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Analysis on the behavior of shield TBM cable tunnel: The effect of the distance

of backfill grout injection from the end of skin plate
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'Department of Civil Engineering, Inha University, Graduate Student
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ABSTRACT: Recently, tunnelling with TBM is getting popular for the construction of cable tunnel in urban area.
Mechanized tunnelling method using shield TBM has various advantages such as minimization of ground settlement and
prevention of vibration induced by blasting that should be accompanied by conventional tunnelling. In Korea, earth pressure
balance (EPB) type shield TBM has been mainly used. Despite the popularity of EPB shield TBM for cable tunnel
construction, study on the mechanical behavior of cable tunnel driven by shield TBM is insufficient. Especially, the effect
of backfill grout injection on the behavior of cable tunnel driven by shield TBM is investigated in this study. Tunnelling
with shield TBM is simulated using 3D FEM. The distance of backfill grout injection from the end of shield skin varies.
Sectional forces such as axial force, shear force and bending moment are monitored. Vertical displacement at the ground
surface is measured. Futhermore, the relation between volume loss and the distance of backfill grout injection from the end
of skin plate is derived. Based on the stability analysis with the results obtained from the numerical analysis, the most
appropriate injection distance can be obtained.

Keywords: Shield TBM, Cable tunnel, Three dimensional numerical analysis, Volume loss
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Case 1 Case 2 Case 3 Case 4 Case 5
The distance from the end of skin plate to
1 2 4 6 8
segment (m)
Table 3. Construction stage of case 1
Construction stage
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11
A:l A2 A3 A4 A5 A:6 A7 A:8 A9 A:10 | A:1l
Skin plate
R:1 R:2 R:3 R:4 R:5 R:6 R:7
Face Al A2 A3 A4 A5 A:6 A7 A:8 A9 A:10 | A:1l
pressure R:1 R:2 R:3 R:4 R:5 R:6 R:7 R:8 R:9 R:10
Ground of outside A:l A2 A:3 A4 A5 A:6
diameter R:1 R2 | R3 | R4 | R5 | R6 | R7 | R8 | R9 | R0 | Rl
Change property: Al A2 A3 A4 A:S A6
Ground to backfill grout
Ground of inside diameter
R:1 R:2 R:3 R:4 R:5 R:6 R:7 R:8 R:9 R:10 R:11
A:l A2 A3 A4 A:S A:6
Segment
A:l A2 A3 A4 A:S A:6 A7
Weight of segment
R:1 R:2 R:3 R:4 R:5 R:6

Note; A denotes installation of the element and R denotes removal of the element, respectively.
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Table 4. Properties of the segment
fu (MPa) T (m) A @) 1 (m') Y (m)
24 0.2 2.26 1.99059 1.95

Table 5. Allowable stress of the segment

Standard Strength design criteria Allowable stress
Allowable compressive stress 0.40f,, 9.6 MPa
Allowable tensile stress 0.42 \/E fu = 24 MPa 2.058 MPa
Allowable shear stress 0.25 \/fj 1.225 MPa

Table 6. Stability of the segment

Compressive stress Tensile stress Shear stress
(MPa) (MPa) (MPa)
Maximum 2.858 0.716 0.057
Allowable 9.6 2.058 1.225
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Fig. 8. Inflection point in the curve of subsidence

Table 7. Maximum displacement (.5,

) at the ground surface

=0.313 « V, »

=

Ve=2m o i+

N

u]—xg%k

ot

3 Q) e ke 2 Hl
d i gro|ck. Schmidt (1969)= | EHO
s HERAL mEn] By s
cheat e 4] ()
2o M= Heltka AosldrkKoh et al, 2011).

173 D2} Volume loss A5 7
(7 o] AT Snezana,

=
B
R

Case 1 Case 2 Case 3 Case 4 Case 5

S ax (mm) 0.02587 0.16051 0.22366 0.23781 0.24027
¢ (m) 10
D (m) 4
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Fig. 9. The case 1~5 in relation V) and unsupported span

Table 8. Results of the V, and V,

Case 1 Case 2 Case 3 Case 4 Case 5
Vs (mz) 0.00813 0.05042 0.07027 0.07471 0.07548
V. (%) 0.05167 0.32052 0.44662 0.04749 0.47978
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