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IR AR BE y ASRAIF O ME S, 20 B R 42 B AR AR R fih ) 2% KR | Greenwood
I Williamson i AL 3 THTASE A T 242 g 0y 2 BSR4 45 G i B (EDR A BE LS 2 4y
ANBEFL AR 75 5y PR A B 5 DA RSO, AR SCAB i B 2 T 8 T e Dy = A FEE AT T , (R A
y B TR P AR . SZBR AT DA I A2 AT RS A B 2 AT AB 1 R 45 DK
BOW e, WNEL L BTR. BT AB 5 22 MBSE AC Z IR A BE R v,y Rk iRl 3, e 48
HI87 910y 7~ R4t

HIPE 1 B )2 S ] A 5 B — AP BOHE Ty 88 B U ) 7 SRS B BE 52 B0 JKF-5
I3 7 RIS T AB 1T A4 1E e g RIEESE g, e o™ MRS JSE Y 2 SR SO 35 DR . , ISR
PR R R (FREE ) BESE N, I

fes = (freosy + 7esiny) “uy, (1)
Trcosy = (foup +/siny) . (2)
%ﬁé@ﬁé%ﬁﬂﬁ ﬂg[ﬂ —> motion direction
My + tany
L= 3
Iu’ic 1 — tan 7'#[5 ( )

2(3) A S, AISCR[ 3 ) R — 8.
2 RSO R R DAL

b RS- THT R i — ZR KL F) BE A
Jie QIR MU R HE A ST E A R B TR Y P 5 D Y
qu)%’%lg%iﬁipﬁ( ﬂn lg] 1 1:,:1 E/(J AB E‘) fj’j[: EE :‘L;‘(__[% Fig. 1 Model of friction coefficients with surface asperities
TRLBRR 22 18] B AN W] 2 ) R 4EEAA B, SR [ 10 J AT 5 vy LR A AT B9 0 24 00 i 6 &R I
S D A LS U =2 ) PR ik 56 2R AT SR SR HE BUAAH [ | AN [R] B 2 1 i T 4 X e i
B ShEESEE  WURLZ [N BE A A F P % 3l , L EE S 0 i S A 0 30T J0RE 22 [ A 35 3, 2
SR S AE I R A1 1 SR, B TE R A < BESE AR e, 1 g, FRAN S ORI HE AR IR A
JRE 452 DR R, OB AU B PR 45 AU T IO Z 18] 1 JZ VR 3l e s TR A5 R FIE 42l
WA B EEAEIE R TR], DR, FUREHERR A A R 5 RE Al FHAS RS2,

o A
o o\‘o(;&c‘\e
—> motion direction A

- —— normal of face 4B - - - contact normal of particles
2 BRI PN RUR A S EE R B3 g AR B Y £ 2
TOWL 3 2 R FAb (LURET A= 1)
Fig.2  Micromechanics schematic diagram of Fig.3 Diagram of sliding between two particle
sliding between two particle layers layers and angle change
who rides acrack (hexagonal mode as a example)
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S, A S I R A A 0 — ELARAL, R oI 3 i 6, a6, T 0 IR KA, 6, Wi
1 M 2 PRI

@*ﬁﬁ/‘]ﬁ%f)’??’f?ﬂﬂﬁﬁl Hp Hﬂ‘ﬁét’%ﬁ'ﬂ%jﬁ %%ﬁﬁﬁ%}%ﬂﬂ%ﬁi{%éﬁ( contact normal of
particles ) Fl AB THIFE [, Lt 2 UK 12 fish 12 2 FIEE$52 IHIVA 2R (normal of face AB) T, ET
F1A JEE 452 DR 5l N B D 14 R T BE B DR B e, « BRIE b R B — OB AR AR, W] LR
J2 0 WNWITRAATE 0, A4/ N8 0 iy A, 553l n A I0RL AR AR w2 0 28 fhad R i) Jo i 42
U6, AR — DRI A 0, WSS R b AR R BRI 3 ik £ Xk IO ) B 4 DRV RE e, A

My, + tan 6,

M (4)

"1 -tané, Wy,
FHBUFIE R BEEFEIE N 6, FUF 3 0 Uit FE  SRV-34 5 153101 X BE S8 R B
b g + tan 6,

dé
I 1 —tan 6, -u,,
Ty e (5)

