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An Isoparametric Discrete Joint Element with Joint Surface Degradation

Youn-Kyou Lee and Chung-In Lee

ABSTRACT A discrete joint finite element with joint surface degradation was developed to investigate
the shear behavior of rough rock joint. Isoparametric formulation was used for facilitating the
implementation of the element in existing Finite Element Codes. The elasto-plastic joint deformation
model with the discontinuity constitutive law proposed by Plesha was applied to the element. The
reliability of the developed finite element code was successfully testified through numerical direct shear
tests conducted under both constant normal stress and constant normal displacement conditions. The
result of the numerical direct shear test showed that the code can capture characteristic deformation
features envisaged in the direct shear test of rough rock joint.
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Fig. 1. Isoparametric joint element.
(a) 4-node element, (b) 6-node element.
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direct shear tests.
(a) Constant normal stress condition,
(b) Constant normal displacement condition
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Table 1. Input parameters for numerical direct shear
tests under constant normal stress con-
dition

K, K, b 0 c

100 MPa/m 1000 MPa/m 32° 16° 2000 m/MN
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Fig. 4. Result of numerical direct shear test under

constant normal stress condition.
(a) Shear stress, (b) Dilatancy,
(c) Asperity angle

o4 EAF e Ve Aol g 73
#9lo] IAAE HojFEe Zog Ak A% old &
Z AHaio)] 7FliR = st el o3 e 27 HAE
022 sjo] AXE zholth. AL HPHIHY
AAYE] AP HoFo) £A5Ho| F55F 4R

1 1 1
20H -
:\ Experimental
-~ i
©
& 16 -:
= H
~ ]
§ 1.2 -It
= H
7]
5 08
]
=
”n o=0.962 MPa
04 Kg =6420 MPa/m, Ky, =30000 MPa/m ]
#b=34 5, 2g=31.0, c=350 mMN
0.0 " 1 L I " i A
0 2 4 6 8

shear displacement (mm)

Fig. 5. Shear stress curves obtained from both num-
erical and experimental direct shear test.

ol Mz, eiwe] whE Eol wek SRRl
w2 Mol 98- BolFch

Fig. 5% A8 ARAUAY 2ok 2 adFld 2
A% Tzl iy AsE vz Aelch A4l A
BB e Y $H2Y 224 olE
(1996)0] Q1B Ml S GAAIR 374ekAl el el A7
& Ajolch. H7sk Agel et ofe) 7 AlWAz
Z EAQ Y9l ASH T4 shitg wso]
SAM4 Aseh vzegieh A8F YHAEE Fie
soll Viehd Az} om ol4ES) A¥AA % Az
e olgelsich. AR ANHLZES o 50%
Szoll ¥l 2A QTR Ystel 238 gholtk. 7]
Ropgrhe)e s Fou A Bugel st A
29} opaztg olgelsich. Aelel 7] ARZHaE
ARARE Aol ATt Aol 248
ore SR A K 2 Aelel £F4FE 2]
Agsigich. 98 A5 2L AREel 8
Zoz 349 4 gouz e £l WA
Y 4ol 2 Qe wAX gor] B AFME
30000 MPa/m2 7}Aelsich. HUARAE ol¥:8) 7
Soll 2 Jgg F AelEy EPPFOE FUaE
s 4stsh AYAT ANAES 2 el e
s4e Aol AgHoz ARG 2ol Fig. 59
o % A3ke oh$ FAE Hol 3 glo] & ATl
Akt 2 aso] Mele) AUAF ZAel e &
gobA 0189 & 918 ¢ ek HUHRAE o]
A 5 2efze) Aol YT AR AR of
Foll Ui Astolch. F, ARAG AR 27124




Table 2. Input parameters for numerical direct shear
tests under constant normal displacement
condition

K, K,
5000 MPa/m 10000 MPa/m 32° 16°

o O c
100 m/MN

@

shear stress (MPa)

2 4 6
shear displacement (mm)
Fig. 6. Result of numerical direct shear test under
constant normal displacement condition.
(a) Shear stress, (b) Normal stress,
(c) Asperity angle
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shear test.
(a) Shear stress, (b) Normal stress
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