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Morphological Characteristics and Roughness Anisotropy of Sandstone

Shear Fracture Surfaces
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Abstract: The morphological characteristics of rock fracture surfaces are key factors affecting their shear slip
failure, and normal stress is an important influencing factor on the morphological characteristics of rock shear
fracture surfaces. To study the influence of normal stress on the morphological characteristics and roughness
anisotropy of sandstone shear fracture surfaces, double—sided shear tests were first carried out on sandstone to obtain
shear fracture surfaces under different normal stresses. Then, the shear fracture surfaces formed in the direct shear

test were scanned using three—dimensional optical scanning. Finally, the sandstone shear fracture surfaces under
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different normal stresses were reconstructed in three dimensions. The influence of normal stress on the roughness
height indexes for the shear fracture surface was analyzed. Based on the anisotropic parameters, the anisotropic
characteristics of sandstone shear fracture surface roughness were studied. The results showed that the expected
value, standard deviation, mean of the roughness height, and maximum roughness difference of the sandstone shear
fracture surface increased with the normal stress. The roughness of the shear fracture surface exhibited significant
anisotropy, decreasing first and then increasing with the increase of the angle between the shear and normal stress
direction. When the normal stress was compressive, the shear fracture surface roughness obtained a minimum value
at an angle of 75° ~ 90° to the shear direction. The range and anisotropy parameters of the roughness of the shear
fracture surface gradually increased with the increase of normal stress, and the anisotropy characteristics of the shear
fracture surface were enhanced. The fractal dimension of the sandstone shear fracture surface was a power function of
the roughness.

Key words: shear fracture surface ; morphological characteristics ;roughness ; anisotropy ; fractal dimension

AR AT 25 X R T ) A BE S5 A B 5R T
ST WA Y U500 B R B A BAT B B
TRy R T SRR LT R T R 5E A%

Barton'"JE T B 3Y LB 4521 , S th 175 EORLKE 2
1 2255 2 ST R S TE A 401 BT 32 % Barton
SRR TORDBE EE A 0 3] 20 (9 10 S Ar il i £k, H
DASE et fifi iR o 7Y BREDHLRE 2, oh 79205 1 i A
R W E B A 1o 2 U A A RS JE
ARk B T IR TR , AR 2 53 R LA 1
BT ) 5k BE A A O R T TR A 5D
Reeves " §i i T —FioRE 5 47 32 T HLRE 2 2 505 95 1)
50 V3 R AR R Y 5 1% L 107 % T LA SR PPAl AT
LTV 2 0 55 U1 B 9 52 Ozvan 25 e i T =
AN TR XA A BE ) A8 1 o R, DAL 17 G 3 A
JEE XA TR JBE 0F B LT 548 88 B9 52 0] Ban 45§ 1 13k
TP BT R RE R FE 2 00 T U {5 U155 JEE A 5
e, I3 i L K B 1k AR 7 2 Y AT SEME Tang
SOV A Y B AR 1) I3 %) B DT B Y
SEMRERT THEST , R ADK DGR A BRIV T =214
RIS 0 5 A0 1 B, IR AT 1 ik 1) i 280 BT D)3t
5, BIF 5 235 R 3 1 B D7) 5 J32 it B R R 52 R fi
JTHIGRTIG R, FFAR T — b 4 1 B 55 1)
SR JBE THCIN I U] Belem 454 HY 40 = 4P 4 M A
6, FULA ) S 1 BE K, B TP A6 B 7, AR T
ISR T 55 5SROk R R ARUE E , I3
T3k B SR TN B IR R 64 ) 2 AT Ok R TR
Yy BE )~ AT 2 45 ) SR AR AL, Zhang 26
M A A A 3D FTENEOR H & T 5 3 U1 A1 1K
FEAAR] AR 8 3O, IR AN R D7 1 AT BT U0

WF5 5 IAN & T A AN [R) 7 1) ) B D) 53 B A7 A . 35 22
5 Huang 55" F 5 $HLT 1F A2 J7 ) (4 DR FE A AR
N SRR AR S HH T 4% ) e e Al A R,
TG BN 1A 8] AT R R, O SR R B RE 8
e A o) S M A R A R HE VT A 2ok vy v AR AR
PLARAT L85 b TRORDAE B2 45 5, W M B e i S B, 4
HE TSR I8 S bR B S B s 46 ) TR RS 35 1 7
FEREHIZ T IR AR T 45 F T 3 4% 1] S P R R
SPRIONERRAE AR S IR AE R T — AR L IR R S
T #5710 T 28 93 A 4 B 325, RS s it 1 LN A A A
SERTHE AURHIE , IR T 00 T8 4E 50 3R o A 4540 Tl
RERE B2 Rp R 2% ) S MR AIE L TR A S S IR 25 A T
B 3447048 7 1) . Babanouri 5518 15 5T P56, BF 5T
B 7Y WA T T T A A e IR = T AR
7 PR B2 1 AR AL R . SRR AR = RO
AR ARG & T 5 A R IE A, 400 75
BT JLART 4R 2 B0 201 LA

RS 5 A 22 T T A AR AE ) BIF S 5 X T
SR RIS, My T R = R R v BE A 3 S R A
PLEYREIR , oA B 5 10 ) AR B 1 ) 2 i AL
Tl SRR AATE 2 DX Ty e HoR Y
PRIXE , AATTRTRL 5T 107 77 T e 22 T P RS B2 SR AIE L 53T
FHE A5 0 SRR S AU B T I, AR S o
ISR E VA S S N = A e (N [ RS |
IO B B DD R, SR i 8 A s A B D) Al
S ST T S HEEA BT TSR N IR R
BT L 1 )T S REAE RDRS 5 BE R AE S 40 R B
AR N2 A ) SRR B2 R0 53 T 4 B0 E 3R 55



ARVRIRLAS - 0 O U0 R4 TR T S50 RF I BHELRS 245 1) S 241

1 KEAR

RIS R FH BORD A B =Wk R IX, B 2T (0, 35
WA S Tyl K b i n MRy @
o UIE] AT 55 TP 0 5 0 T8 60 mmx60 mm x
120 mm P T A RE 306 72 40 Al B he s an &) 1
JIE7R R W D B D) 24T Y SRR AE , B Sl i
LT B U138 56 A5 B AN [R] 3 ) B 7 45440 T 19 85 Y1) 1

,‘\ T—

Z41H , SR J5 R FH Cronos —Z4EYGC2AF O B DAk 24 1f
FHGE T LA ET , AR R B Pt h s B R
1.61 MPa. (K It , 75 FF J& U 8 U561 a1 i g
% ® -0.25 MPa, -0.5 MPa, -0.75 MPa, -1.0 MPa,
—1.25 MPa Fl-1.5 MPa /NP0 37K F- . R %F b 43 B
15 )P g A ) e 0 g 54T 5 D) i SR T 45 [ S
PEFRAE , 5B 9 MPa .6 MPa .3 MPa = /M2 [i] J v /1
ARV BT B 1A T 00 S ™ A= 1% B 1 24 1T A 1
Fis .

w1077 |
; B
B 1 I|

o aE | s
| |
< | B
s < f
<'f

________

H1 RRAAAMMER

Fig.1 Test system and auxiliary devices
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Fig.2 Sample surface spalling and the research scope of

shear fracture surface
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Fig.3 3D reconstruction of shear fracture surface
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Fig.4 Variations of the roughness height indexes for the shear fracture surfaces
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Fig.5 Principle for anisotropy calculation of roughness
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