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A Study on Distinct Element Modelling of Dilatant Rock Joints

Seok-Bue Chang and Hyun-Koo Moon

ABSTRACT

The behaviour of a jointed rock mass depends mainly on the geometrical and mechanical
properties of joints. The failure mode of a rock mass and kinematics of rock blocks are governed
by the orientation, spacing, and persistence of joints. The mechanical properties such as dilation
angle, shear strength, maximum closure, strength of asperities and friction coefficient play
important roles on the stability and deformation of the rock mass. The normal and shear
behaviour of a joint are coupled due to dilation, and the joint deformation depends also on the
boundary condition such as stress or stiffness conditions. In this paper, the joint constitutive law
including the dilatant behaviour of a joint is numerically modelled using the edge-to-edge
contact logic in distinct element method. Also, presented is the method to quantify the input
parameters used in the joint law. The results from uniaxial compression and direct shear tests
using the numerical model of the single joint were compared to the analytic results from them.
The boundary effect on the behaviour of a joint is verified by comparing the results of direct
shear test under constant stress boundary condition with those under constant stiffness
boundary condition. The numerical model developed is applied to a complex jointed rock mass to
examine its performance and to evaluate the effect of joint dilation on tunnel stability.

1.M B Aele] F35Ho| Ug e F vz g
7} A¥sle] Aele] vlnei o] AxhH#e] FUqle]
AA A 0] AFALANY Fof Ak o] 27 FHAY, FHSHo| £& 75 vbEE ] Fviet A
off ulelsle] $2w 97l whlsl: AL Ao AR A9 JAR Qsle dpel EIEel e Hho]
A (dilatancy)o]g}i s} o|2|dt $ gl e el FARE FEE XA Hot E Aol vjsle] Bl
(dilation)z}t gt B AT el P4 o)t =t A FT SHTES AR AfHoE sl 44
AR AEFAIY oA K7t Zotsle W48 oJv] 9] e AAHAT E715 seiAE 43
e RO g YA vido] 2Y¢ 5 YR A} 2 AL kst Adele] HFFASHE TR
7hghe o= Aelst AM L c.;}g%_)o] A 2 Y% At Ee 2ae SHTE Al E4 el
Aol Zuisl= AR FA A2 B 4 Qo) AR"E F e FAEY 0 £ 3 2A "o
Azle] AL £ (asperity)7+e] ©]mel Azt oI W7ol A, Leichnitz"= Feel WA=
E7)7} 55l Ack(shearinglol] 9Jste] whigh},  F(CNS: constant normal loading)z=71 ]| s§#

X ofe W r\o

* 19953 19 269 F4
D 318, SFsE AU B AT
2) B39, FFtE AR Has



Aol wllsle] FHlFe] Frlske YAFAEA
(CNS : constant normal stiffness)z 7ol 42 2HA
A H g Sste] Aele] wHEAFe] Az Au)
2E gFslolch YutA o g Ao sefsle] &
Aol = FHsFe] YAA A=A
CNLzZ 2 F29akol] A3 sho]efoll s§3uis]
of] ulallsle skFol AlHS AN 2gslo] FHslF
& Aol whe) WaA et FE5EE 4t
ohd sywigle] b sty oiR-Ee] CNL=7
oA whEol A A% CNS9 722 o & AA=7
oz A&xlo] AA= e wal dulHel AejwzlS
Aol W e glct?

M e 4HE ol &3 Aalghite] A A E 9
slo] Al AMH e AnlellA B57he] Wi H3
(edge-edge contact)ol] =% o] 2kr}. Belytschko &
< 3k CoulombA)-E AL8-3lo] Aele) nlAl+E
Asl-gE2) gHAA N vX & 7k Fad Mgz aw
st Aelel HAA o] Halghite] gt Al vlAE
ogekal A elel] nejshe Wl tislod £AIE Al
716kt ool Plesha”v s§3Ale] AeimiA|of £
53R gk o] WS AHgslod sigAde] Akl
o Fagt JekE v g Koy ot whnlg vhre]
A7t ¥k hitelli= A 461717} oi3ich. UDEC”
9} continuously-yielding® Barton-Bandis®.=loll=
A zloll AAJo] EjkE]o] glont Fafe] chedt
AP Y-S Fstod milHeE AA3= o vk of
2ol st

B =FollAdE N esnE o] &3to] Saebst Ama
dei”7} AAIgE WA FAARE AR so] o}
dAelo] it CNL2ZA 9 AHAAY BoHE
44 Azl wlaste] mele] b S AFsl
CNSz713} CNLz7 9| HohAd Ag vlaslo] 3y
Aol SJste] Ak wr) AAZ7 A A UF
shdeh. ek BooodFeld sl melg A
(stochastic) 23] 7§ o] &3t £33t ohibell =%
5 Eldoll H8sto] Aale] s o] eld tg Aol |
2 aate sslatd oz g3k FAloll ik 484
< #rtel] Hoket.

2. WA AMFEQ FHY

Az) gl gt F8lATE Eolo] Saebyt Amadei”

( W

\ % .
actual 1d;:al

»u

(b)
Fig. 1. Shear and dilatant behaviour of a joint.
(a) Idealized shear stress-shear displacement
curve.
(b) Idealized dilation-shear displacement curve.
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Fig. 2. Normalized shear strength-normal stress curves.
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curve.
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Fig. 4. Direct shear tests corresponding to different in
situ boundary conditions (after Leichnitz, 1985).
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Fig. 5. Single joint test model.
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Table 1. Mechanical joint properties for single joint tests.
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Fig. 7. Shear stress-shear displacement curves for
different o, values under CNL condition.
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Fig. 12. Flow diagram for stochastic distinct element
modelling.
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Fig. 13. Stochastic model for distinct element analysis.
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Fig. 14. Displacement vector plots for difereint i, values.

Table 3. Mechanical joint properties for distinct eldment
analyses of a complex tunnel model.

O S, Vo tan ¢ ky; u, uwog
(MPa) (MPa) (mm) (KPa/mm) (mm) (mm) ~°
40 4 1.0 0.36 50 1 3 08

Table 4. Block displacement in tunnel roof with various
initial dilation angle.

Initial Dilation

angle(degree) 5 10 N 2
Displacement 20.18 1251 7.77 4.92
(mm)
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CNL : Constant normal loading
CNS : Constant normal stiffness
k. :Initial joint normal stiffness
Vm : Maximum joint closure

: Normal displacement of joint

u  : Shear displacement of joint
0. : Normal stress of joint

T : Shear stress of joint

7, : Peak shear strength

7. : Residual shear strength

u, : Peak shear displacement

u. : Residual shear displacement
o : Basic friction angle

i : Dilation angle

io : Initial dilation angle

Sr  : Shear strength of joint asperity

Bo : Ratio of residual to peak shear strength
at zero or very low normal stress
(0<Box1)

o; :Intact rock unconfined compressive strength

K  : Applied stiffness at boundary

YF : Resultant force of block

m  : Mass of block

a : Damping constant

g : Gravitational acceleration
dusdt : Velocity of block
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