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Abstract

The talus-type medium belongs to neither rock nor soil categories. Different types of talus media
will behave differently subject to either mechanical or explosive excavation. Of the talus media,
the sandy type talus is a typical discontinuous medium. This study investigated the effects of shape
variation on the macro mechanical and deformation properties of sandy talus-type medium using
the element modeling (DEM). The simulation results show that the overall compressive rigidity
decreased with increasing elongation, while the overall strength increased with increasing elon-
gation under the same confining pressure. The sample was compacted more densely as elongation
increased. The compressive increased and it was more difficult for the sample to be compacted.
Nevertheless, the convexity did not show obvious influence on the sample overall strength.

Keywords

Grain Shape, Discrete Element Modeling, Talus-Type Medium, Deformation Characteristics,
Mechanical Behavior

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

AR — AR e LR G, ARV, RAARRER, BWA. iR, 7. RERIKE,
Hisfe 12, HAEZZRH KW, ERELLSEN XM 2, J8 TR RIS ES
o RAWRBEAE T A, AT K, BARRSEHERE S EHUOTZ BORBOTZ 308 T )
S SEAN A o BT A HEARFIARAL, 3 TR H R 7 R R HEAR L S R HE R A TR HEAR
Horp SRR REA R, JUHR R R RIEAHERGE — MR RSN B, R Ak e AR TEAHAIE S5
ROEARE VIR R, VI HEBE— S0

AR ZEIE R Z T, BRI S AR 2V R B 20 m, Dk, Y2 E 0T 1
T 45 il B WL IS B LSRR TR AR S AL, AR BRI IR S8R A 5, B AT 72 [ SR A
Bl AR AR R G DL U SR I S5 HEAT T i 2T [1]-[8] -

Xiao S5 [1E I X E A HEACRITIE T — R AR = b k06, D005 HE AR BT D) A2 rp ROk Al 1
THEAG AR B R B, WF U B A . BER AT BORE M o 45 SR B RORL ) 3 T 4E K FLIE 2 A
S B R R R R SRR [210F TE 1 B A RIURE K /N B T 28 R AL VR Rk B2 052 i, 30 PR A T PO B8
Ji P RAETEARAR R REAT CBR X5, 45 R IR CBR {EBEIEA 4 7 4G KT/, BEREA [ FE Y
FERTMTHG K . RAPRESE B3 7 = A A FER A 24T = A B BT, #RFUBUR RO LD BT BY 56
IR o G5 SRR WIDU AU RS BURE KB MEUOR: KIELE > WV > BEREE > BRE, i
RURLFCAR RN, e P R A, B 0] i ST (R 7 S BE R /D o Guo S5 [4]f FH =4k S5 e
%(DEM)XS & i) S PERURLAT BHEEAT 1 HE KA HEK BT OIS, BF TE LA e, A5 R B sl R 2% )
S PEAEREAR ST IR R 5 8 3 AL . Luo [5] [1UHURREE 1. IR BR LA W4 35 B = A [R) TR 0 JTAE
Foeb I AFEER S, MOURE B BOC M EORS 2IR0R AR b B AT, B, R =4

DOI: 10.12677/ag.2021.118100 1041 HOERAL R


https://doi.org/10.12677/ag.2021.118100
http://creativecommons.org/licenses/by/4.0/

i

TERSEECEIE R ERTR &, BT 7 2 AOARES: ,  UEBH T RIURL IR 2 52 1 A4 7 00 7
N 32 R RARRRUN AR . Yang [9] R e i T ik — 5 1) 5 PR30 R AT S R0 R C I R2 ), 45 TR IRAE 45 7 AHABL
FUT, RS EEASRBCTCR, MAEREHAT, IHFUREEEASBRIIRARACR, HAb
FEILRIN, AHEFLBR LA 64N, 270 B A EL 2 &) 97 e 4 56 25 5 Ak . Tsomokos [LO]AF 5T T itk
TEARANRE £ P Fe O D L ASHE /K BT D) AR 1 (52 mm , A55 FH DUFeoAR [R] T PR AH [ i 1) 35 ST AT A HE K BY D1
5, S5 SR I IG Y RURLLE I8 BIEAE (e . 7 Ji5 B 2 JAR /), TR IR RO 0 HA AR R )82, 10K 2 ik i i
{8 J5 50 5 RREEI N . Keramatikerman 5[ 1148 A i =S R 48 QBT 70 T BOR IR 0 5em, PR BE(R) BREE
(S)FHHLI B (p) it ik = Fh AR FEAR AORDRIORL, - 45 SRR IRERD AR S0 R I T BT, T R ARSI L S
EAIRGET N . Igwe ZE[12]H1 %% T = AR IRERDRE S, (R IRE BT U 58 1 B4R o A X ERD o
SVEReR S, S5 RERMAMFIN KT, F R ra e b A B A T S E AR TREE, 35
ARG, PUBTEREMGE, AA RO EAAERIR 5 & 5 e RS, RSB R A 5 3% .

gi b, WM TR EAR T B T ORI, (B TR eSO RO TR 11 P B AR b R AR ) T e M
ghit, BhzowEaE RGN 1 E AR b BAESUMERRL R A BER S H —, B0 S RO (1 &
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Ratio) fI[UI ™ i C (Convexity). FHH4HK e LA h[10]:

DFmin

AR = W (1)

