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Abstract

As the construction of trans infrastructure using the underground tunnel have been
rapidly increased, various nearby excavation of existed underground facility including
subway structure has been occurred in urban tunnelling. The concern and worry
relating to the safety and stability of the existed facility by nearby excavation is
becoming the key issues in urban tunnelling. In this study, it was conducted for
existed the subway station structure at Seoul subway line which was closely located
in the new Dongbuk urban metro railway to determine the behavior characteristics of
station structure according to adjacent tunnel construction. Also, it was reviewed the
evaluation of the safety zone and excavation method for subway structure. And after
areview of damage evaluation, track irregularities and structural calculation by using
a numerical analysis, stability of the subway structure according to nearby tunnel
excavation was evaluated to be secured. This study is expected to be applied as useful
reference in advance if you need to review the effects of existed structure according to
nearby construction in complex urban tunnelling.

Keywords: Adjacent excavation, Urban tunnelling, Subway structure, Safety
evaluation, Stability analysis
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Stability evaluation of existing subway structure by adjacent excavation in urban tunnelling
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(@) Influence zone due to tunnel excavation

(b) Safety zone of tunnel

(Attewell, 1977, Attewell et al., 1986)

(0" :New tunnel) )

unconditional >
\

range

(a) Parallel tunnel (left and right)
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Fig. 4. Urban tunnelling under Sungshin Women’s University station
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Kunngwul Rallway PC BOX

(a) Tunnel cross section (b) Stability analysis (©) Reinforcement grouting

Fig. 5. Urban tunnelling under box structure in Kyungwui railway (Lee, 2004)
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Fig. 6. Urban tunnelling under box structure in Kyungin expressway (Lee et al., 2010)
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Fig. 7. Urban tunnelling under building structure in New Bundang railway (Shin et al., 2009)
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Table 1. Geotechnical parameter for numerical analysis

Classification Unit weight | Cohesion | Friction angle | Elastic modulus | Poisson’s ratio | Permeability
(kN/m?) (kPa) (°) E (MPa) (v) (cm/sec)
Deposit 17.0 20 0.0 4 0.38 3.20 x 107
Weathered soil 19.0 22 29.0 100 0.32 2.50 x 10™
Weathered rock 21.0 30 32.0 300 0.30 7.50 x 107
Fractured zone 23.0 180 34.0 500 0.29 1.60 x 107
Soft rock 24.0 260 35.0 2,300 0.27 1.40 x 107
Medium rock 25.0 1,300 38.0 8,000 0.25 4.50 x 10
Hard rock 26.0 2,500 42.0 16,000 0.23 2.50 x 10
Shotcrete Soft 23.5 - - 5,000 020 -
Hard - - 15,000 0.20 -
Rockbolt 78.5 - - 210,000 0.20 -
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Fig. 9. Damage assessment according to the simple chart
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- 4
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\
<~ L

| et PR |
(©) Track gauge irregularity (d) Cross level irregularity

Fig. 10. Kinds and concepts of track irregularities (Seoul Metro, 2008)

Table 2. Track irregularities allowance (Seoul Metro, 2008)

Classification Main line Side line
Track gauge +10, -3 +10, -3
Cross level 9 11
Armange standard o Straight 9 (rail length : 10 m) Straight 11 (rail length : 10 m)
(mm) Longitudinal Curve 3 (rail length : 2 m) Curve 4 (rail length : 2 m)
Alignment 9 9 (rail length : 10 m) 11 (rail length : 10 m)
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717t QAL o] T2 AMIALRES. & wERO| MRS JFE A TE| R, 2020, of E5EL QLoH,
7HAd F QI B tigh 587|152 Table 3] LFERL} Q)

Table 3. Allowable standard of Earth retaining wall and adjacent structure (MOLIT, 2020)

Classification Allowable standard
o Hard t=60 cm Concrete wall <0.002 H
Earth\;ztlziumng Medium t=4 cm Concrete wall <0.0025 H
Soft H-pile and earth retaining wall <0.003H
Support Axial force Rockbolt <0.5fy % A
) Max. settlement <25mm
?;ii‘;ﬁ:et Angular displacement 2.00 < 10° (1/500)
Lateral strain 1/2,000

4.2 7|12 Y1 2= Y8 Gt

421 BAFAS DA 7)1 E 2B Y AE
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A A QR A T 0 2 H8si9tt Fig, 112 3319 S48 Slet meleo] Lhet 9les], 1]
.

& 1
A B o o] MA AR thsle] A4 TEAES Sk

Part of Wall
Demolition

(a) 3D analysis modeling (b) Vertical load modeling

Fig. 11. 3D analysis modeling considering wall demolition for existing structure
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(a) P-M corelation diagram at post (b) P-M corelation diagram at exchange exit

Fig. 12. Result of 3D numerical analysis considering wall demolition for existing structure
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Table 4. Minimum safety factor by result of numerical analysis

Under construction After construction
Structure - -
Bending strength Shear strength Bending strength Shear strength
Korea University Station 1.05 1.07 1.98 1.07
Korea University Connection Box 1.21 1.25 1.06 1.35

422104 37 7IE B AP 7EE 34 7}
104E1 2877 77 5 10438718 2HBAHE A4, S5k, 6540 Tejfelal s s e 50] 20 <)
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Fig. 15. 3D analysis result for stability earth retaining wall and support structure

Table 5. Summary of result of stability analysis for earth retaining wall and support structure

Classification Excavation depth Max horizontal Allowable Stability analvsis
(H, m) displacement (mm) | displacement (mm) vy 4
Point-1 0.5776 0K
Point-2 0.3233 O.K
Ground _ 2234 <67.02
excavation | Point-3 0.3784 O.K
Point-4 0.3360 0K
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Fig. 16. Result of numerical analysis for adjacent structure
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Fig. 17. Result of numerical analysis for adjacent structure and damage assessment
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Table 6. Summary of result of damage assessment for adjacent structures

. . Max. Differential Angular Horizontal Damage assessment Damage
Classification settlement settlement . . .
displacement strain criteria class
(mm) (mm)

Korea University Settlement <25 mm
Connection Box 0.1286 0.0099 1/884,911.85 | 1/81,151.35 Angular Disp.<1/500 Ignore
Korea University Settlement <25 mm

Station 0.0512 0.0242 1/1,221,396 | 1/13,678,373 Angular Disp.<1/500 Ignore
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Fig. 18. Result of numerical analysis for adjacent structure
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Table 7. Summary of result of damage assessment for adjacent buildings

Max. Diffs ial .
. . ax Hierentia Angular Horizontal Damage assessment Damage

Classification settlement settlement . . .

displacement strain criteria class
(mm) (mm)
o Settlement <25 mm
Building-1 0.0705 0.0008 1/26,647,763 | 1/63,007.34 Angular Disp.<1/500 Ignore
Settlement <25 mm
Building-2 . .04 12 d4 11 A4 . |
uilding 0.3988 0.0457 /255,930 /36,335 Angular Disp.<1/500 gnore
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