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Analysis the evolution of friction coefficient of sandstone joint during
sliding process

WANG Laigui' ,ZHAO Guochao',LIU Xiangfeng' ,ZHAO Na',LI Xilin®

(1. College of Mechanics and Engineering , Liaoning Technical University , Fuxin 123000, China ; 2. College of Civil Engineering , Liaoning Technical Universi-
ty, Fuxin 123000, China)

Abstract ; Interior of rock mass,such as sandstone, has joint in general. The sandstone penetrates along joints to form a
slip surface when disturbance by external loading. The sandstone slides along the joint surface,the asperities on the
surface of joints are constantly worn leading to the constant changes of the roughness of the joint surface ,which affects
the sliding stability of sandstone. The reciprocating sliding friction test is performed on the split sandstone joints using
the self-made sliding friction test device. The changes of wear area,wear mass, friction coefficient,and surface rough-

ness are measured through a high-resolution camera, electronic analytical balance ,dynamic strain gauge ,and laser con-
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focal scanning microscope during the sliding process. The results indicate that the sliding process can be divided into
three stages,such as the initial sliding stage, the running-in stage, and the stable sliding stage. In the initial sliding
stage , the initial value of roughness of the sandstone joint surface is relatively large,the wear area is small, and the
wear mass and friction coefficient are large. In the running-in stage,the asperities on the surface of the wear area are
constantly sheared off and ground flat, the decreased trend of surface roughness slows down,the new wear area con-
stantly decreases. The proportion of newly-added wear area in total wear area is still higher than 10% ,and the wear
mass and friction coefficient appear to have a jump phenomenon. In the stable sliding stage, the surface of the wear
zone is matched with the diamond lapping,and the roughness of the wear zone tends to be a stable value. The propor-
tion of newly-added wear area in total wear area is less than 10%. The wear mass and friction coefficient finally tend to
be stable and fluctuate at the surrounding of a stable value. The surface profile of sandstone joints is measured through
the laser confocal scanning microscope,and the root mean square of the profile is chosen to evaluate the joint rough-
ness coefficient. It demonstrates that the joint roughness coefficient is mainly affected by the wear area, while the effect
of local roughness is small for the joint roughness coefficient. The prediction model of the friction coefficient of a sand-
stone joint based on the variable quantity of the wear area is established,and the change of joint roughness coefficient

during the sliding process can be reflected by the model. The estimated value is in good agreement with the test value

when the correction coefficient a=2.5 and the minimum error is 2. 89%.

Key words: friction coefficient;slope slide ;surface roughness ; wear area;joint roughness coefficient
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Fig. 2 Reciprocating sliding friction test device
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Table 1 Wear mass, total wear area rate and surface roughness of wear zone with cycles

— R R S 1 UOH A BER X SREARE B S,/ wm
i/ mg R/ % A B C D S
0 106. 79
1 20.2 10. 89 76. 81 63.75 70. 33 68. 63 69. 88
2 15.3 13.56 47.28 41.56 42.18 34. 46 41.37
3 17.3 16.37 40.34 37.53 36. 82 35.79 37.62
4 16.9 19. 09 35.28 34.45 33.25 32.86 33.96
5 16. 4 21.51 32.07 31.62 31.94 31.73 31.84
6 15.2 23.40 30. 89 30.35 30. 54 30. 78 30. 64
7 15.8 25.08 30. 33 30. 06 30. 12 30.21 30. 18
8 15.2 26. 54 30. 06 29.76 30. 02 29. 64 29.87
9 14. 1 28.17 30.37 30. 04 30. 32 30. 23 30. 24
10 15.3 29. 54 30.25 30.09 30. 19 30. 15 30. 17
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d o

3 rc} 0@
ﬁi} o

I I
5 n (S no L n L3 S\ Ji %Jl
n ?%ﬁn RPN - 12 i ) o -
A 13

20y 74 &5 J4 J4 ‘ 14 ° 3 J4
’ ij]’ o an . “ a1>°. F i
S 35 |15 g 305 % 5 3 15
(a)SBLKIFE G (b)2U0EEN G (c)HE3IFAE (d) B4R alE (e )SHE5IFENE
Il Il J1 J1 % 1
2| A 12 2 2 | /\?\ /‘?f“‘ 12
9 9 A~ 12~ L9
» B 13 13 3 J3
s PRV SSHRTRYC i SRV Y SRR p
PN D SR N B VR 3N IO L O R I N7 S
9 [ [ _J [ _J S :
(D)6 e (g )B7TIRIEENE (h)H8IIT BN ()98l )a (jHrs1ominshs

Ko A IX bt s e fl

Fig. 9 Variation of the wear area with the number of sliding
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Table 2 Root mean square of the profile and the joint roughness coefficient with cycles

I » 14 15 Jhe
W EIREL

ZZ JK(I ZZ ']KC Z2 ']HC Z2 JHC ZZ JKC EF‘i@{ﬁ

0 0.306 5 15.53 0.196 4 9.25 0.213 6 10. 43 0.219 2 10. 80 0.2119 10. 32 11. 26
1 0.3055  15.48  0.1873  8.58 0.197 1 9.30  0.2179  10.72  0.2078  10.05  10.82
2 0.3054 1548  0.1870  8.55 0.1966  9.26  0.2162  10.59  0.2077  10.03  10.78
3 0.304 6 15.43 0.186 0 8. 47 0.189 5 8.74 0.213 4 10. 42 0.207 6 10. 03 10. 62
4 0.300 7 15. 26 0.1858 8. 47 0.1829 8.25 0.213 3 10. 41 0.207 6 10. 03 10. 48
5 0.297 4 15. 10 0.1752 7. 64 0.174 3 7.56 0.213 3 10. 41 0.207 5 10. 02 10. 15
6 0.2973  15.09  0.1748  7.60 0.1735  7.50  0.2133  10.4 0.2076  10.03 10. 12
7 0.279 6 14.23 0.174 3 7.57 0.171 5 7.34 0.188 1 8. 64 0.207 5 10. 02 9.56
8 0.278 9 14. 19 0.174 0 7.54 0.170 3 7.24 0.187 2 8.57 0.207 4 10. 02 9.51
9 0.276 1  14.05  0.1733  7.48 0.1698  7.19  0.1868 854  0.2075  10.02 9.46
10 0.27517 14. 03 0.173 0 7. 46 0.169 4 7.16 0.186 4 8.51 0.207 5 10. 02 9.43
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