2 D™ ARER S WUk AN B AR VI AT 26 2 TR F B PR B, DT ™ AR 3R 5 R AN S BR AR DA T 4k 2 TR ) A
KEERS . M B R s N[11]:

. A
Convexity = —— 2
y A+B @)

A A RN LT AR, B MUk [ 56 X 3k i LT T AR, -t m] DAF S0k ™ B 14 TR A -5 R T A
WA . H RIS L ARER AR & m F A, A Luo ZE[51HREGAE NbrES 2, 1 RS IER AR
1 CHANARSEG & 1 FE 2 Fios e

2.2. FRIERR B TAE

FREFITHENAIE 1, R LA B 2 A — A AR AR A RS 0K, ARAH EE T B Ok AR
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RO 4040 A4S B R R SO B 0T BRTR S, DLBILAE B T SRV 38 JE i A R 4 2 TR 4L
, DMER S K2 A8 H BURORL AT R 7 f] A th 12 ORI AN S A

N T TR 25 RERL A . AR NN 1 C M, e it SEHL RIS SO RE, A ot 1 DUk
A, R —ANRURL 1% (clump) (X T 4 AN BURTRIRS S5 # i, A B oA AT A5, W&l 3 Fw.

DOI: 10.12677/ag.2021.118100 1042 HOBRBL2ERT


https://doi.org/10.12677/ag.2021.118100

Cumulative distribution: %

100

80 [

60

40 |

20

0 . (=
0 0.2 0.4 0.6 0.8 1

Aspect Ratio

Figure 1. Cumulative distribution of shape parameter AR
for Fujian sand
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Figure 2. Cumulative distribution of shape parameter C
for Fujian sand
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Figure 3. lllustration of the four-grain model
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Figure 4. The five grain shape parameters used in the calibration
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Table 1. Summary of the grain shape parameters

=1 BRBTRSELE

) AR c r

ARIC1 0.572 0.95 0.286
AR2C1 0.70 0.95 0.276
AR4CL 0.85 0.95 0.275
AR6C1 1.0 0.95 0.29
AR2C2 0.7 0.97 0.302
AR4C?2 0.85 0.97 0.301
AR6C2 1.0 0.97 0317
AR2C3 0.7 0.99 0.35
ARA4C3 0.85 0.99 0.346
AR5C3 0.92 0.99 0.355
AR6C3 10 0.99 0.363
AR3C4 0.77 0.996 0.385
ARA4C4 0.85 0.996 0.385
AR5C4 0.92 0.996 0.39
AR6C4 1.0 0.996 0.40

N @ D)

\ \\&%//

(8) AR=0.7,C=0. 99, r=0.35 (b) AR =0.7,C = 0.97, r = 0.302 () AR=0.7,C=0.95,r=0.276

(d) AR =0.85,C=0.99,r=0.346

AN
D)

(g) AR = 1.0,C = 0.99, r = 0.363 () AR = 1.0, C = 0.97, r = 0.317 (i) AR = 1.0, C=0.95,r=0.29

Figure 5. Grain shape adopted in the parametric sensitivity study
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Figure 6. lllustration of the linear contact model
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Figure 7. Cumulative distribution curve of the AR
parameter
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Figure 8. The generated model in PFC2D
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Table 2. Non-calibratable parameters
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2 e
Bk % ¥ (kg/m®) 2640
HIgH LR 0.2
[#5] 245 [ & (kPay) 500
JE453HE R (m/s) 0.1
380~468  (20%)
468~521  (20%)
BORLRL AR (um) 521~568  (20%)
568~623  (20%)
623~749  (20%)
Table 3. Calibratable parameters
= 3. AR ESHE
ZH HiE
SR 14 WL E (Pa) 2e9
SURLY) ) W1 FE (Pa) 1.333¢e9
SIURLE 1 2 5 0.5
SIURL 4 5 R 8 A 8 0.5
FURLRE e 0.5
A W1 (Pa) lel2
Bl R i R KL 0
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Figure 9. The calibrated deviatoric stress-axial strain curve
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Figure 10. The calibrated volumetric strain-axial strain curve
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Figure 11. The calibrated test failure envelope
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Figure 12. At C = 0.996 (a) deviatoric stress-axial strain curve; (b) volumetric strain-axial strain curve

& 12.C=0.996 Bf(a) MMALF] - B Sz ZERMERE]; (D) (AFRIZEE - HhIa) R A HEZE R

1200 [ 257
1000 - 5 P
800 1 _
Gl N 15¢
2 H
£ 600 5
€ S
400 -
200 03/ — AR2C2
— AR4C2
) —AR6C2 0 —AR6C2
0 5 10 15 20 25 30 0 5 10 15 20 25 30
17 AR (%) 1 7 A% (%)
(@ (b)
Figure 13. At C = 0.99 (a) deviatoric stress-axial strain curve; (b) volumetric strain-axial strain curve
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Figure 14. At C = 0.97 (a) deviatoric stress-axial strain curve; (b) volumetric strain-axial strain curve
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Figure 15. At C = 0.95 (a) deviatoric stress-axial strain curve; (b) volumetric strain-axial strain curve
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Figure 16. (A) At AR = 0.7: (A-1) deviatoric stress-axial strain curve; (A-2) volumetric strain-axial strain curve; (B) At AR =
0.85: (B-1) deviatoric stress-axial strain curve; (B-2) volumetric strain-axial strain curve; (C) At AR = 1.0: (C-1) deviatoric

stress-axial strain curve; (C-2) volumetric strain-axial strain curve
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Table 4. Internal friction of samples with different grain shape
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