k) EX 4@ _ _ -
(E¢)/GPa (6,)/MPa (6c)/MPa  (C)/MPa (@)
1 10 15.3 0. 220 72.49
2 20 30. 8 0. 205 74.62
3 30 45.7 0.217 75.51
4 40 60. 9 0.212 75.56
2.0 0.4 60 20 10°
5 50 75. 4 0.199 75.19
6 60 91. 8 0.207 76.77
7 70 106. 6 0. 208 76. 26
8 80 121.7 0.207 76. 69
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Fig. 4 Changes of macroscopic parameters and mesoscopic parameters
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FR G (5) ~ (1O AT A5 F 40 S Bk ik 50 .
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Fig.5 Flow chart of mesoscopic parameter calibration
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Tab. 6 Mesoscopic parameter calibration process and macro parameter simulation results
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Tab.7 Macro parameter simulation value and calibration process in non-degraded zone
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Fig. 6 Stress-strain curves of uniaxial compression
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Numerical Experimental Study on Mesoscopic Parameter Calibration of
Limestone. Taking Zeng Ziyan Rock Mass Unstable Rock in

Nanchuan District, Chongqing Municipality as an Example

TANG Hongmei, SONG Gang, ZHOU Fuchuan, YANG Jian

(Institute of Geotechnical Engineering, Chongqing Jiaotong University, Chongqing 400074, China)
Abstract; The problem of fast and accurate calibration of mesoscale parameters in the lower degraded area and the upper non-
degraded area of fractured tower column unstable rock in the process of dynamic calculation of instability of fractured tower column
with high slope using particle flow code (PFC) discrete element method is discussed. Taking the parallel bond constitutive model as
the contact model of particle flow, a three-dimensional discrete element uniaxial compression test based on orthogonal design was
constructed. Combined with the laboratory test of Maokou Formation limestone in the second-order cliffs of the Zengziyan rock,
Nanchuan District, Chongging Municipality, the grey correlation degree, multi-factor variance and regression analysis were mutually
verified. The quantitative expressions between six main mesoscopic parameters and three macroscopic parameters of limestone are
obtained. The elastic modulus of limestone increased linearly with the contact modulus of particles, and poisson’s ratio and the
particle stiffness ratio increased logarithmically. The uniaxial compressive strength increases linearly with tangential bond strength,
and there are multiple function expressions between macro and meso parameters. Furthermore, the multivariate function
expressions between macroscopic and microscopic parameters of limestone materials are constructed. According to this, the
calibration process of mesoscale parameters of limestone materials is proposed. The numerical simulation results are consistent with
the experimental results in terms of failure mode and stress-strain curve. This method can be used for rapid calibration of the
mesoscopic parameters of this limestone, reducing the blind complexity of “trial and error method” in the mesoscopic parameter
calibration process. and providing important support for the numerical deduction of PFC for the instability and disintegration of this
type of fractured rock.

Keywords: particle flow code; orthogonal design; macroscopic and microscopic parameters; limestone; grey correlation
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