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ABSTRACT : This numerical study is to investigate the seepage characteristics of the side of the structure in the event of leakage
from the structural connection part of the drainage structure installed through the enlarged levee, and to analyze the effect of piping on
the stabilization of the levee by the lateral penetration behavior. To take into account lateral seepage behavior, 2D and 3D numerical
analyses were performed on the same model, and the effect of lateral seepage was analyzed to assess the validity of the numerical
analysis. As a result, when leakage occurs and a lateral seepage is considered with the gate located on the riverside land, the maximum
pore water pressure near the leakage point of the structure has been reduced by half compared to the normal seepage state where
no leakage occurred. Excessive variation in the pore pressure was shown at the lower part of the structure, especially if lateral seepage
is not considered. As a water level rises to the high water level, it shows the hydraulic gradient was larger than the critical hydraulic
gradient, which will be vulnerable to long-term piping. If a gate is located in the inland and side seepage is not considered, the effect
of the seepage water such as hydraulic gradient and seepage velocity is underestimated compared with the case of considering side
seepage. The maximum hydraulic gradient is relatively small when lateral seepage is neglected if a gate is located in the riverside
land and there was might be a risk of piping or loss of material. In addition, the period exceeding the critical hydraulic gradient
was interpreted as a short time zone. As a result, it is considered that the possibility of piping can be underestimated if side seepage
is ignored.
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Fig. 1. Cross section of the site (MLTMA, 2012; Yang & Kim, 2018)
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Fig. 2. Grain size distribution curve of soils (MLTMA, 2012; Yang
& Kim, 2018)

Table 1. Soil properties (MLTMA, 2012; Yang & Kim, 2018)

Enlarged | Existing | Soft .
Property levee levee clay Sedimentary
USCS SM
( ) (SM) (SM) (CL) M
Total unit weight 185 175 187 18.0
(3, KN/m’) ' ' ' '
Cohesion (¢, kKN/m®) 15 10 30 0
I 1 fricti 1
nternal friction angle 25 2 0 27
(¢)
Specific gravity (Gs) 2.67 2.66 2.68 2.65
Void ratio (e) 0.653 0.706 0.847 0.627
Hydrauli ductivi
ydraulic conductivity | o co1 | 4910 | 0.017 |  2.195
(K, m/day)
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Fig. 3. Soil water retention curve of the materials (Yang & Kim,

2018; Yang, 2019)
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Fig. 4. Unsaturated hydraulic conductivity of the materials (Yang

& Kim, 2018; Yang, 2019)
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Fig. 5. FEM meshes for numerical analysis
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Fig. 14, Change of pore water pressure at the wallside on the
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Fig. 16. Change of pore water pressure at the wallside on the
structure (inland gate)
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Fig. 17. Change of hydraulic gradient at the wallside on the
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Fig. 19. Change of flow velocity at the wall side on the structure
(riverside gate)
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