5518 % 455 ] LiEx5 %3 (8RB ER Vol. 18 No.5
2012 4£ 10 J JOURNAL OF SHANGHAI UNIVERSITY (NATURAL SCIENCE) Oct. 2012

DOI:; 10.3969/j. issn. 1007-2861.2012. 05. 017

BR&T 40 ¥ BT 1 B8 BY BUAL &5 BT 40 WL AR L

wo&', kEE
(1 FHEE AATHR, 1 2000725 2. 1M TR (ST #5437 200065)

FE . DGR R ELhl , 5T — 4R B0k 25 H80C (two dimensional particle flow code, PFC™™ ) 5t~y JERF A7 #E 35 1 36
TR 3 3o AN [R) 2 T LB 23 S R 3 ST I S [ 25 5 B 18 RBORE R, 5 e b RS UL JE ATy B0 3 44 B 330 Ay 41 g -6
R 2R 3 0T FO 0 AT 3 S I 41 B AR 4 ) - A% b 2 0 2 S e, IR0 g 7 B8 360 TE A 59 3K 6 o T J0RE Y 32 3l
e TURL S BTSSR -3 IR S HE ST RR A 7E 1 ol 0 e v S A% O B GE s oh ORI A T 96 B 1 T s
TR fih 3 S 80 2F T 00 A1 5 16 BRIS SEATA IURE R R 0 S8 B, LASURE 12 fik 7 15 7K - 7 o ) A LI BT B, B v
AT DX M . A RS Otk 1T A 5 X 1 e T e B 4 5 1 v 9 2R T ML 9 1 )AL
KEEIR : MERT A7 5 UKL B BT 5 97 1050 5 T 2R

hE4SES: TU413.1 XHkFRERD: A NEHS: 1007-2861(2012)05-0531-07

Mesomechanical Simulation of Push-Shear Tests on
Coal Waste with Particle Flow Code
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2. Shanghai Urban Construction Municipal Engineering ( Group) Co. Ltd. , Shanghai 200065, China)

Abstract: Based on two dimensional particle flow code (PFC™ ), a horizontal push-shear test model of
coal waste is established to simulate the push-shear tests that gangue have different compactness before
and after improvement reflected by different gradation and porosity. The pushing force-displacement curves
of the coal waste specimens are reproduced and verified by the PFC*” model, and the difference in the
curves is analyzed. The law of particle mobilization in push-shear tests is verified from the perspective of
mesomechanics. The results show that the contact force in the model will transmit along the slip surface.
Distribution of contact force after improvement presents inverted crescent-type. Furthermore, the angle
between the direction of contact force and the horizontal in the model after improvement becomes larger,
and the contact force concentrates in a narrower area. The slip surface is also determined in push-shear
tests by means of the displacement vector chart.
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Fig.1 Structure of push-shear test apparatus
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Fig.2 Sketch of PFC* model

S B IVREAR AR BUBURL TS B A L3 A UKL
SR RYLET g, B ] fE ks T 43
B RLE R B UL Y e/ VREAR O 4 mm A7 A%
75 4 mm LT BBRLER Il 4 ~ 10 mm REARIE ],
PR B A 1) UKL 5 AN, A% R A Y [ AL 55
HUNFE 1R, TR iR, FLBUR 5 SLbr =
HENGOLANREST ), R A B THE . 25 BIBEAT £
UL A5 R i Hoomans 2510 11y J ol = 2
FLBR Ay — 4EFLER AR,
83D:1_L(1_82D>3/2’ (1)
w3
K, &3, &0 7000 = HER —HEFLBR AR, L 1A
IR BEATHE ST AT (4 LB O 0. 14, 35 PG B2 R )
FLERAO0. 12, Az il ih BT HE B 150 A 7Y Y MOk
NP 3 s, Hrp R G S Db PUBORL A (5
&1 FRERE T HALERK
Table 1 Particles composition with different gradation
FRARTEE T R S %
4 ~10 10 ~20 20 ~40 40 ~60 60 ~ 150 150 ~300

mm mm =~ mm = mm = mm = mm

fLB AR

0. 14(JAHERT) 27.65 12.03 22.36 18.42 10.79 8.75
0. 12(J8HJ5) 52.61 18.12 17.28 6.45 5.54 0
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Fig.3 PFC’ model of push-shear test
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Table 2 Values of micro parameters in PFC*® model
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ks/(N'mfl) YIaEE 1IE+9 8.5E+7 4.5E+7 1E+9
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Fig.4 Contact stress distribution after specimen preparation
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Fig.5 Specimen after shear failure

