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Analysis of Deformation Behavior of Underground
Caverns in a Discontinuous Rock Mass Using the
Distinct Element Method
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Abstract

Numerical analysis is important for the design, construction and maintenance of large

caverns. The rock mass contains generally discontinuities such as faults, joints and
fissures The mechamcal behavior and geometric characteristics of these discontinuities

would have a sigmificant impact on the stability of the caverns.

In this research the Distinct Element Method(DEM) was used to analyze the structural
stability of the large cavern The Barton-Bandis Joint Model (B-B JM) was used as a
constitutive model for the joint In addition. two different cases . 1) analysis with a

support system and 2) analysis with no support system, were analyzed to optimize a

support system and to investigate reinforcing effects of a support system. The most
significant parameters of m-situ stress, JRC of n-situ natural jomts. and spatial

distribution characteristics of discontinuities were acquired through field investigation.

Displacement (horizontal, joint shear), maximum joint opening, maximum and minimum

principal stresses, range of relaxed zone, rockbolt axial forces and shotcrete stresses
were calculated at each excavation stage. As a result of analysis the calculated values
proved to be under the allowable value Rockbolts also proved to be an efficient support
measure to control joint shear displacement which had significant effects on extending

the relaxed zone. As a consequence. the structural stability of the cavern was assured

with an appropriate support system.

NUE : BALHY RIEY, HE-UO~ FHud ojggd, FFEY IFY
Keywords : distribution characteristics of discontinuties, Barton-Bandis joint model,

relaxed zone, stability of the cavern
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Table 1 Constants used for calculation of ¢,

T -1
| Cycle ' Cycle | Cycle 1 Cycle
Constant | !
R 2 3 4
R 897 446 641 i 641
-068 | 065 | -065 | -072

A 0296 | -01005| -0 1031 } -01031 |

| . |
B 100086 ~00073 ' ~00074 | 00074

C. | 2241 | 10082 | 1135 | 1135

D, -0245 ' -0230 | 0251 | 0251 |




S

Ml dHFE G HYIled T =8F), A23d A%, 2003
g &

o

Apn—s

Vir Une ‘] closure, u»

normal stresson
N

Fig. 2 Parameters used to calculate normal
stress dunng unload cycle

M2E BN A g, 98 oA Addoh(Fig
2)
Ve B Aoz FEHAT

JCSy

a,y

Vir = [ CI_CZ[ ]zito’(t;
AN, wu, o Fgsel A e Fu) ghaa
Ci, Co @ AAE B e FEH
Q1 % (Table 2)

(8
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Table 3 In-situ stresses acting on tunnel wall of shorter axis direction (N34°E) of powerhouse

Measuring Station [ Station I
point . . X . -
magnitude | magnitude | magnitude | magnitude Note

S (MPa) (MPa) (MPa) (MPa)

tress
oy ~7.143 -7.202 * direction from east to west
Ox -8 344 -7.960 ** N34°E

Normal * _ .

stress Ty -5.802 -5.124 * direction from south to north
gy** -4.601 -4.366 % N34°W
UZ* -5.103 -5.103 -4930 -4.930 * vertical direction
Txy -2.289 -2.358
Tx'y 1479 1.847

Shear Tyz -0.309 -0.251

stress Tv'z’ 0.195 0.404
Tax _0444
Tzx -0.505 0657 -0.576
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Table 4 Results of laboratory test
1 ] o Number of . T
‘ Test item E Unit Station 1 Station II | Mean value |
I il measurement !
Unit weight gr/cm’ 4 2699 2706 | 2702
Water content % 45 | 0231 0184 ‘ 0207
Elastic wave velocity km/sec 45 | 5230 5534 L 2.382 |
Shore hardness - 45 \ 28~101 63~102 4‘ 61~102 E
Uniaxial compressive kef/cm* 5| o 2253 2143 |
[ Young’s modulus x10%kgf/cm’ 45 594 6.06 6.00
Poisson’s ratio - 45 0227 0.221 0224
’ Brazihan test i kef/cm’ 45 133 162 1575
| Trnaxal Cohesion kgf/em’ 45 216 47 | W5
corr.pressive : R _ _ ' o 1
lest | mternal frction ° 5 ©8 w6 W
B 2, _ i ' _ !
Direct shear I Cohlesflont kgf/cm 45 301 : 309 L 305 E
test nternal friction o - ; X !
angle 45 62 i 63 l 63 |
Table 5 Input parameters for rock block
i Deformation Poisson’s ‘ Density Internal friction Cohesion Tensile strength
i mcdulus (MPa) ratio I (10°%kg/m® angle (%) (MPa) (MPa)
\ 23300 0.224 0.0027 59.7 | 227 154 .
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S gged olsd sty AlFzold dExdE 2B A % wHe gdRdAM AAE GFAT
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Table 6 Input parameters for Joint

