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A Study on the Support System of Large Caverns Under High Initial Stress

Yeonjun Park, Kwangho You, Young Tae Choi and Jai Yong Kim

Abstract A numerical stability analysis was conducted on the large oil storage caverns excavated in a rock mass
under high initial horizontal stress. The behaviors of the surrounding rock mass, rockbolts, and shotcrete were
analyzed and stability of the support members were assessed. For a proper support system design, the effect of
the modelling technique, cavern shape and rockbolt length on the stability of the cavern was investigated. Results
show that installation timing of supports and the change in cavern shape due to step-wise excavation affect the
stress induced in support members. Also found was desperate need for a numerical technique which can properly
reflect the behavior of the steel fiber reinforced shotcrete.
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Table 1. Rock mass class and its proportion by drill core

Rock mass class Q value % in Total length % at Cavern Area
I (very good) over 40 46% 3%

1I (good) 10~40 24% 21%

[ (fair) 4~10 13% 10%

IV (poor) 0.4~4 10% 16%

V (very poor) below 0.4 7% 16%
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Table 2. Inferred input propertics of rock mass

AR Btefl A= iR A3hEEY AR AAH] wt AT

Rock Young's L, Bulk Shear . Friction Tension .
Poisson's Cohesion Density
mass Modulus ratio modulus | modulus (MPa) anlge cut-off e/ K,
class (GPa) (GPa) (GPa) a (deg) Mpay | (k&™)
Hi 21.54 0.26 14.96 8.55 8.8 50 4.2 2,628
v 15.9 0.26 11.04 6.31 7.5 45 3.6 2,628 2.60
\Y% 7.4 0.26 5.14 2.94 4.4 40 2.1 2,628
Table 3. Applied support patterns for different rock classes
Rock mass class 1 v \' Remarks
Ist 6cm 6cm 6cm
Shotcrete thickness 2nd 6cm 6cm 6cm
3rd - 6cm 12cm
4m 2.3m 1.8m 1.2m
Rockbolt Spacing 6m - 1.8m 1.2m longjtudinal spac.l ns
=transverse spacing
9m - 1.8m 1.2m
Table 4. Input parameters for shotcrete
Installation type Parameters Class IIT Class IV Class V
Thickness (m) 0.06 0.06 0.06
Ist Young's modulus (GPa) 5.20 5.20 5.20
Moment of inertia (m®) 1.80E-5 1.80E-5 1.80E-5
) Thickness (m) 0.12 0.12 0.12
'Step-w1'se 2nd Young's modulus (GPa) 10.42 10.42 10.42
installation
Moment of inertia (m*) 1.44E-4 1.44E-4 1.44E-4
Thickness (m) - 0.18 0.24
3rd Young's modulus (GPa) - 12.15 10.40
Moment of inertia (m*) - 4.86E-4 1.15E-3
Thickness (m) 0.12 0.18 0.24
imul
Simultaneous Young's modulus (GPa) 15.63 15.63 15.63
installation
Moment of inertia (m’) 1.44E-4 4.86E-4 1.15E-3
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Table 5. Properties of rockbolt
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T Diameter Length Bondi Drilling diameter | Pull out resisting force | Young's modulus
ype (mm) (m) onding type (mm) (ton) (GPa)
SD 40 25 4, 6,9 Fully grouted 38 10 210

A7 %(sbond, bond strength), Y=L} =( ¥, com-
pressive yield strength), 2133}E7}=( ¥, tensile yield
strength) 3b& 413 7702 Ukl Zgsigict
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Fig. 1. Model Geometry
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Table 6. Applied stress relaxation factors

Rock mass class III

- Step 1 : Face excavation 1 60%
- Step 2 : First shotcrete installation : 80%
- Step 3 : Rockbolt installation 1 90%
- Step 4 : Second shotcrete installation : 100%
Rock mass class IV & V
- Step 1 : Face excavation 1 60%
- Step 2 : First shotcrete installation : 80%
- Step 3 : Second shotcrete & Rockbolt installation : 90%
- Step 4 : Third shotcrete installation . 100%

Left cavern

N

Right cavern

ah
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7 8

Fig. 2. Excavation Sequence
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Fig. 6. Shotcrete stress distributions of the right cavern at final stage of step-wise excavation when 3 different lengths(4,
6, 9 m) of rockbolts were employed: rock class IV
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Fig. 14. Shotcrete stress distribution of the right cavern at each excavation stage in case of step-wise excavation: 3-layer

shotcrete model, rock class IV, rockbolt length 4m
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Fig. 15. Shotcrete stress distribution of the right cavern in case of full face excavation: radius of curvature of the side

wall 90m, rock class IV, rockbolt length 6m
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Fig. 16. Shotcrete stress distribution of the right cavern in case of step-wise excavation: radius of curvature of the side
wall 90 m, rock class IV, rockbolt length 6 m

Table 8. Maximum and minimum stress for different radius of curvature of the side wall
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( kef/cm?) ( kafl cm®)
40m 71.67 -3.82
50m 61.00 -4.32
60m 58.77 -4.67
70m 56.05 -4.86
90m 52.10 -5.20
© 47.60 -6.24
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