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Suggested Method for Determining a Complete Set of Micro-Parameters
Quantitatively in PFC2D

Yong-Hun Jong and Chung-In Lee

Abstract The discrete element code in 2-D, PFC2D, has been used as a tool to simmlate various phenomena in
rock mechanics and rock engineering. However, the code has an disadvantage that procedure to determine
rnicro-parameters, namely preperties of particles and contacts 15 repetitive and time-consuming. In this study, we
analyzed the effect of ricro-parameters (for generation of a cortact-bonded modely on macro-properties (that were
measured mumnerically by uniaxial compressive test). Based on the analysis, also, the time-saving and reliable method
was suggested to deterrmine a complete set of rmicro-parameters. In order to verifiy the suggested method, numerical
specirnens were generated in PFC2D for 10 different rock types at home and abread. By the two trials for each
spectmen, in the result, the Young’s modulus, Poisson’s ratio and uniaxial compressive srength could be reproduced
with being in relative error by about 5% to the values obtained by laboratory tests.

Key words Discrete element method, FFC2D, Toung's modolus, Poisson's ratio, Uniaxial comrpressive strength
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Table 1. Macro-properties to be investigated in PFC2D simulations

Kind of Test MMacro-property Abbreviation
Thniaxial compressive test Young' s modulus T1
Poisson’s ratio T2
Uniaxial compressive strength 3
Crack initiation stress T4
T4/73 5
Table 2. Complete set of micro-parameters for generation of a contact bonded model in PFCZD
Micro-parameter Unit Abbrev, Factor Levels
(Factor) Low (-1) High (+1) Average
P kg/m’® A 2,500 3,300 2,500
P m B 2.5%10" 7.5%10° 5.0x10™
“ C 0.30 0.70 0.50
B GPa D 20 150 85
Jowtley - E 2.0 4.0 30
. (mean) MPa E 20 150 a5
T (mean) WPa G 20 150 35
sdfmean (g, T) H 010 0.30 0.20
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Fig. 1. Physical properties for granite and gneiss in Korea
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Table 3. Significant factors determined by the analysiz of variance
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{d) Crack initiation stress (T4).
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(&) Ratio of crack initiation stress to uniaxial compressive strength (¥3).
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Table 4. Change of macro-properties by the different scale factors for the two micro-parameters (F and 3)

Scale Factor

Uniasial Compressive Test

S$Fn 5Fs 11 T2 12 T4
(GPa) - (24 Pa) (2dPa)
0.1 0.1 55.49 0.277 11.66 4.53
0.1 05 55.47 0.283 16.30 7.07
0.1 1.0 55.44 0.282 1643 7.07
0.1 15 55.44 0.282 1643 7.07
0.1 2.0 55.44 0.282 16.43 7.07
0.5 0.1 55.36 0.281 1375 6.13
0.5 0.5 55.57 0.286 45.67 15.90
0.5 1.0 55.71 0.286 63.31 27.47
0.5 15 55.67 0.286 64.85 22,16
0.5 2.0 55.67 0.285 64,90 22,16
10 0.1 55,36 0.281 1375 6.13
10 0.5 55.63 0.285 58.33 15.97
10 1.0 55.91 0.286 95.62 30,48
10 15 56,00 0.286 111.94 44.09
10 2.0 56,04 0.286 114.17 44.09
15 0.1 55.36 0.281 1375 6.13
15 0.5 55.63 0.286 59.73 15.97
15 1.0 56,02 0.286 11075 30,48
15 15 56.15 0.286 146.68 44,09
15 2.0 56,17 0.286 152.16 57.80
2.0 0.1 55,36 0.281 1375 6.13
2.0 0.5 55,59 0.286 58.73 15.97
2.0 1.0 56.01 0.286 116.69 30,48
2.0 15 56,22 0.285 162.44 44.09
2.0 2.0 56.29 0.285 197.33 57.89

Normalized uniaxial compressive strength =
0.134+0.212(SFn)-0.142(SFn)-0.654(SFs)-0.2
86(SFs)*+0.492(SFn - SFs)-3.376x10%(SFn/
SFs)t+1.689x10~(SFn/SFs)’-6.634 x10*(SFs/SF
n)+2.707x107(SFs/SFn)*

(R*=0.9977) o))

