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Stability Analysis of Roadbed Associated with Groundwater Levelsand Cavitiesin
Adjacent to Urban Railways
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Abstract Leakage of aged pipdlines in urban areas have induced ground loss frequently resulting in cavities.
Train loadings associated with change of groundwater levels in an undiscerning development of urban areas
induce roadbed settlements. Since train derailment occurs as the roadbed exceeds the alowable settlements,
location and size of cavity and groundwater level should be figured out. In this study, the commercia program,
FLAC3D, whichisathree-dimensiond finite-difference numerical code is used to do stablity analysis of roadbed
associated with groundwater levels and cavities in adjacent to urban railways. Numerical results show that the
roadbed satisfies the alowable settlements as the center of roadbed is greater than 25-m distance from the center
of cavity and groundwater level islower than 22m below ground surface for 10-m diameter of cavity.
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Fig. 1 Configuration of railway roadbed and cavity Fig. 2 Detailed configuration of railway roadbed and cavity
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Table 1 Physical properties of soil

Height | Unit weight | Elastic modulus| Poisson’sratio | Cohesion | Friction angle | Permeability coefficient
(m) (tm’) (t/m?) () (t/m?) ©) (m/sec)
Ballast stone 0.3 1.9 13.39 0.30 - 35 -
Upper loadbed 15 1.8 9.16 0.20 0.3 32 -
Lower loadbed 15 1.8 5.10 0.30 1 30 -
Land fill 15 1.7 3.00 0.35 0.5 24 1.0x10°
Silty clay 15 17 2.00 0.35 0.5 25 5.0x10°
Weathered soil 1 15.0 19 7.50 0.33 1 30 1.0x10°®
Weathered soil [T 15.0 19 7.50 0.33 1 33 1.0x10°®
Weathered rock 7.0 2.0 11.00 0.31 6 42 1.0x107
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Table 2 Physical properties of rail

Area Unit weight Elastic modulus Moment of inertia(m®)
(mm?) Um? (Um?) lx lyy
K S60 rail 7,741 7.75 21,000:10° 30,820:10°° 5,120:10°

Table 3 Physical properties of prestressed concrete sleeper

Length Width Height Interval between sleepers
(m) (m) (m) (m)

PC sleeper 245 0.28 0.20 0.58

Table 4 Physical properties of rail pad

Thickness Unit weight Vertical spring coefficient of
3 rail pad
(mm) (tm) (t/mZ)
Rail pad 5 1.15 15.3310°

2.85m ‘ 13.8m ‘ 2.85m

2.10m 2.10m
19.5m

Fig. 3 Configuration of train load
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(d) Cavity width =6m, No groundwater (€) Cavity width=6m,GW.L=Ground surface (f) Cavity width=6m, GW.L=12m
Fig. 4 Vertical displacement contour of ground w.r.t cavity width, groundwater level(GW.L)

(d) Cavity width =6m, No groundwater (€) Cavity width=6m,GW.L=Ground surface (f) Cavity width=6m, GW.L=12m
Fig. 5 Vertical displacement contour of roadbed w.r.t cavity width, groundwater level (GW.L)
Table 5 Roadbed settlement(mm) — 20m distance from the center of roadbed

G.W.L

- Om 4m 6m 8m 10m 11m 12m 13m

Cavity 4m 0.7 1480 | 37.0 16.9 5.6 3.0 2.6 2.3 -
width
and

depth 6m 0.8 1630 | 69.0 550 | 14.0 45 35 2.8 2.2
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(d) Cavity width =10m, No groundwater (€) Cavity width=10m,GW.L=Ground surface (f) Cavity width=10m, GW.L=20m
Fig. 6 Vertical displacement contour of ground w.r.t cavity width, groundwater level(GW.L)

(d) Cavity width =10m, No groundwater (€) Cavity width=10m,GW.L=Ground surface (f) Cavity width=10m, GW.L=20m
Fig. 7 Vertical displacement contour of roadbed w.r.t cavity width, groundwater level(GW.L)

Table 6 Roadbed settlement(mm) — 25m distance from the center of roadbed

G.W.L

- Oom 8m 10m 15m 17m 18m 20m 22m

Cavity 8m 0.7 176.0 | 80.0 35.0 35 238 2.4 21 -
width
and

depth 10m 0.8 169.0 | 1400 | 1000 | 13.0 45 35 2.8 2.4
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