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Assessment of Tunnel Displacement with Weak Zone Orientation
using 3-D Numerical Analysis
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A 3-D numerical analysis was carried out to observe potential effects of orientation of inherent weak zones to
tunnel behaviors and stress distributions during tunnel excavation. Weak zones used for the analysis were placed at
the upper 1D part from crown, on the crown and on the center of face, using orientations derived from the 6th
RMR parameter for assessment of joint orientation effect on tunnel. Mechanical properties of rock mass were
derived through a in-situ displacement measurement-based back analysis. Finally, a classification chart for crown
settlement with five ranks based on orientation and location of weak zones is suggested.
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Table 1. Overburden depths and support types for 3-D numerical models.

Supports

Support type  Overburden depth(m) Fxcavated length (m)

Shotcrete thickness(cm)

Rock bolt
Length (m) Spacing (m)

111 30 20

12 4.0 1.5

Width : 14.4m, Height : 9.2m, Upper half height : 7.0m
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Fig. 1. A mesh diagram for 3-dimensional analysis.
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Fig. 2. Displacements due to excavation of tunnel.
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Fig. 3. Measured crown settlements in type-III rock mass.
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Table 2. Physical and mechanical properties of the rock
mass for 3-D numerical analysis.

Bulk- Shear- Unit . Friction
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modulus modulus  weight (tf/m?) angle

(MPa) (MPa)  (kg/m?) ©)

176.52 111.03 2,440 245 37.7
Ao 8 HMAFA F WFH Sm ol FREY A
HAZ ASHIZ B8t Hakes B8 244 B3
o 57 AL 793 e Al 2edAlge) Hegh
AAFE Table 29 7o) 22t 176.52 MPa, 111.03 MPa
o]t}

3xb F=x|slA]

glofr =2 MF

Qo) e S4o] e 23 5 A 9s 2 &
Qg Bl Astel 33 A RS AP

o s+ F17F 2dee] Avks 718 Rd& s3le
o, slA e 2 Aubgs 274 27 Table 1 2 29}
7 H

o 50) A9 W7} 7152 RMR 93 2R

o)
735, AANE A B, AYF A 1D AFE A
W= 498 s & 20K doRd E3 A9k iy
2dg 2pgsitt. 7zh s mdolre] Aokl Wk Bl
A= Fig 49 7o, (a), (b), (o= 2 E99) &4
woln, (d), (), (e FH=elth (i 2z Bde] At
o ek EXe 2HE Qe Fadsle] VERE Aol

FX8M da 24

Fig. 52 239 dgkow BAe 7 ndd wpy
2lof] me A HNE Vel Zelth Fig S @
U7t RS o TR AJE Auke] 2l uk
ZAekglet efazolnt. Aele] A71= 269 mmelH o] F
AARENE 140mmE A W99 524% siFE T
5 Aokfe] A< model PIME Fig. 5(b)st 2ol
Azl Blde] ATE A 1D(model I-1), At
(model 1-2), Z2H U (model 1-3)F Ak A 2+
7} 46 mm, 66 mm, 51 mme] AT FAFH).

12 X

i



46 QR - Al - A8

Table 3. Assessment of joint orientation effect on tunnel(Bieniawski, 1989).

Strike perpendicular to tunnel axis

Strike parallel to tunnel axis Irrespective of strike

Drive with dip Drive against dip
Dip 45-90° Dip 20°45° Dip 45°-00°  Dip 20°-45°  Dip 20°-45°  Dip 45°-00° Dip 0°-20°
Very Favourable Fair Unfavourable Fair Very Fair
favourable unfavourable

Upyptr 1D from the crown Upper 1D from the crown

(@ (d)

On the crown

(e)

20°
4 20°
w4
11-3) v-3) .3)
On the ter of face | On the center of face
() 1)

Tunnel
Route

(&)

Fig. 4. Orientations and locations of the weak zone on 3D numerical models. (a), (b) and (c) are lateral views, (d), (¢) and (f)
are front views, and (g) is stereographic projection showing poles of weak zone.
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Fig. 5. Crown settlements calculated by 3D numerical analysis.
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Table 4. Summarized results of 3-D numerical analysis with weak zone orientation.

