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Table 1  Mechanical properties of rock and
shotcrete adapted in this study

Unit  Rock

Discon-  Shotcrete

tinuity  soft

hard

Young’s modulus t/m*  1.0E6

Cohesion t/m* 300
Friction angle degree 35
Poisson’s ratio - 0.25

Tensile strength t/m*> 150
Unit weight t/m* 25

- 50E4 1.5E5

150 -
3H -

Area m’ - - 012 012
16
3 -
£ _
£ 14—
o
£
e -
8
2
€ 12
k3
[=3
: 4
__E‘
1 2

3
Mechanical oroperties of discontinuitv (CASE)

Fig. 2 Roof lowering of
opening (K=1.0)

the circular

0

Dip angle 30

Distance

Deformation

Sm

10mm

Continuum Model

Continuum Joint Model
¢ Cemcr 5w (Dn apgle 30, CAGE 1)

9 Defcrmetion Smm

Fig. 1 Deformation and yield zone of the
circular opening (K=1.0)

Convergence (mm)

Fig. 3 Convergence of the circular opening

20

i

1 2 3
Mechanical properties of discontinuity (CASE)

measured along line 1 (K=1.0)

0

Dip angle 30

Distance

Deformation

5m

10mm

Fig. 4 Deformation of the horse-shoe shaped opening for different
mechanical properties of discontinuity (K=1.0)
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Roof lowering (mm)

2
Load step

Fig. 5 Roof lowering of the circular
opening (CASE 3, K=1.0)

0.0

Roof lowering (mm)

(]

2.0 ,

w -

2
toad step

Fig. 7 Roof lowering of the horse-shoe
shaped opening (CASE 3, K=1.0)

0.0 |

-0.5 —

-1.0 —

1.5 —f

Roof lowering (mm)
1

2.0 ~

25 T T T T T T T T T 1
6 9
Radius of curvature {m)
Fig. 9 Roof lowering vs. the radius of

curvature for different opening
shapes (CASE 3, K=1.0)

Radial displacement (mm)

0.0 T

Load step

Fig. 6 Radial displacement of the circular
opening measured along line O-A
(CASE 3, K=1.0)

Radial displacement (mm)

0.0 T T
1 2 3
Load step

Fig. 8 Radial displacement of the horse-
shoe shaped opening measured along
line O-B (CASE 3, K=1.0)
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3.0 —
20 —

1.0 —

Horizontal displacement (mm)
1

0.0 Y l T l T T
5 10

Radius of curvature (m)

Fig. 10 Horizontal displacement vs. the

radius of curvature for different
opening shapes (CASE 3, K=1.0)
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Roof fowering (mm)

1.0
Initial stress ratio (K)

Fig. 13 Roof lowering of the horse-shoe
shaped opening versus initial
stress ratio (CASE 3)

0.5 10 15 20
Initial stress ratio (K)
Fig. 11  Roof lowering of the circular
opening versus initial stress
ratio (CASE 3)
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E 2.0 -
‘; ———
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H
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Convergence {mm)
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QOreentation of dacontinuity
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boete

T LS
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Initial stress ratio (K)

Fig. 12 Convergence of the circular opening
measured along line 1 versus initial
stress ratio (CASE 3)
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Fig. 14 Convergence of the horse-shoe

shaped opening measured along
line 2 versus initial stress
ratio (CASE 3)