Input data
Parameter . I :
Joint | Joint .
set #1 | set #2 Joint set #3
Dip ( °) 51 164
Spacing (m) 5 4
Kn (MPa/m)| 63085 | 63055 | o0 -0 E/70°
J m) SE~T70°NW¢]
JKs (MPa/m)| 3562 | 3%62 | Joint set #3&
JRC 7 6 | Az
Z 4l gk
1CS MPa) | 112 | niz | ¥R A
FAoZ2 wAk
Lo (m) 0.06 | 006 soa 4
Phir ( °) 32 32 aHA FE
Sigmac
(MPa) 212 212
(3) Mep29] JHEA
UDECH Z2& Ed&AdMzEs gy AE5H
HAfE EdSH Ggo] SEFY
PR HMo) wigEng BA5HY ol
1EE gute] EXo] aFE ATy YHE

4L Table 73 Zti6l

Table 7 Input parameters of PENTAGON

Deformation | . . |Internal .
odul Poisson's| Density fcti Cohesion
modaulus Triction
tio | (ton/m®) (ton/m”)
(ton/m”) e angle(®)
1,888 400 0.224 2.702 38 663
33 7(IEJ(H°I =4

2 #fyo] 2183 AW HEAY SE2E @ £3
dE EALE 77 Table 8 ¥ Table 99 2}
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Table 8 Input parameters of rock bolt

Unit weight Young's Poisson’s Tension yield Shear stiffness Shear strength
(MN/m®) modulus (MPa) ratio strength (MN) |of grout (MN/m/m)| of grout (MN/m)
765 210,000 0.3 0.177 16000 0.78
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Table 9 Input parameters of shotcrete

Urit weight Young's Poisson’s | Compressive Normal stiffness Shear stiffness
(MN/m®)  Imodulus (MPa)| ratio  |vielding (MN)|of interface (MPa/mm)|of interface (MPa/mm)
0024 21,000 0.2 24 35890 17940
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Table 10 Displacement of each location by construction stage

r Construction | T [ T ( T '

stage 1 2 3 4 5 6 7 8 A=A

| Location i J(

I 1 37.18 39.75 40.05 41.11 4191 43.39 4576 46.02 79.27 |

2 6.32 6.43 1305 13.65 1717 1836 1914 19.96 2186

i 3 6.78 7.01 14.78 15.81 20.61 22.28 23.88 24.85 294

4 1818 19.27 26.98 28.29 31.42 3268 30.18

5 19.96 21.32 29.81 3260 35.19 3752 42.2

6 23.94 25.34 31.2 326 31.2

7 27.2 29.77 354 37.79 | 5086

8 2064 2148 24.89
! 9 | ] 2572 | 2742 | 3655 |
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Table 11 Maximum principal stress (MPa)
Construction No
stage 1 2 3 4 5 6 7 8 Support
Location
Arch of 12.31 12.70 14.50 15.06 16.55 17.37 17.72 18.55 1841
Powerhouse
Left area of 1492 | 1529 | 1432 | 1487 | 1642 | 1725 | 1765 | 1852 | 1819
Powerhouse
Right area of 156 | 1708 | 1457 | 1640 | 2025 | 2224 | 17.30 | 17.89 | 1661
Powerhouse
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Table 12 Comparison of UDEC and
"PENTAGON results

Location| UDEC |PENTAGON
. A 46.02 6)1
Displacements
L 32.68 24
(mm)
R 37.79 25
Shear A 25.07
displacements L 1476 | No solve
(mm) R 21.22
Joint Openi A 23.14
omt Lpening L 834 No solve
(mm)
R 11.87
L A 1855 22.2
Principal stress L 1852 %8
(MPa) - -
R 17.89 23.1
Rock bolt A 1.0 2.6
axial force L 37 43
(ton) R 7.8 39
A 76.6 111.3
Shotcrete stress
2 L 63.6 71.35
(kg/cm®)
R 91.2 63.96

A * Arch of powerhouse
L : Left area of powerhouse
R : Right area of powerhouse
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