Equivalent strains (u/a, %)

Maximum stress

Model no. Total displacement Pre-displaceme?nt Non-measured displvacement .Measured (tm?)
before excavation after excavation displacement
I-1 0.46 0.23 (50.0%) 0.11 (23.9%) 0.12 (26.1%) 205.77
12 0.66 0.46 (69.7%) 0.08 (12.1%) 0.12 (18.2%) 7727
I3 0.51 0.27 (52.9%) 0.10 (19.6%) 0.14 (27.5%) 201.59
-1 0.50 0.23 (46.0%) 0.15 (30.0%) 0.12 (24.0%) 208.07
II-2 0.57 0.36 (63.2%) 0.10 (17.5%) 0.11 (19.3%) 62.17
11-3 0.46 0.30 (65.2%) 0.07 (15.2%) 0.09 (19.6%) 221.95
-1 0.46 0.23 (50.0%) 0.12 (26.1%) 0.11 (23:9%) 223.08
-2 0.52 0.33 (63.5%) 0.11 (21.2%) 0.08 (15.4%) 91.96
-3 0.45 0.26 (57.8%) 0.10 (22.2%) 0.09 (20.0%) 214.94
Iv-1 0.47 0.24 (51.1%) 0.13 (27.7%) 0.10 (21.3%) 213.65
V-2 0.46 0.25 (54.3%) 0.11 (23.9%) 0.10 (21.7%) 81.80
V-3 0.44 0.23 (52.3%) 0.11 (25.0%) 0.10 (22.7%) 216.58
V-1 0.46 0.24 (52.2%) 0.13 (28.3%) 0.09 (19.6%) 234.11
V-2 0.47 0.24 (51.1%) 0.12 (25.5%) 0.11 (23.4%) 116.29
V-3 0.46 0.24 (52.2%) 0.12 (26.1%) 0.10 (21.7%) 197.88
VI-1 0.49 0.25 (51.0%) 0.13 (26.5%) 0.11 (22.4%) 221.20
VI-2 0.66 0.44 (66.7%) 0.08 (12.1%) 0.14 (21.2%) 142.85
VI-3 0.49 0.25 (51.0%) 0.12 (24.5%) 0.12 (24.5%) 207.58
VI-1 0.52 0.26 (50.0%) 0.13 (25.0%) 0.13 (25.0%) 211.40
VI-2 0.55 0.35 (63.6%) 0.09 (16.4%) 0.11 (20.0%) 141.14
VI-3 0.41 0.21 (51.2%) 0.09 (22.0%) 0.11 (26.8%) 209.14
No-faulted 0.39 0.20 (51.3%) 0.10 (25.6%) 0.09 (23.1%) 205.98
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Table 5. Assessment of weak zone orientation effect based on crown settlement.

Strike perpendicular to tunnel axis . . Irrespective
- - - - - - Strike parallel to tunnel axis .
Drive with dip Drive against dip of strike
Weak zone Dip Dip Dip Dip Dip Dip Dip
orientation 45°-90° 20°-45° 45°-90° 20°-45° 20°-45° 45°-90° 0°-20°
Upper 1D I I I I 111 m I
(0.46) (0.50) (0.47) (0.49) (0.52) (0.52) (0.46)
At the crown 11 v I \Y I v \%
(0.52) 0.57) (0.46) (0.66) (0.55) (0.55) (0.66)
On the face I I 1 I 1 I I
(0.45) (0.46) (0.44) (0.46) (0.49) 0.41) (0.51)

Bieniawski(1989)  Very favourable  Favourable Fair Unfavourable Fair Very unfavourable Fair
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