4 ()& £3Y Ha SFnd} SFse| dfsted A5
Fig. 48} Zr) SPnz} SFs7} £71e| wiet Askd

P&ENEATT 27N B0 5 gtk

EE AU Hapl] WElel| mhEF WS Athi gz
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ST o] AES ]85l Y #2Y =707 o)
Tl el 07)= dAEof Sith

Number of shear erack = 120.47-142.71(SFn)+
32.53(SFn)*-17 30(SFs)-9.42(SFs)*+31.98(SFn
- 8Fs)y+67.81 (SFn/SFs)-2.30(SFn/SFs)’-19.28
(SFs/$Fn)-0.89(SFs/SFn)*
(R*=0.9512) @)

Number of tensile ecrack = 58.35+8.89(SFn)-7.95
(SFn)*-132.96(SFs)+19.43(SFs)*+31.03(SFn
SFs)-11.73(SFn/SFs)+0.51 (SFn/SFs)+7.72
(SFs/$Fn)-2.20(SFs/SFn)*

(R*=0.9614) 3)
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2 oGSl WA AN 22 F A 299 212
2 Al 245 Fe. 59 2o
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Table 5. Complete sets of micro-parameters determined for generation of different rock models

Ificro-param eter

Case Rock type A D E H SFn SFs Reference
(kkg/m3) (GPa) - - - -
(1) Dasjeon Granite 2,640 69.83 2.08 0.21 172 1.82 [26]
(2) Hwangdeung Granite 2,670 76.55 3.03 022 158 169 [25]
(3) Hwangdeung Granite 2,680 7217 2.04 021 184 191 [27]
(4) Keochang Granite 2,670 79.45 2.40 021 161 172 [28]
(5) Yeosan Marble 2,730 74.99 287 021 0.65 0.63 [25]
(6) Yeosan Marble 2,720 68.84 287 022 0.58 0.54 [28]
(7)  Aue Granite 2,600 £2.94 160 0.20 137 148 [29]
(8) Carrara Marble 2,700 68.24 2.24 0.21 1.02 1.08 [30]
(%) Flechtingen Sandstons 2,300 23.03 0.54 021 101 107 [31]
(10) Kimachi Sandstone 2,000 821 192 014 0.48 0.44 [32]
(11)  Mizunami Granite 2,600 88.90 446 0.20 168 179 [33]
(12) Rudersdorf Limestons 2,610 1526 2.08 022 0.67 0.65 [34]

% default value: B=5.0x10" m / C=0.50 / F=G=85.0 MPa
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Table 6. Verification of the suggested method for different rocks

Macro-property

Case Y1 Y2 Y3 Y4 Y5

(GPa) - (MPa) (MPa) -

B @ 50.9 0.22 161.7 - -
® 51.6 0.22 162.8 450 0.28
o @ 50.7 0.28 159.1 525 0.33
®) 50.5 0.29 162.3 66.1 0.41

3 @ 51.0 0.24 188.0 - y
7 ) 52.5 0.25 1783 733 041

@ @ 56.1 0.24 160.0 - -
® 57.0 0.24 165.3 542 033
5 @ 50.5 0.27 61.2 223 0.37
® 50.2 0.28 62.9 13.9 0.22

6 @ 46.4 0.27 520 y .
® 463 0.28 513 218 043

o @ 480 0.19 134.0 y y
® 50.1 0.17 137.9 26.9 0.20

® @ 49.0 0.23 101.0 - -
® 492 0.24 103.9 35.1 0.34

©o @ 21.0 0.12 96.0 - -
® 227 0.01 90.4 259 0.29
a0, @ 6.5 0.21 48.0 278 0.58
® 6.2 021 46.4 33.5 072

an @ 50.0 0.37 166.0 . .
® 52.9 0.36 170.6 66.0 0.39

a2y @ 115 0.22 66.7 . .
®) 11.5 0.22 67.7 17.1 025

% (a) : Values obtained by experiment. (b) : Results of simulation by PFC2D.

10 - EZZ Young's modulus
[ Il Poisson's ratio
Uniaxial compressive strength

Relative Error (%)

1oL

Fig. 7. Relative errors of three macro-properties (i.e., Young’s modulus, Poisson’s ratio and UCS)

A (5)°l oo AR YA AARE)7E AHE HeA A Zogn] T2l ASUSHEE Ag] ga 2k
ek Zgkom), olo] ojs) THE ARIETF Yol o] Hrlexl Bl 5% els AEE 4 gl
27 WAtk de the mE Ao 49 A8 (Fig. 7).
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