XA 3 TG 72 T 50 R T, AT AR SR Ay 2.0) ~*=#1;=0.05
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SN R A AT BB I 4 R, T £ || oS
LR T P DR, T A B 3997 1 B KB 033
—~— Ui =0.30

ey, I L, 42 A 552 Wi 56 4 =2

IR (S) THRSRFME, T3 5 MR AU Y
0, XN g, THEARIN TR 1 b, 5 Flvi WWHE K
Ay e fij BT 5 A (simple cubic) 75 7 1 (&)
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R/ 473 (pyramid ) | IE PO AT (regular tetrahedral ).
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ﬁ%’ﬁéjﬁ ﬁxfz‘i’}jﬁ M o ﬁﬁbu anEIZi’g I5Ed % A ﬁléE”E 'll%’ Y& surface friction coefficients ug, and
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AL E JE R AEX 5 FEAT , RO ROR, 1X 5 FhHEAR
AR T SF-4 43 A O L R [ HEAASE 2 Aol 2 T A R0 DR 8 e, XS 7 P T A AR ET A TR 3
TEEESE N w,, IR 1 IR,

R ARBHEATT T RN py, (OMARAEERS] A ST 10])

Table 1  The friction coefficients u, of the five types familiar particles arrangements modes

) name of particle decomposition Mg

' arrangement modes ~ angle 6, /(°) 0.05 0.1 0.15 0.20 0.25 0.30

1 simple cubic 0 1 1 1 1 1 1

2 hexagonal 30 0.3312 0.3890 0.4486  0.5101 0.5736  0.639 4

3 complex hexagonal 30 0.3312 0.3890 0.4486  0.5101 0.5736  0.639 4

4 pyramid 45 0.5081  0.5773 0.6505 0.7281  0.8109  0.899 5

5 regular tetrahedral ~35* 0.3857  0.4464  0.5094  0.5750 0.6433  0.7146
the sum and average (i, 0.4516  0.4921 0.5337  0.5765 0.6206  0.666 0

=35 iR e, = aresin(V3/3) HEEE.
Note: * The =35’ come from the decomposition angle §, = arcsin(+3/3).



212 Ko BFEMm S Bk BEE FEHE B O AR

X5 Fhvry WATOREHEA 7 X L BIARMER R | A< SCLATET B IIRIAE A S4Bl D00 SRAS A i B8 452

BRI AB THIEEE A RIS 250 R
M =1.268 3 x . +0.254 1. (6)

X T 50 ~ 8OFESEAA RN Y BEE N, , oy, REVTE 0.35 ~0.45 Z[6], IR 201 4w 1 BE
FERE AT RE/NT 0. 35, BV AR H 61 19 48 Tt — A ke, UEBH TR 1% AB T B8 52 M 4L
AL R, B SCH BRI T LB AR RBOY B R FET T R o R BE 3 PR B, 2 8L By
—EF G T AR K. RS S — e B, POk 2 [ A B 2 0k &3 M ) 6, X
AR, T BT T SCHY MR AR

I DAL PR A AT AT 0 A D A EERE DB 3 R, B 1 R b bk T FEE 4 DR 4K
M, —HEAE0.08 ~0. 14 Z[H], AP KL P4 R A2, — e 28 08 K5 56 2 o 8O T
(AB 1) BERRIREL w,, , LABURLER 16 20 %) Ik i A8 Ak o LR BB 2, 56 3 G0k R iR} A 2 808
PEE . 3% 3 AR 3 AR RI A B R TSR AU AN ], A R B4 RSO A D
IR THI PEE A5 DRBR o, B 1 22 0ek J5 AR 2 08 R TG TS B A 118 7 W 2 DR B3 s,
3 PRk MR AR AR

SEBR 0k 2 R] i, AN BE ] B R HE R G F AR A o R A 0, HGREI T /MA
JEARVIED Rk, SIEBR A BE SRS T 6, B 0 Z (B 43 A, 8 ORI EERWILG 1 0, , 000 6, > 6, > 0. AN
[ A 2 (] 3R 3] )« FRIS A A 7 0, MIMER AT & I oA, (B BRI 3 ~ 0, 1E MR IES 5
AR 95% I LA, W 75% 1) A s R B Fa o A B ER 0, . ARG IES 04 4% ,95%
FT5% 4357 25 5 A A3 302 0. 675 A1 1.642 5 ,0.675/1.642 5=0.411 R

6, =0.4116. . (7)

B 5 FhHEATBL AT S AR R MER 20 A, Bt RS A 0. 411 550 R, W2 R IL AN

(i) A0 2 T P9 P A2 DRV Ky, XS IZ P S ARHET AR THT BEE BE A RIS . ANER 2 TR
F2 RFHATIT T BB, (BRI ) (S50 8RS 1 SCHR[10])

Table 2 The friction coefficients ug, of the five types familiar particles arrangements modes ( probability model)

) name of particle decomposition M,

' arrangement modes angle 6, /(°) 0.05 0.1 0.15 0.20 0.25 0.30

1 simple cubic 0 1 1 1 1 1 1

2 hexagonal 30 0.165 6 0.218 8 0.2727 0.327 4 0.3830 0.439 5

3 complex hexagonal 30 0.165 6 0.218 8 0.2727 0.327 4 0.3830 0.439 5

4 pyramid 45 0.218 8 0.272 7 0.327 4 0.3830 0.4395 0.546 4

5 regular tetrahedral =~35" 0.1880 0.242 4 0.297 7 0.354 1 0.4116 0.470 4
the sum and average ft. 0.1615 0.2152 0.269 8 0.3252 0.3816 0.439 1

