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Triaxial numerical simulation and size effect of rockfill materials based on

meso-mechanical properties
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(1. College of Water Conservancy, Yunnan Agricultural University, Kunming 650201, China;
2. Power China Kunming Engineering Corporation Limited, Kunming 650051, China)

Abstract: To elucidate the size effect laws governing the mechanical characteristics of basalt rockfill materials
under loading, a combined methodology incorporating particle flow numerical simulation and laboratory testing
was employed, and by introducing size-dependent patterns of particle strength and elastic modulus derived from
single-particle compression tests, mesoscopic parameters of graded aggregates were calibrated based on triaxial
compression test results, and numerical simulations of triaxial tests were subsequently conducted for both
prototype and scaled gradation rockfill materials. The research resultes demonstrate that increasing particle size
promotes stress concentration within specimens, leading to structural failure predominantly manifested as shear
shrinkage volumetric deformation; modified formulas were proposed for the Duncan-Chang E-B model
parameters K, K,, ¢, and Ap to account for particle size effects, revealing that parameters K, K, and ¢, exhibit
decreasing trends with increasing particle size, while parameter Agp shows an inverse correlation. These research
outcomes provide valuable references for predicting stress-deformation behavior in dam structures.
Keywords: rockfill; size effect; Duncan-Chang E-B model; triaxial numerical simulation; strength and

deformation characteristics; particle size
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Tab.1 Weibull fitting parameters

RiZl/mm FRIEKIE d/mm m a,/MPa
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(20,24] 22.0 1.781 26.040
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. ZHOE
R R
a B y
PUESRE 0, 109.991 0.127 18.165
PSR o, 27.986 0.868 1.529

1.3 BrEMEETHNE

SRR B SR TSR T b A R AR R TR P
REJI I CEES AL, PR SS SR A B
TOURL P BER P ASE Ry

E=o0,/¢, (6)

Ao, e W RIURE A AE RBERAR A 1 P ) 10 A2

R, ORI SRR AT G RS . o
e BT A7 JOURE 14 SR ASE 20 A LA, UKL 1 58 M A
Bl H RO A R sy, WLIRT S 2% 2H 0K 5
B R E(E SRR O R AT R

E=275.76023d, """ (7)
300r .
. WA
< 250 .
=9} [ ]
E \
£
%200— . . .
E .
E 1s0f
100 1 1 1 1 1 1 J
5 10 15 20 25 30 35 40

¥iftd /mm
K5 e BRI PR i SRR Y 5 &
Fig.5 relationship between elastic modulus and particle size

of basalt particles

2 ZHRE%

2.1 =ihEEER

K FRM 5 A5 UL B koo R B, 75 25 R
B 0 5 X B U A A o D) R A S B ), LR
PRy YUK AZ 3K B R0 RN AR v DU ESE B D




%34

ERA, AT @ F A6 A = FAE AR R T AR

287

W e L R ) DR e R, AR A B LA — R
SER/NBORE AR . T TR BT R, 2\
AT ] q I EIRR BRIEL g, 1F, TiE S (8) Al
X (9) HIRAERORAR N d B RURLBBCRFAR AR, B

q= %\/(01—02)2+ (02—0'3)2+ (01—03)2 , (8)

qlim:ro[—ln(l—u)(do/d)nd]w, (9)

Xe o0 oy o SR AERURL Bk
INFERETT, MPas , h BORLIK 2 63% MR ARE A< Y
SREEN, MPa, HUBRE R BB IESREE 5w N BEHL
B, wel0,1]; doASE kAR, Wd; ng R EE R
SPRUNESHL, B3R,

He T ORI R R Y =Tl DL IR 6.

&)

Ko = EAIRE
Fig.6 triaxial numerical simulation

Ko, ONFEMERMR CGERMGREED), H
TREME I @, @725 b AW A,
LU A 205, @, &, @ W) B it
F8 TUAE T AR S TR 8 £ B A 27— A Joi 14 (B Bk
WORLAE SR, SRATRGEHIRE, MRIEHRA . fLER

AR AL e A UBURE o R A T X AN [ £ e o
AV RREAT RE SR AU S B AT A, IR
Ypkittd, (Rd) 1ERSRERRHERAR, A%
BRI RF SRR 3

®3 FREREHKRERTSH

Tab.3 model size parameters of different gradations
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Tab.4 aboratory test results under different confining pressures

