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Numerical Evaluation of the Influence of Joint Roughness on the
Deformation Behavior of Jointed Rock Masses

Youn-Kyou Lee

Abstract. The roughness of rock joint is one of the most important parameters in developing the shear resistance
and the tendency of dilation. Due to the damage accumulated with shearing displacement, the roughness angle is
lowered continuously. It is known that dilation, shear strength hardening, and softening are directly related to the
degradation of asperities. Much effort has been directed to incorporate the complicated damage mechanism of
asperities into a constitutive model for rock joints. This study presents an elasto-plastic formulation of joint
behavior including elastic deformability, dilatancy and asperity surface damage. It is postulated that the plastic
portion of incremental displacement can be decomposed into contributions from both sliding along the asperity
surface and damage of asperity. Numerical cyclic shear tests are presented to illustrate the performance of the
derived incremental stress-displacement relation. A laboratory cyclic shear test is also simulated. Numerical
examples reveal that the elasto-plastic joint model is promising.
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Fig. 1. Typical behavior of rock joint in cyclic direct shear
test.
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Fig. 8. Numerical simulation of cyclic shear with varying damage coefficients.
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Fig. 9. Simulation results of real cyclic shear test.

34 AEA FOIHCAIY Wl BAL

2 FriAGA e AHE £ doM feE &
24 FAREE HEakd BAR) Bkt AF7HA) =
ol e §Ag FrAEAE 25 o5y
(1999)2] AFAFAE 2AF thdoz AAsqct. 43
oM I AFTAYARE ol L3 7RSS
1.0 MPaZ F-AA1 7184 Hopd 7} 15 mm= &
o 43]2] F7)|AGFHAE 7151 Table 32 AR
ALE Sl3) o8- YRS E HAET.

AR A7} HAADE Fig. 99 YepIAT A
7 I 0 44 3 WA T2 AlYstae s d st
A A} WA 2 FAG HFS BTy o). A W
A F7)9] 2pol= AR wpgo] FaL AvaS 9} g
7 F23] vl o] gloix& 2214 A 9] JFE X
wd ol zeistA| ekokr] WEo2 waEch =3
SR AR AT D ko) Ao BT FY
g 27 AR7 43 DS HES 2E €l o
Bo} "via werdc), A Agdaels 4 =
(Fig. @)l e AR AGLEEe] 727 zko] JAG
ko] A7) zbe) ¥l Avks A& B 9lem,
AP E5 AA-ge A7 Avkes Ao yeht

e

Table 3. Input parameters for simulation of real cyclic shear
test.

k, k, 9, % c B
1800 MP/m 8000 MPa/m 35"  11I° 8m/MN 03

O

Ack FHVAFHE A2 & RAEY USE B F
Ak FAAGA P A9 A7 B sk Bt
HEEE 9 SR wEel -85 HE s /A
A717] 1L oldmet HBHEL7E 00] HUL W of
L AxS BRFHAAT} k=Y pard 2 st
ARATS} FARE FAMPEFAE L Ut 4
2l e oliAg st ARATe] -9 S AT
Aol AHAEE gEidte] 2op AU sfjdo] AA|
=Hobd A4 32 o 23S A AdAE dE
T AL Ao AR

>

4.9 &

Hejwel Wy L PE S I vIXE 4
99 0239 shiel AW717H ARSI ke
o) weh AR A%l WAE FBL FANYHeR
BKE 5 Qe B FHRDS FEsE. 1A



et AshEt 235

Sfl

ey Rl gel 24uY SR Fed AR
ANE e} BAshe o am HE3 AR717e) A
s Fo ek & J groz PRt v

AHERHE olg 3] BN YWY FRAL F

0:
0]

selgion, E dejne] SNy 3P0 vy
B Ajole) 2448 o) g8 AHTAMYTE 085

A G HAAFERHE Heske Ao w58
AE 7M. $E-HY FEH S s 4
ooz o] o] A M T F2 o AR
oA #AE TR U Hejde] B3I 4 S48
z4ds}7| et W prt =Y HUT

Achage] w2 Hew AF7|e] ¥shrt "ejuel
A viAle FFE TR 2 ANE F ole HAH
Q1 W] FrlHgAlgelel & 4= k. o] ATt

