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ABSTRACT

Sinkholes can cause significant human, social, and economic damage due to localized collapse of urban ground. In particular,
leakage caused by defects in aged sewer pipes may induce internal erosion and cavity development, eventually leading
to ground collapse. In this study, laboratory model tests were conducted to reproduce soil loss, cavity development,
and ground settlement behavior induced by leakage from a defective sewer pipe. The mitigation performance of geocell-
geotextile composite reinforcement was evaluated according to its installation position. Three experimental conditions
were considered: an unreinforced condition, a bottom reinforcement condition, and a top-and-bottom reinforcement
condition. Cumulative soil loss and settlement ratio were used as the main indicators to compare ground behavior under
different reinforcement conditions. In the unreinforced case, seepage flow was concentrated around the pipe defect
immediately after leakage, causing fine particle loss and piping. As a result, the cavity rapidly expanded and led to sudden
collapse-type settlement. The cumulative soil loss and final settlement ratio in this condition were approximately 14.5
kg and 67.33%, respectively. In contrast, soil particle loss was nearly prevented in the reinforced cases, and cavity development
and local collapse were effectively suppressed. In particular, the top-and-bottom reinforcement condition exhibited relatively
stable uniform settlement without signs of collapse owing to the combined filtration, flow dispersion, and confinement
effects of the reinforcement layers. Although its final settlement ratio was slightly higher than that of the bottom reinforcement
condition, this was attributed to insufficient initial compaction and soil particle rearrangement during saturation. These
results indicate that geocell-geotextile composite reinforcement can effectively reduce soil loss and cavity development
and mitigate sudden ground collapse under sewer leakage conditions.

Key words: Sewer pipe leakage, Sinkhole, Internal erosion, Geocell-geotextile (Geocomposite) reinforcement, Ground
settlement
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Fig. 1. Mechanism of sinkhole development induced by sewer pipe leakage: (a) pipe defect, (b) soil particle loss and piping,
(c) expansion of underground cavity, and (d) ground collapse due to cavity failure.
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Geocomposite

Fig. 2. Schematic diagrams of the model ground configurations for each experimental case: (a) Case 1 (unreinforced), (b)
Case 2 (bottom reinforcement), and (c) Case 3 (top and bottom reinforcement).
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Table 1. Particle size distribution characteristics of experimental soils

i i mm fficient of -
Particle size (mn) Coe . cle t 0 Coefficient of Curvature
Uniformity ,
Samples (Dy,)
Dy, Dy, Dy _ D (G= D <D,
(QA*D_) 1o < Lo
10
Jumunjin sand 1.13 1.48 1.84 1.63 1.05
Silica sand 0.52 0.64 0.87 1.66 0.91
River sand 0.13 0.49 0.87 6.53 2.06
Field soil 0.19 0.46 1.24 6.38 0.90
Mixed sand 0.32 0.56 0.86 2.69 1.16
120 120
= —e— Jumunijin Sand ’\? -0~ Silica Sand
X 100 - * D10 S0 o * D10
- * D30 o 2 * D30
o #og * D60 c 8or * D60
= 6oL = 60f %
z e
8 40 - 8 40
= E *
S 20 o 20- ‘
0 — L 0 i 5 OOl 5
1 0.1 0.01 1 0.1 0.01
Particle size, mm (log scale) Particle size, mm (log scale)
(a) (b)
120 120
’\: --¥- River Sand @ —.-A— Field Soil
100 - vy * D10 2 100 Fa * D10
= = * D30 5 N * D30
L so- \ * D60 £ 80—  n * D60
= Y. = N
= 60 - ¥ g 60f *
\ Y
8 a0 . 8 w0} A
5 x 5 L%
@ 20F \ A a 20F L
V-=se - e
0 i T T ~r=a o] s = 8
1 0.1 0.01 1 0.1 0.01
Particle size, mm (log scale) Particle size, mm (log scale)
(c) (d)
120
'\? —-8— Mixed Soil
2>.100 *\ (RS 60% : SS 40%)
= " * D10
2 sof N * D30
= \ * D60
:,5, 60 - q\
O 40 \
o A
o 20
0 | \.“-""—1 ——————
1 0.1 0.01

Particle size, mm (log scale)

(e)

Fig. 3. Particle size distribution curves of soils used in the experiment: (a)Jumunjin sand, (b)Silica sand, (c)River sand, (d)Field
soil, and (e)Mixed soil.
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Table 2. Theoretical hydraulic conductivity estimated using the Kozeny-Carman equation
Samples Dy (mm) Porosity, 7 Hydraulic conductivity, £ (cm/s)
Jumunjin sand 1.13 0.45 2.09%X10°
Silica sand 0.52 0.40 2.61X10™
River sand 0.13 0.40 1.63X10”
Field soil 0.19 0.35 1.99 X 10
Mixed sand 0.32 0.40 9.90 X 10?

Fig. 4. Geocell-geotextile composite (geocomposite) reinforcement.
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Fig. 7. Cavity development and ground settlement behavior in Case 3 with elapsed time.
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Fig. 11. Conceptual interpretation of the sinkhole propensity index (ZI) according to reinforcement condition: (a) unreinforced

condition and (b) reinforced condition.
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