[El /& 100 kPa [l % 200 kPa

[ % 300 kPa

[ & 400 kPa [ & 500 kPa

(0,-0y)/kPa ¢/10% /107 (0,-0,)/kPa ¢,/107

€/10% (o,-0,)kPa /107 £/10° (0,-0,)/kPa ¢/107

€/10% (0,-0,)/kPa /107 £/107

0 0 0 0 0 0 0

70.98 0.03 0.01 79.08  0.03 0.01 238.57
113.56 0.06 0.02 34497 0.10 0.05 448.07
212.83 0.13 0.05 560.36  0.17 0.08 650.09
304.88 0.20 0.07 94733 0.32 0.12 131298
439.02  0.34 0.08 124720 0.46 0.14  1901.41
593.90  0.49 0.07  1453.09 0.60 0.15  2286.16
705.69  0.63 0.03  1550.79 0.75 0.14  2496.63
788.72  0.77  -0.04 1648.17 0.89 0.12  2601.31
906.46 092  -0.11 170221 1.04 0.09 2670.06
939.78 1.06 -0.16 174893 1.18 0.05 294288
972.45 120  -0.26 1780.92 1.33 0 3028.08

0

0.06

0.12

0.19

0.40

0.69

0.98

1.27

1.42

1.56

2.14
2.43

0 0 0 0 0 0 0

0.01 102.32 0.03 0.01 336.54 0.03 0.01
0.04 467.48 0.10 0.03 1162.67 0.17  0.10
0.06 744.63  0.17 0.04 1980.02 046 031
0.15 171895 0.46 0.11 2643.60 0.76  0.55
028 242886 0.76 0.24 3203.79 1.05 0.78
0.38 3006.54 1.05 0.39 365476 1.34 1.03
047  3443.67 1.34 0.52 418720 1.63 1.32
0.50 374256 1.63 0.66 489853 221 1.68
0.54 422785 221 0.92 5653.10 2.79  2.10
0.67 457890 2.79 1.14 6406.63 337 243
0.72  4840.61 3.37 1.35 697196 395 2.72
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(0,-0,)/kPa /107 /107 (0,-0,)/kPa /107 /107 (0,-0,)kPa /107 &/10° (0,-0,)kPa /107 £/10° (o,-0,)/kPa £/107 ¢/107
984.05 135 -0.36 180584 147 -0.05 311952 272 076 518944 395 150 754071 453  3.00
99551 149  -046 183027 1.61 -0.11 326432 329 079 543456 453 1.63 826735 540  3.38

103272 177 -0.61 186518 190 -022 332528 358 081 570611 540 1.84 883554 628 3.67
104837 2.06 -0.81 187134 219 -035 336467 3.87 081 581709 584 191 933448 7.15 392
106337 235 -1.06 1884.54 248 -047 344199 445 081 592000 627 197  9710.10 8.02 4.13
106448 2,63 -1.30 189055 277 -0.59 358232 532 079 6080.08 7.4 209 10044.88 8.89 4.9
1066.02 292 -1.51 189624 3.05 -0.73 364298 6.18 072 6311.18 802 220 1033649 9.76 4.43
106049 321 -1.74 1901.82 334 -0.87 368056 7.05 0.64 635741 889 225 1050835 10.63 4.54
1048.11 349  -1.98 189374 3.63 -0.99 3682.06 748 059 6381.55 932 226 1063824 1151 4.6l
1029.64 378 217 1899.19 392 -1.13 368244 792 053 637844 976 227 10698.22 11.94 4.65
101095 4.06 -2.41 189141 421 -1.24 369068 835 050 6381.51 10.19 227 10730.76 12.38  4.69
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Tab.5 numerical simulation calibration of basic

mesoscopic parameters

S8 o (H S8 bR fH
FEplkgm®) 2790 FfTe T 1
FLBRA /% 20 AT AR E/GPa 0.165
MBI E/GPa 0.165 AT RS W BE e kK, 2.5
FE Al BE L ke, vk 25 AL PRI 6 /GPa 0.650
FEfEE I R 0.67 FATEEES ORI IE 7/MPa  0.680
R TR R AL 1 SEATERGRLIAEE AR /(%) 34

FE 1k, e 230 IR A 1 P FEE ARV B A U 16 W JEE , N/ms &,
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comparison of indoor test values and simulated values
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AR, WK 6. HT S FhrE A FEA 40

