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A Study on the Numerical Analysis of A NATM Tunnel with Consideration
of Construction Procedure and Field Measurement

Choon-Sik Park, Man-Ho Kang

Abstract In order to investigate the tendency of general displacements and behaviors with respect to each construction
process as well as the applicability of numerical analysis schemes, this research has focused on not only analyzing
a variety of field observations made in a NATM tunnel, such as displacement of top and side, stress of shotcrete
and axial strength of rock bolt, but also carrying out a series of numerical analyses. It was established from the
investigation that the 2-dimensional continuum numerical analysis was the one which could more accurately predict
displacement of crown and side in the area of one step excavation (patten, P1-P3), while the 2-dimensional
discontinuum analysis was the most suitable scheme to study that of two step excavation (patten, P4-P6). In addition,
the 2-dimensional continuum analysis enabled to appropriately predict the axial strength of rock bolt and stress
of shotcrete in all the area of the tunnel. Finally, it has been possible to conclude from the study that the
3-dimensional continuum analysis should be applied to inspect the behavior and tendency with respect to each stage
of the construction as well as in the case of joints, such as large turnouts where relaxation loads in both of horizontal
and vertical direction are piled up.

Key words NATM tunnel, Continuum and dis-continuum analysis, Displacement, Shotcrete, Rock-bolt
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7}s3t Barton-Bandis joint Model 5-& A3t 504’“ EAEHO AR, ke BASHY A, k= &
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E 8 Bd&KHAE Hg BEAA
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(HFS Azl | Wk | JRC (";‘3 kn ks (HFS He 2| W4 | IRC (";‘3 kn ks
(MPa) (MPa/mm) (MPa) (MPa/mm)
11 [299/15| 10.1 24410 | 0271 11 | 14148 | 8.4 33.306 | 0.621
1| 12 [276/64] 100 [ 151] 44 | 32| 24280 [0269] 7 | 12 |10875] 8.6 |173] 69 | 33 | 33.386 |0.627
13 |ossie2| 113 26.048 |0.288 13 |274/68 | 9.7 34.058 | 0.663
1 [272023] 82 26.463 | 0.345 1 |20118] 137 79.969 |3.913
2 | 32 [o3wit] 97 |108] 28 | 32 | 27.567 0366| 8 | 12 [030/15] 92 [139] 69 | 33 | 87.637 [3.311
13 [347531] 75 26357 |0.335 13 |29575| 112 82366 |3.566
1 |27223 | 96 33.437 |0.567 11 |20118] 103 70.570 |2.363
3| 32 [o3wi] 10 |166] 31| 32 | 33751 0578] 9 | 12 [o030/15] 9.6 231 69 | 30 | 71.772 [2.298
13 [347531] 79 33350 |0.531 13 [29575| 9.4 72.195 |2.280
1 |034s54| 82 112.565 | 3.880 11 [35823 | 9.4 72.972 |2.468
4 | 12 [133/55] 97 [221] 69 | 31| 103.366 [4.092] 10 | 12 [13924] 80 [197| 67 | 32 | 77537 2337
13 |275M43 | 75 118.803 | 3.784 13 |25726 | 100 71736 |2.526
1 |034s54 | 7.9 157.697 | 6.287 11 [35823 ] 93 33313 | 0.493
5 | 12 [13355] 7.5 |221] 84 | 31 | 162270 [6.200] 11 | 12 [13924 10.8 |106| 34 | 28 | 34.355 |0.524
13 |275M43| 63 178.522 | 5.943 13 |25726| 97 33515 |0.501
1 |28213 ] 105 26353 |0.320 J1 | 068/26 | 87 24766 |0.261
6 152] 69 | 32 12 | 12 |28922] 9.1 [226] 30| 28 | 25.128 |0.265
2| 147171 9.5 25111 10.303 13 | 248068 105 26.702 |0.282
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