2.1.3  HES7-fifs £ il

& 6 Sy i BEHT I BEAT A 4 B 5 A 4 -0 A
26 5 IR IR 25 R XS L. BT LUE AL £ 1)
WA 4FE ) 0 U (B HE ) o500 (0 RS AR AR 3 #2356
BRI 2 e SR B i Bt 46, R 2 L T
SEHEI 4N -1 A 4R TR 2. AR IR B B, A4
2k Sl it 2 FE A B 5 B e B0t 4 bt i e it
LA LT AR =, BARIRZETE 5% LI, X &t T
e PEC" 18R Y 0 0K 2 G 435k IR T T 5 351
I B 25 5. A S b PFC? A5 2 B 45 4 b 45 411
FS B B4 50, R , 0] ISR A PRC?Y fil A
FOL5 XA O A Y EB 1A 17 DL HEA TR AT

HH [ 6 R HE -0 B 2 R 8l 4 BB
O WG B B (OA) |, BLBY B 32 22 Ry JEAT A1 i B¢
AR, AT IETR o REFRBUN 3 F 22 B i )
S 5 A A R T P s A ek R T 5 R Y
@ AT B Bt (AB) |, I8 15 0T A7 0k 1 ik
BRGNSz 2R A 3G G, IR e h 4 bR
K. H TR B HE VRN, Bt LA B ATy
Wb TRt ASTE B B B SREBPEARTE B B (BC) |, BLBY
BT A R w00 % JiC o R T 4 04 R AR
It BB TR 1L, = A4 T — 2 8 PE AR .
HEJJRIBIREASTE R RAE R R, YK HE 3G K, fir
RS S8, i Ze bR AR /N IRFELE KT HE I E R
AT — 201 S HE Ak B B A, i 2
B T B 56 B 0y 240, R BT U IR @ AR R



%54 B 80,5 JRONT A 0 106 A 0K B IO T AR UL 535

10 C
8_
2 of
2,1
® — EHTPFCY
2 —— VB AR
0‘ 1 1 1 1 1 1 1 1 ]
2 4 6 8 10 12 14 16 18 20
A /mm
(a) VA BERTHEBT R
20 C

—— Y EPFC™
—— WE R

I I 1 I 1 1 L L ]
2 4 6 8 10 12 14 16 18 20
A/ mm
(b) YA H 5 BT

6 NGB

Fig.6 Curves of force-displacement
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Fig.7 Contact stress distribution after push-shear test

RRRIAE AN [ ] 254 de KA fih g 1) 22 A 155 L
AN 8 B 7. ph RT3 P PR B A A P A R i
T A HE ST ORI, B R URE R, 1l )
ol I T B AR TR P i R fih g 1 RS, B
J W R ARG AETT A B BE, 1 P B8 75 P 1 42 floh ) 2
IRBERTIY 3.5 47, B0 dy T30 S BERLAL B R AN,
e AU ] (5% I (EURAE SRR B BE, 3 BT
TR DAY A8 R R flh Oy LI BRSSO, X e TR B
T PR A A 7 5 R ) DRI , 17 DA RURL 1) 1 2
RTARABURL , - HL16 PH AT 5 R 1 A5 BV I [y
By iR A2 AN, M B 1 X R BESR.
2.3 MmEHETXERNBERE

TR A7 AN ) H A A Y R 5 ORE RS B A
KGR 1, 8 TR 28 . R HIHE B0 s Hep
SIR HE S RO 2 18 B — A [ R, RIDAS T 9 i S D 4 5
ROV I #4920 T 28T ) 0 2 TR B S 4



