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A Study on the Numerical Modeling Criteria for Underground
Openings
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The purpose of this study is to propose the numerical modelling criteria for underground
opening, rock mass continuum is regarded as homogeneous rock behaved linear elastic. The
results of this study are summarized as follows:

- Boundaries of the finite element mesh should be located at least 6 radii away from
the center of the opening.

- For circular openings, tension only developed when K; was less than one-fourth.
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As the matio of initial horizontal to vertical stress increased, the inward springline

movement increased and the inward crown movement decreased.

- The displacement patterns developing for opening I shaped horse-shoe and opening II

shaped powerstation are similar to those for circular openings. For both type opening I

and opening II, stress concentrations develop at the intersection of the wall and floor.

Greater stress concentrations are found for the type opening IL
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Fig. 6 Finite Element Mesh

Table 1. Material Properties

Value
Elasiéic Modulus 459
(x10° t/m®)
Poisson’s Ratio 0.22
Density (t/m") 2.69
o Number of Nodes : 313
o Number of Elements : 288
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Table 2. The maximum principal stresses along the

face of a circular opening varying initial stresses
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The maximum principal stresses
(t/m®)
Ko=00| 1/6 1/4 10 2.0
A [-1862 |-40.82 |-21.30 [-29.11 |-3842
B 2313 | -7.66 |-11.22 |-29.11 |-4037
C 128120 (11160 | 29.20 |-29.11 |-47.88

Table 3. The horizontal displacements along the face of
a circular opening varying initial stresses

The horizontal displacements

(x 10 m)
Ko=00| 1/6 1/4 10 2.0
A 4888 | 2416 | 1.188 |-9913 [-24.714
B 3446 | 1.700 | 0.832 |-7.010 (-17.465
C 0.000 | 0.000 | 0.000 | 0.000 0.000

Table 4. The vertical displacements along the face of
' a circular opening varying initial stresses

The vertical displacements
(x10*m
Ko=00 | 1/6 1/4 1.0 20
A 0.000 | 0.000( 0.000| 0.000 | 0.000
B |-10.456 | -9.880( -9.594|-7.010 |-3.564
C |-14.801 |-13.990|-13.990|-9.913 |-5.025
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Table 5. The maximum principal stresses along the
face of a opening | varying initial stresses

The maximum principal
stresses(t/m")

Ko=00| 1/4 1.0 2.0

279.1 | 1145 -8.1 -89
227 | -31.3 |-1188 |-1715
-94 | -112 | -165 | -21.2
-49 | -112 | -247 | -342

2508 | -1.0 | -378 | -630
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Table 6. The horizontal displacements along the face
of a opening | varving initial stresses

The horizontal
displacements(x10™m)
K.=0.0 1/4 1.0 2.0
A 0.781 0524 | -0.248| -1.278
B 2.942 0250 | -7.824(-18.589
C 3962 | -0.134 |-12.423 |-28.808
D 2997 | -0.074 | -9.285|-21.567
E 0.000 0.000 0.000 | 0.000

~ Table 7. The vertical displacements along the face of
a opening | varying initial stresses

The vertical
displacements(x10™*m)

K.=0.0 1/4 1.0 2.0
A 15311 | 14570 | 12.348 | 9.385
B 7.006 6.108 | 3412 (-0.182
C -3.087 | -2.914 | -2.398 [-1.709
D -9.774 | -8.854 | -6.093 |-2.413
E | -13934 | -12579 | ~8516 |-3.099
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Table 8. The maximum principal stresses along the
face of a opening Il varying initial siresses

The maximum principal
stresses(t/m2)
K=00| 1/4 10 _2.0
A 3043 | 1576 -8.1 -89
B -28.7 | -825 |-171.3 |(-183.8
o -24 =51 | -12.7 | -19.2
D -30.0 | -398 | -600 | -65.8
E 279.9 45.4 | 237 | -38.0
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Table 9. The horizontal displacements along the face
of a opening Il varying initial stresses
The horizontal
displacements(x10™m)

Ko=00| 1/4 1.0 20

0.765 | 0604 | 0122 -0521
3075 | 0572 | -6.937|-16.948
3.368 | -0.182 |-10.831 |-25.030
4192 | 1362 | -7.126|-18.445
0.000 ) 0.000 | 0.000| 0.000
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Table 10. The vertical displacements along the face of
a opening Il varying initial stresses

The vertical
displacements(x10™*m)

Ko=00 | 1/4 10 20

17.115| 16.598 | 15.080 | 12.981
3943 | 3279.| 1288 | -1.367
~1.277| -1.312 | -1.416 | -1.554
-8.218| -7.743 | -6.318 | -4.418
-15.874 [ -14.801 [-11.583 | -7.292
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