FEE THYHE 249 FE84 Hol o) 2skA
,ole] AFE 9Isjel 43 F71AUA AL AAEA
oW B, 271 ARZ, EFE dEt J3
M AN S oM 1 ARe R TR Yo e
A5 5 AT E UA AP /1SN D 2
$& vimd & mA 4 Y9k 53 Melwe) 3
B & Sl kA Wgshe A0 Vet
o "ed FHuye] Peuw dyde) AaAge
SHgel 2 e)Eith, meby Wgel Helus
o ol A FEPa] MATEo| o|FofA 2 Ytz
FEE refskd ARl dejde] AFaiMAl da A
@71 &4 Aol FastA thFelR o} ke A&

22 olgi\:}.

1 o] Ak delholA sk FEd 9w
& AUAF Y Brohlel A7 T wvish e
FolFol] o9 F71A% By 4ol o}88 5 3
< Aog ArkEr)

K r1r

Lo g

o] B2 1999 AT e A7l
) sle] %) 598 (KRF-99-003-E00555). 878 & A

Qa)74] ko] A=A,

n_)'l_n

Ao

al

#

1. ol<dTF, o]AQl, 1997, e Hgzhe] &4 A8

. ol o144,

. o134,

. Goodman, R. E. and St. John C.,

. Patton, F. D,

. Plesha, M. E.,

. Plesha, M. E,,

. Qui, X.,

. Xiurun, Ge,

A el §Ret, B AsEHErEkE )
2y, 7, 20-30

1998, A3 W) ADAE A e
3 Wy TR, B A BT
=), 8, 234-248

1999, 37145k s15ae) o4 Ael o] o3ty
W 4280 AT AT, ALuithn TS EE

. Dowding, C. H., A. Zubelewicz, K. M. O'Connor and

T. B. Belytschko, 1991, Explicit modeling of dilation,
asperity degradation and cyclic seating of rock joints,
Computers and Geotechnics, 11, 209-227

1977, Finite element
analysis for discontinuous rocks. In Numerical Methods
in Geotechnical Engineering. Ed. by Desai, C. S. and
Christian, U. T., McGraw-Hill.

. Huang, X., 1990, A Laboratory study of the me-

chanical behavior of rock joint, with particular interest
to dilatancy and asperity surface damage, Ph.D. thesis,
University of Wisconsin-Madison

. Hutson, R. W. and C. H. Dowding, 1990, Joint asperity

degradation during cyclic shear, Int. J. Rock Mech.
Min. Sci. & Geomech. Abstr. 27, 109-119

1966, Multiple modes of shear failure
Ist. Cong. ISRM, Lisbon, 1, 509-513
1985, Constitutive modeling of rock
joints with dilation, Proc. 26th US Symp. on Rock
Mechanics, 387-394

1987, Constitutive models for rock
discontinuities with dilatancy and surface degradation.
Int. J. for Num. and Anal. Meth. in Geomech. 11,
345-362

in rock. Proc.

. Plesha, M. E. and B. C. Haimson, 1988, An advanced

model for rock joint behavior: Analytical, experimental
and implemental considerations, Proc. 29th US Symp.
on Rock Mechanics, 119-126

1990, Modeling mechanical behavior of rock
discontinuities, Ph.D. thesis, Unversity of Wisconsin-
Madison

1981, Non-linear analysis of a joint
element and its application in rock engineering, Int.
J. for Num. and Anal, Mech. in Geomech., 5, 229-245

. Zubelewicz, A., K. O'Connor, C. H. Dowding, T.

Belytschko, and M. Plesha, 1987, A constitutive model
for the cyclic behavior of dilatant joints, Proc. 2nd
Int. Conf. Constitutive Laws for Engineering
Materials, Tucson, Arizona, 1137-1144



236 o] @ 3 : WeJHe) ALY Sl Helghite] AFe] VX Fuol e XA A7

ol A 7
1987 Mg 8t g AL T8t 7
STA

3A}
1989 Ao st kel AHel38tet 38}
A}

19943 A&k et A F 3} B3
whA}

Tel : 063-469-1864

E-mail : kyoulee@kunsan.ac.kr

) warthstiL o Qzhelh e o8

v, A -] 2=
I 2AF