536 LiEXFYH (8% B2

%18 &

HESI/KN

4 —e— BT
g e AR

1 1 1 1 1 1

5 10 15 20 25 30
TS5 x 10°2)

8 AEIREHK TR NTL

Fig.8 Contact stress curve in different time steps

AR LA TR OB S K PRC™” T L 45 1y b 4015
S B HOBURL I 57 B S o B 45 R 4, T LA AT SR BURE
iR SRR S HE Y i 4 m

K9 hy PRC* BRI FURL A £5 % i [, K3k A Oy
6 PR HE ALY A 4 Y IR X, X B F B RS
927.02 mm, KA R Ry i 54T X B A5
X, PR R 11,53 mm ;36 30 4 55 AR (1% 4fE 57
IR X R X, C, XS N - B0 4% O 24. 59 mm; X
5D Ry X, P46 F S 10. 95 mm # RN X
B A 55X B W0 R4 IR X NS LY
M) DX K 2 A%, s e X AP ) JOE 457 #% /N 5 mm.

(b) YA B JEPFCOHE T

9 PFCHEFNAIH KX ER
Fig.9 Displacement vector diagram of particle in

PFC?® model

AU H R0 X0 2 e R BT R P, i

AP SRR R /INIE R 3 L, O FLTG B ) 4 5 85 Y
TR X5 5 ) DR R I BT, PRt S AL Y Y B &2
DI T AMRAE R, AR A5 B B A 8 R ) 7R 4R
77 AR TS 4 AR AL P A& DX B R AL S i /N T
TRBERT, X2 TR S O E BB N AR E 2
20U, 1T 240 URE R B2 A8/, OF ELAE AR BY 3 A rh s 4
Ty FESE UKL ] (4 25 B2, [R) Bk R RSURE e AL AR B /N, Jiip
SZAER I /N, RS 20T IA FUS HEBT R R Y A
A H/NALES .
2.4 HEFEZENHEEENZMN

TEMEST RIS b, 5 24 ] T T LA i ) i 6
XPEAEHEATHE BT, {H 2 AN [l g0 11 7 R FH A ] 19 4
SRR Ry T I HE Y AR X BT SR A S, A
X% PFC # )% 4 %1 L 0.5, 1.0, 1.5, 2.0,
3.0 mm/min [ FFE BT HRGHEERT 7 IR SR T A BT, 45
FanE 10 FE 11 g wl IR gE R RN, HES A
4 P U (A ) 5 4 B R A R R IE L G AR W
FHE 3505 I )57 A% 5 4 B 3 A il R e BOC R OB

URE RS by NIT1R WA NS B U R (DreR- (U BT i
25 25
= “%{Eiﬁj]
0F 4\ ¢ B =20
g 15t 115 £
g E
B
m 10} 110 &
& &
s ® 45
0 1 1 | 1 1 1 0
05 1.0 15 20 25 30 35
BT /(mm - min~)
(a) VA B AT HEBYAR Y
30 30
= UEEHES
25+ + fi¥ 425
E 20 * 20
¥
m 15| 115 %
B ; =
10 + 410
*
5 1

1 1 1 1 1 5
00 05 10 15 20 25 30 35
HEBTH A /(mm - min~)
(b) ¥R E SRR R

E 10 EEHEH BHEETEENTL
Fig.10 Variation regularity of peak force and

displacement along push-shear rate



%54 B 80,5 JRONT A 0 106 A 0K B IO T AR UL 537

45 45

40 F ./_/,,-/—' 140

35| 435
£ 30y o R 130 5
&25— = Py REEES —25%
i 20 - 120 &

15 1415
10} / 110
5 1 1 1 1 1 1 5
00 05 10 15 20 25 30 35
HEBTH Z/(mm - min™")

(a) VR HLATHEBY AR
60 60
50| _/-/'/'/J 150
g 4or o BBA 140
e~ &®
R 30} u N EEERA 430 &
ﬁ #h
o / 1% =
10 - 410
0705 10 15 20 25 30 35°

HEBTH A/ (mm - min™)
(b) JAH ) HEBTIRTY
E11 meaEilnsREEmERTL
Fig.11 Variation regularity of push-shear rate and
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