=35 MBS 0, = arcsin(V3/3) AL,
Note: * The =35’ come from the decomposition angle §, = arcsin(+/3/3).
12 2 345 AB T BE #52 R ECR D RLEE 45 IR K 2 TR S 2290 0C 28, AN R =
My = 1,110 3u,, + 0. 104 4, (8)
XTT 50 ~ 8° YRR T FLEESBE Ay , e ad MERALAL B | BRI IR B, 7E.0.2 ~0.27 Z[H], I
G JE A RE G T 1T 118 o/ N R 8 DR B3 A 23T 50 2 ~ 0. 27 22 1) g JEE $8 PRI 5 2 s =22 i) B 4 5 30
49,0, 3 LA AR BE 452 RSO LADA Sy hOMLURES TR0 A9 2 00 R A oy 8 ). oS ) - 24 3 3
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Fig.5 Diagram of the relationship between i, and ;.
with inclination of y angle
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K, UREL A8 HE A A 2 B0 20 AR XN AR 2 A RUE R REUME RO T , B —
JEE A 28k 7 A — YRR AR, - UCRCR BN 1 RiF i R AR, 480 22 RTBOK , EE 5 TN 2K
BB, mT AR (8 ) AT Al ph 24 N ke R ORI EE R R
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. =T v, 9
,uf(t(ﬁl) 1 - tan ’y.Mf('i ( )

3 (9) HZMHLER T B 3 bt 2R B9 BORYE R, S te 2 i 2 AR 52 4419, 1T Al g

WA () M2 R BYBRAEH. IAFTE 2P0 R RTHE T, W H S 42 fil T 9 2 802 fi o R 7R

R ZRHE A FRHE A | T3 A H 7505 73 P BB A FUABE T 22 110 JOUHL i ) i EE AR R RO 1

SR DAL, HL R DR A AR DG 7 6. Prandil-Tomlinson AL P\ Ay A S — AN Wy i b 452 4
RS RIEHIN T F RO E SR S B S v, W27 2
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SR TV T AT WS B 5 PRI A B — A2 WA RS Bl AR 2 — 1 A
A JET IR 20 14 7 . S ARG e Fr) 4 SIS AR T A IR 1 T T 4 0 50 PR 458 1Y OC R R A 221 e AR 22 JEE
PRI G , (FUR TR R IR R, 058 82 DR JSORI 22 b ) 5 0600 S 13 T 450 0 42 fk
R IF) (R PEAE ES ) R 850 T 48 000 ) AR 22 1) 5 B R TN O, AL 2 B 2 b ik A 1) 6,
AT, LASE S i N7 g 8 0 AR o s AR, A SRy B Sl #EE 45 R S i ) S BRI 4
0y, RTELHE S X BRI A 6, , JF HA
0, >0, >0, >0. (11)

L) PR BRI AR A 1) 22 S 2 15 B 42 DR RO T 0 R 482 PR 5 ) Bt PR 22— ™ s L U, e e
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Three Levels Friction Coefficients of Cracks and
Their Influencing Factors—Taking the Sandstone
(Particle Packing Layers) as an Example

GUAN Cheng-yao', QI Jia-fu', QIU Nan-sheng', ZHAO Guo-chun’,
LI Chun-lei’, YANG Qiao', BAI Xiang-dong®

(1. State Key Laboratory of Petroleum Resources and Prospecting,
China University of Petroleum , Beijing 102249, P. R. China;
2. College of Geosciences and Resources , China University of

Geosciences, Beijing 100083, P. R. China;
3. Department of Asia-Pacific E & P, Research Institute of Petroleum
Exploration & Development, Beijing 100083, P. R. China;
4. Institute of Disaster Prevention Science and Technology, Sanhe,
Hebei 065201, P. R. China)

Abstract: To build a friction factors model of friction surface and dividing the friction factors
into three levels, there were respectively the friction coefficients of surfaces of sand particles,
average friction coefficient of asperities inclined plane, rocks surfaces ( or macroscopic crack).
The coupling of three levels the friction factors was the key determinants of the practical fric-
tion coefficient. The friction coefficient of rocks was from the friction factors of surfaces of
sand particles and was amplified by the later two levels. And the self-similar series asperities
themselves can amplify friction coefficients many times. The average angle of asperities inclined
plane or fractal dimension is the key influencing factors and the key reason of the differentia-
tion. The influencing factors of arrangements of particles are smaller relatively. The static fric-
tion coefficient is bigger than coefficient of the sliding friction caused by the average contact an-

gle.

Key words: sandstone; sand particles; friction factor; levels; series asperities; amplifying ac-

tion



