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Abstract Urban railway lines have been constructed adjacent to residential buildings and urban areas. The expansion
of transportation networks and reconstruction of residential buildings in highly populated urban areas require deep
excavations in areas adjacent to urban railways. Mobilized soil stresses and changes in the groundwater level induced
by deep excavations results in track irregularities in urban railways. In this study, a three-dimensional finite difference
model using the commercial program FLAC3D was adopted to estimate the horizontal displacements of earth retaining
structures, settlements of backfill, the stability of track irregularity and underground box structure based on the criteria
of each railway organization and its relationships. In deep excavations, a change in groundwater level induces
relatively very small differences for track gauge irregularities, whereas relatively large differences for longitudinal
irregularities of 72.5%, twist irregularities of 83.3%, cross level irregularities of 61.9%, and alignments of 43.3% were
found to be the maximum differences when the horizontal displacement of earth retaining wall and settlement of
backfill were 65.1% and 21.4%, respectively, because the groundwater level (GWL) on the ground surface-mobilized
tensile strength of the underground box structure exceeds the allowable value. Therefore, three-dimensional numerical
analysis was performed in this study. Overall, real-time monitoring should be carried out to prevent railway accidents

in advance when a deep excavation adjacent to urban railway structures is constructed.
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Table 1. Stability criterion of track irregularity
Track irregularity
Gauge Longitudinal Alignment Cross level Twist
(mm) (mm) (mm) (mm) (mm)
Seoul metro 14.0 15.0 15.0 13.0 15.0
Seoul metropolitan rapid transit corporation 14.0 15.0 15.0 15.0 20.0
Dajeon metropolitan express transit corporation 14.0 15.0 15.0 15.0 20.0
Gwangju metropolitan rapid transit corporation 14.0 15.0 15.0 15.0 15.0
Daegu metropolitan rapid transit corporation 10.0 9.0 9.0 9.0 13.0
Busan transportation corporation 10.0 5.0 7.0 13.0 13.0
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Fig. 4. Three-dimensional FLAC3D model Fig. 5. Soil profiles
Table 2. Physical properties of soil
Unit weight Elastic modulus Poison’s ratio Friction angle Cohesion
(kKN/m’) (kN/m°) () ) (KN/m?)
‘Weathered loose sand 17.8 47,000 0.33 35 32
‘Weathered dense sand 17.9 71,000 0.33 37 34
Weathered rock 19.6 107,000 0.31 38 58.8
Soft rock 21.6 690,000 0.30 40 78.5
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Table 3. Physical properties of structure

Unit weight Elastic modulus Area Moment of inertia
(KN/m’) (KN/m’) (m’) (m*)
Earth retaining wall 76.5 2.05%10 8.36x10° 133x10"
C.IP 245 1.96x10 1.26x10" 1.26x10-3
Strut 76.5 2.05%10° 1.20x107 2.01x10™
Side wall of box tunnel 22.5 2.27x10 3.00x10 2.25x10°
Top slab of box tunnel 225 2.27x10 1.00x10™" 8.33x10™
Bottom slab of box tunnel 225 2.27x10 6.75x10" 2.56x107
KS60 rail 76.0 2.05x10° 7.74x10° 3.08x10°
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Fig. 6. Horizontal displacement of earth retaining wall embedded in clay and sands (Clough and O'Rourke. 1990)
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Fig. 9. Horizontal displacement of earth retaining wall with respect to groundwater level: (a) Dry condition (b) GWL:
ground surface (¢) GWL: 3m, (d) GWL: 9m, (e) GWL: 20m, (f) GWL: 40m. ‘GWL: groundwater level
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Fig. 12. Settlement contours of backfill (mm): (a) Dry condition (b) GWL: ground surface (¢) GWL: 3m, (d) GWL:
9m, (e) GWL: 20m, (f) GWL: 40m. 'GWL: groundwater level
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Table 4. 10-m interval settlement of Case I~ Case VI
Unit : mm
Measurement point (m)
Rail
0.0 10.0 20.0 30.0 40.0 50.0
Case | Left rail (mm) -40.6 372 -32.6 242 -20.6 -18.1
(Dry condition) Right rail (mm) -40.3 371 322 -24.0 -20.5 -18.0
Case Il Left rail (mm) -34.7 327 255 -16.4 -12.6 -11.3
(GWL* = 0m) Right rail (mm) 27.6 -26.4 -20.9 -13.5 -10.5 9.6
Case Il Left rail (mm) -33.4 315 24.1 -15.1 -11.2 -10.8
(GWL = 3m) Right rail (mm) 26.2 24.9 -20.8 -13.1 -10.2 9.4
Case IV Left rail (mm) -30.2 275 21.2 -13.2 92 8.8
(GWL = 9m) Right rail (mm) 24.6 22.6 -18.9 -12.2 8.9 8.5
Case V Left rail (mm) 235 22.8 -18.9 122 -11.6 8.7
(GWL = 20m) Right rail (mm) 21.6 -20.6 -17.6 -11.9 -10.5 715
Case VI Left rail (mm) 207 202 -16.8 -11.1 9.8 7.1
(GWL = 40m) Right rail (mm) 205 -19.9 -16.2 -11.6 9.5 6.9
‘GWL : Groundwater Level
Table 5. 10-m interval horizontal displacement of Case [ ~ Case VI
Unit : mm
Rail Measurement point (m)
0.0 10.0 20.0 30.0 40.0 50.0
Case 1 Left rail (mm) 8.8 8.0 5.8 3.4 2.0 -1.8
(Dry condition) Right rail (mm) 8.7 7.8 5.7 3.2 2.0 -1.7
Case 1T Left rail (mm) 23.9 23.1 -16.6 7.5 3.6 2.6
(GWL = Om) Right rail (mm) 233 225 -16.1 7.1 3.2 23
Case T Left rail (mm) 21.6 202 -14.1 6.1 29 2.1
(GWL = 3m) Right rail (mm) 21.0 -19.1 -13.2 5.7 2.4 -1.6
Case IV Left rail (mm) -18.7 -17.6 -12.8 -5.4 2.4 -1.7
(GWL = 9m) Right rail (mm) -18.0 -17.1 -12.1 5.2 22 -1.6
Case V Left rail (mm) -12.5 -11.6 -10.3 438 2.3 -1.1
(GWL = 20m) Right rail (mm) -12.2 -11.2 -10.1 43 2.1 -1.0
Case VI Left rail (mm) -11.6 -11.1 83 35 -1.1 0.5
(GWL = 40m) Right rail (mm) -11.4 -10.9 -7.9 32 -1.0 0.5
‘GWL : Groundwater Level
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Table 6. Mobilized stress and FS of undergroumd box structure over groundwater

Mobilized Stress FS*
G.W.L** Compressive Tensile Shear
Dry condition 7.68 1.19 1.95
Ground surface 5.82 0.98 1.26
3m 5.87 1.01 1.32
9m 6.21 1.05 1.42
20m 6.49 1.13 1.59
40m 7.65 1.18 1.95

‘FS = Factor of Safety, “GWL : Groundwater Level
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