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Comparison of Modelling Characteristics of Distinct Element Analysis Based on
Implicit and Explicit Algorithm

Chang-Ha Ryu

ABSTRACT The distinct element method has been effectively applied to the analysis of stability and behavior of jointed
rock masses. In this paper the modelling characteristics of different types of distinct element model were investigated. Arch
tunnel examples were chosen to compare the calculation results of two computer codes, NURBM and CBLOCK, where the
former is based on implicit algorithm, and the other on explicit one. CBLLOCK calculations show that joint properties are
very important parameters in the stability analysis and that the joint stiffness ratio associated with joint configuration could
be used as an indicator, whereas NURBM differ from that. Some other disagreements were also identified.
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k,B = spring and dashpot constant
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Fig. 4. Examples of arch tunnel.

Table 1. Model parameters.

COMMON PARAMETERS :
Density (r) 2.0 glem’
Friction Coefficient(ti) 0.5
Gravity (G,) 1,000 cm/s”
JOINT PROPERTIES :
CASE 11 K, /K= 320
Normal Stiffness (K,) 32 GPa/cm
Shear Stiffness (K;) 0.1 GPa/cm
CASE J2 K, /K= 320
Normal Stiffness (K,) 320 MPa/cm
Shear Stiffness (K,) 1.0 MPa/cm
CASE 13 K./K=1
Normal Stiffness (K,) 32 GPa/cm
Shear Stiffness (K,) 32 GPa/cm
CASE J4 K,/K=1
Normal Stiffness (K,) 320 MPa/cm
Shear Stiffness (K,) 320 MPa/cm
LOADING CONDITION :
CASE L1 Two abutments are fixed in all direction
CASE L2 Left abutment is fixed and load is applied

to the other: F,= 1.6 Gdynes
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Table 2. Model parameters for transient analysis.

MATERIAL PROPERTIES :

DENSITY (p) 2.0 glem’
GRAVITY (G,) 1,000 cmy/s”
FRICTION COEFFICIENT (1) 0.5
FRICTION ANGLE () 26.6°
NORMAL STIFFNESS (K,) 3.2 GPa/cm
SHEAR STIFFNESS (K,) 10 MPa/em
FOR ABUTMENT: K,=3.2 GPa/cm
K,=0, u=0
LOADING CONDITION :
P(t)=-1/2 p gd’- A sina t 0< t< 2T
12 ped t= 2T

172 p gd’ = 160 Mdynes
A = 80 Mdynes

0 = 1380 rad/s

T =0.0045 sec
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Fig. 6. Result of CBLOCK calculation for P1.
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Table 3. Effects of joint configuration(Joint property : J1)
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Table 4. Effects of joint configuration(Joint property : J3)

LOADING L1 L2

CONDITION

JOINT P1 P2 P1 P2

CONFIGURATION

CBLOCK

SLIDING YES YES YES YES

TENSION YES YES YES YES

(T3) (T3) (T3) (T4)

NURBM

SLIDING YES YES YES YES
0.01) 005) (005 (00D

TENSION YES YES YES YES

(T3) (T3) (T2) (1Y)

LOADING L1 L2

CONDITION

JOINT P1 P2 P1 P2

CONFIGURATION

CBLOCK

SLIDING" NO NO NO NO

TENSION NO NO NO NO

NURBM

SLIDING NO NO NO NO
2757  (236) (1.78) (1.55)

TENSION YES YES YES YES

TH” (T2 (T1) (T2)

1)Sliding means that shear failure of joint occurs.

2)The number indicates factor of safety defined as the
ratio of given friction coefficient to calculated friction
coefficient to prevent sliding.

3)The notation means following conditions ;
T1: local tensile failure zone<half length of joint
T2: local tensile failure zone>half length of joint
T3: complete joint separation but no roof fall
T4: complete joint separation and roof fatl
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Table 5. Effects of loading condition

JOINT P1 P2
CONFIGURATION
JOINT J1 13 J1 33
PROPERTY '
CBLOCK
SLIDING L1: NO YES NO YES
L2 NO YES NO YES
TENSION L1: NO YES NO YES
(T3) (T3)
L2: NO YES NO YES
(T3) (T4)
NURBM
SLIDING Li: NO YBS NO YES
(275 (001 (2.36) (0.05)
L2 NO YES NO YES
(1.78)  (0.05) (155 (0.07)
TENSION Lt : YES YES YES YES
(TH  (T3) (T2) (T3
L2: YES YES YES YES

(Th (2) (T2) (T
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Table 6. Effects of joint properties.

LOADING L1 L2

CONDITION

JOINT P1 P2 P1 P2

CONFIGURATION

CBLOCK

SLIDING J1: NO NO NO NO
J3: YES YES YES YES

TENSION J: NO NO NO NO

J3: YES YES YES YES
(T3) (T3) (T3) (T4)

NURBM
SLIDING Jl: NO NO NO NO
Q75 (36) (178) (L55)
J3: YES YES YES YES
©O01) (0.05) (0.05) (0.07)
TENSION JI:  YES YES YES YES

(TH (T2) (T (T
L2: YES YES YES YES
(T3) (I3 (T2 (12

Table 7. Effects of joint properties.

LOADING COND. L1 &P2 L1 &Pl

JOINT CONFIG.

JOINT n 7 13 ¥4

PROPERTY

CBLOCK

SLIDING NO NO  YES YES

TENSION NO NO  YES YES

(T3) (T3

NURBM

SLIDING NO NO  YES YES
(288) (28%) (0.01) (0.01)

TENSION YES YES YES YES

(T2 (T2) (T3) (T3)
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