TUNNEL & UNDERGROUND Vol. 12, No. 4, 2002, pp. 291-303
I. of Korean Society for Rock Mech.

a3 Ajshazt, S=UdntEEs|
Vol. 12, No. 4, 2002, pp. 291~303

S XS0 ghet 21+t
o), omer

The Hydro-mechanical Analysis of Jointed Rock Mass Around the
Underground Oil & Gas Storage Cavern

Hyun-Ick Jang and Chung-In Lee

Abstract. In this study, three-dimensional block generation program was developed using the discontinuities input
data for three-dimensional mechanical and hydro-mechanical analysis. Shi's two dimensional theory and program
was extended to those of three-dimension and the deformations of blocks were calculated. The two-dimensional
hyro-mechanical theory of DDA was also extended to three-dimensional theory and coupling deformation of the
underground cavern was analyzed considering discontinuities.
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Input properties of discontinuities
(coordinate of center point, radius and normal vector )

| Check whether discontinuities intersect others or not |

l Save intersection lines and points —|
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I Generate two-dimensional blocks on discontinuity |
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|

l Generate three-dimensional blocks l

Fig. 1. Flow chart of three-dimensional block generation
process.
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Fig. 2. Discontinuities for three-dimensional block generation.
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Fig. 4. An example showing the generation of two-dimensional
blocks.
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Table 2. Input parameters for toppling analysis.

Stiffness of spring 10 GN/m
Unit weight 2.7 ton/m’
Young’s modulus 10 GPa
Initial time step 0.01 sec
Total step 2000
Poisson’s ratio 0.24
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(e) after 120 seconds

Fig. 10. Deformed blocks in toppling blocks.
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Fig. 11. Stability analysis of toppling blocks.
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Fig. 12. Discontinuities for hydro-mechanical stability analysis.

Table 3. Input parameters for hydro-mechanical analysis.

OIS 218 % 4 Qa1 Bek 2 2wl ohd . :
Zrol A sl z7o] WakA] ekom obdE A Stiffness of Spring 10 GN/m
- = it weight 2.7 ton/m’
2 A% $42 Rl o
Stiffness of block 10 GPa
42 $a-H5lE ASEE MK Initial aperture 0.01 mm
aasa] ARG E3 dojF 7+ @@4 LE Zho B Initial time step 0.01 sec
Zo] wgsjilof olgstol Selsju st sz Total step 2000
o] Asze o mAklof 3tk o] THL Ak Poisson's ratio 0.24
& B2 Ao YO AR o] 7}4}:% % Friction angle 3
Ao g £89 »Ao ARt FolFgon
Table 4. Properties of input discontinuities for hydro-mechanical analysis (dimension = m).
No. of Plane X of Center | Y of Center| Z of Center | X of Normal|Y of Normal|Z of Normal Radius
1 0 5 5 1 0 0 8
2 10 5 5 1 0 0 8
3 5 0 5 0 1 0 8
4 5 10 5 0 1 0 8
5 5 5 0 0 0 1 8
6 5 5 10 0 0 1 8
7 3 5 5 1 0 0 8
8 6 5 5 1 0 0 8
9 5 3 5 0 1 0 8
10 5 4 5 0 1 0 8
11 5 5 5 0 1 0 8
12 5 6 5 0 1 0 8
13 5 7 5 0 1 0 8
14 5 5 3 0 0 1 8
15 5 5 4 0 0 1 8
16 5 5 5 0 0 1 8
17 5 5 6 0 0 1 8
18 5 5 7 0 0 1 8
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Table 5. Effect of water level (W.L) on the stability of the tunnel.

Water Level (m) Roof Settlement (mm)
0 13.5
10 372
20 87.5
30 127.1
40 253.3
50 457.7
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Fig. 13. Effect of water level on tunnel stability (10 m>x10 m X 10 m).
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