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ABSTRACT

In this study, triggering mechanism of ground sinking was analyzed through groundwater flow analysis on the basis of a case of the
ground sinking occurred in Yongsan in 2015. The results of geotechnical investigation performed before and after the ground sinking were
analyzed for the accurate understanding of geological features in the study area. The numerical groundwater flow analysis was performed
to evaluate the influence of the flow behavior from the surrounding area toward the excavated site using software of Visual MODFLOW.
As a result, it was found from the geotechnical analysis that the strata of sedimentary layer along the sunken area in the vertical direction
was mixed significantly after the ground sinking compared with the status of the soil condition before the ground sinking. Piping was
occurred at the toe of cut-off wall in the sandy gravel layer, and this phenomenon was predicted by the numerical flow analysis.
Sequential ground displacement scenario of the ground sinking was derived from the geotechnical in situ test and numerical flow analysis

performed in this study.
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Table 1. Classification of soil and rock layers of the site obtained from borehole samples before initial excavation work and after
ground sinking

Borehole data before initial excavation work Borehole data after ground sinking
Soil . Hydraulic Initial .
layer Depth Thickness USGS conductivity GWL Depth Thickness USGS GWL
(GL-m) (m) P Ly | (GL-m (m) (GL-m)
i 1.8 1.8 GP
Reclaimed 0.04.2 2742 SM -
layer 7.1 5.3 SM
7.8 0.7 SP
2.7~8.0 1.1~4.6 SM 1.03x10-3
8.8 1.0 CL-ML
9.5 0.7 Sp
5.0~11.6 34~3.6 CL 4.68x10-5
Sedimentary 9.0 10.5 1.0 CL-ML
layer ~ 11.8 13 SP 15.58
10.8~18.5 4.9~6.9 SM 8.27%x10-5 111
: 143 2.5 ML
17.0 2.7 SP
16.0~20.4 0.6~3.9 GP -
17.8 0.8 GP
Weathered soil 11.6~20.0 1.4~34 SM 3.30x10-5 -
Weathered rock 13.7~26.8 0.4~5.8 WR - -
Base rock - - SR,HR 1.05 ~ 4.65%10-5 -
(Unit : GL, m) Alfter ground si.nk;.r}g éfore o N value ( time /cm)
— | e
A 30 , 030 2030 40/30
—1| = — : GWL before excavation N
—| —— : GWL after ground sinking [
-§ —]|[: Hole of Ground sinking
= 5 ——BH-10 H
- RaRaanas ’é‘ X
I l:l: Poorly graded sand (SP) T —4~NBH-1
10 | v ey é f ~O-NBH-2
1 : Gravel with sand (GP) I L = 10 . W
— Hﬂ]ﬂm; Silty clay (CL-ML) = A ——NBH-3
=%
: 5 > Void space
_15q bttt ‘ 15 —}
] A %}ﬁs
— N Bast; layer (SR, HR) - 20
-20
Fig. 2. Results of geotechnical investigation conducted after ground Fig. 3. Comparison of SPT results at BH and NBH
sinking and before excavation in the vicinity of ground sinking
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Fig. 4. Leakage water under the slab of sewage box
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Location of sandy gravel la
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Fig. 5. Changes of groundwater level at observation wells
(OW-1. 2 in Fig. 1) during site excavation
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Fig. 6. Leakage water and soil grains at the toe of
cut—off wall in the excavation site

Fig. 7. Soil and gravel escaped through the toe of
cut off wall and deposited
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(a) Finite element mesh and boundary condition for groundwater flow

analysis
0 A A
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(Thickness : 1.1m)
5 ( } ®
®
12| “LineA _| ®
_19__1.;“1.:]3—_—-__—_-_ @
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-26 @ Silty sand layer (SM)
® Clay layer (CL) —
33 @ Silty sand layer (SM)
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1 Line A: Before excavation of GP layer

*2Line B: After excavation of GP layer

(b) Analysis viewpoint and composition of subsurface strata at the
A-A"  line in Fig. 8-a

Fig. 8. Composition of mesh, boundary condition, analysis viewpoint
and subsurface strata for numerical analysis
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Table 3. Precipitation recharge rate estimated on various land—
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Other 0.35

Table 2. Inputs of hydrogeological parameters for numerical analysis of groundwater flow
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Fig. 9. Results of calibration work at the observation wells in Fig.
1 before and after excavation of sandy gravel (GP) layer
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Fig. 10. Variation of groundwater level and the distribution of total
head equipotential line before and after the excavation of
the sandy gravel layer (* Strata refer to Fig. 8-b)
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