2R R T S MR R AR N g, SR MRARER 6 SRR R AR R, 1FBIAE gt

SRSTHON . 4 3 ORI B d, (o ASt  FIRARSEL WRT. S, AR 2 HCRIR 6
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Tab.6 change rate of rock strength and elastic modulus with particle size

QBT SRR /MPa U5 2/ MPa PURLHREE/MPa SRR ARMES % PURMBERALER/ % HrhisR AR A%

A 205.85 22.76 28.92
B 195.54 18.58 28.47 5014 18.39 1.55¢
C 174.41 18.17 25.99 15274 20.204 10.134
D 168.74 18.17 24.58 18.034 20.20 14.990
VT RRIN
F7 AERSTHARMNERSEH
Tab.7 mesoscopic parameters of rockfill materials with different sizes
) FEARYESE I SHL SR E S
e TR » - — - —
pl(kg-m™) nl% E/GPa kyJk, E /GPa k/k, u ,/GPa 7/MPa 9/(°)
A 2790 20 0.165 2.50 0.165 2.50 0.67 0.650 0.680 34.00
B 2790 20 0.157 237 0.157 2.37 0.55 0.640 0.555 27.75
C 2790 20 0.140 2.12 0.140 2.12 0.53 0.584 0.543 27.13
D 2790 20 0.135 2.05 0.135 2.05 0.53 0.553 0.543 27.13
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Fig.8 triaxial numerical simulation results of prototype and scale grading ingredients
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Tab.8 (0,-0;); and ¢, under different gradations and confining pressures

M [l & 100 kPa [¥1 /£ 300 kPa [ /% 800 kPa [l & 1 600 kPa [51 £ 3 200 kPa
%5 (0,-0,)/kPa /107 (0,-0;)/kPa €,/107 (0,-0;)/kPa €,/107 (0,-0;)/kPa €,/107 (0,-0;)/kPa &,/107
A 1070 0.004 15 2080 0.005 35 4000 0.0129 6370 0.020 6 10 100 0.0392
B 657 0.004 83 1430 0.006 13 2760 0.0115 4730 0.0230 7980 0.041 8
C 691 0.004 12 1450 0.013 40 2620 0.013 4 4350 0.0250 7050 0.0483
D 676 0.003 65 1220 0.004 54 2300 0.0173 3150 0.0317 4990 0.0615
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Tab.9 parameters in formula (10) and formula (11)

®11 BEHMENEZHLE

Tab.11 macroscopic change rate of every parameters

Fil I DR {5 T i e 4 s A AR A L ds KSR %
e TR

/kPa a b R’ A B R? /mm K K, P Ap
100 -1.014 842829 0.190 -4214 0.005 0.554 B 44 4430 177420 37370 344737

c 155 11.0760 43548y 54150  60.464T
300 2682 1781915 0428 -9.391  0.006 0.045

D 223 20886  65.484) 77774 67.513T
800 5763 3467.618 0518 2500 0.011  0.667 T RORGE R T FROR RN
1600 -12.135 5883.480 0.746  4.718 0.020 0.880 4 éé—f yﬁ
3200 -20.056 9552964 0.805  1.006 0.037 0.920 SRR RS IRL . SN SRS =

3.3 MH-ik E-BRESHR TR M
X35 -5k E-B AR I3 Bt - A1 WS ) AR i
12 R R 5 WA RIS MG & 7, 8] 8 Hh AN [e]
GO HE AR BUE AU ZE R, RS R -5K E-
BIEMIZHL, WA 10,
F10 FERETHIBE-K E-BERESH
Tab.10 Duncan-Chang E-B model parameters of

different gradations

P
G

A 25 1580 0356 0.642 620 0.120 51.49 11.02

ds, K n Ry Ky m p/(°) Apl(°)

B 44 1510 0355 0.643 510 0.121 49.56 14.82

C 155 1405 0355 0.641 350 0.122 48.70 17.69

D 223 1250 0356 0.642 214 0.121 4848 18.47
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K=-1.499d+1603.852 R*=0.961, (12)
K,=—1.874d+632.872 R*=0.970,  (13)
0,=-0.012d+50.934 R*=0.711, (14)
BEE R, Ap BRI K Ay ZE L,
HAWE KRN
Ap=0.033d+11.860 R*=0.821, (15)
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