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Behavior Analysis on Earthquake-Induced Deformation of Quay Wall
and Apron in Ground at Youngilman Port Considering
Drainage Condition Using FEM Analysis
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Abstract : In this study, according to drainage condition (undrained and drained) in ground, the settlement and
horizontal displacement of caisson quay wall and apron in Yeongilman port due to excess pore water pressure in
ground induced by the magnitude 5.4 earthquake in Pohang on November 15, 2017. In general, seismic response
analysis was carried out under undrained drainage condition, but in this study, drain drainage analysis was con-
ducted to estimate displacement during earthquake as well as an additional displacement due to dissipation of
excess pore water pressure after earthquake. The result of after earthquake can not be known under undrained
drainage condition. Results cleary showed that the behavior of structure and ground was dependent on drainage
condition in ground. Especially, based on the drained drainage condition, the additional displacement was clearly
detected due to dissipation of excess pore water pressure after earthquake. Which indicates that both results are
different to drainage condition in ground, and therefore, drainage condition analysis is necessary to accurately esti-
mate the behavior of ground and structure in seismic response analysis.

Keywords : earthquake, drained drainage condition, seismic response analysis, dissipation, settlement
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Table 1. Soil parameters for the 2-D effective stress analysis
Unit Fines Effective Internal Shear Bulk Poisson’s
Soil weight value content vertical stress friction angle modulus modulus ratio
7 (KN/m’) rate (%) o) (KN/m’) é (") G (kPa) K (kPa) 1%

*Silty sand, 19.00 15.00 5.76 31.35 30.00 117,800.04  307,204.02 0.33
*Silty sand, 19.00 15.00 5.76 121.65 30.00 117,800.04  307,204.02 0.33
Sediment 19.00 20.00 32.40 185.10 30.00 142,704.58  372,151.17 0.33
Weathered rock 20.60 50.00 - 194.90 33.00 285,000.01 743,235.33 0.33
Riprap 18.00 50.00 - 180.00 40.00 249,029.14  649,428.93 0.33
Caisson 23.00 - - - - - - 0.25
Back fill 20.00 50.00 - 121.65 40.00 721,587.70  721,587.70 0.33

*Sllty Sandl UH%E =] oﬂ 01 A= )\1 E ;<1 }\]_X]]J—_Z_ ;q 131-

*Silty sand,: " HE o]——,—0ﬂ ol ”EZ] A E A (2d3) A uh.

3.3 HFLHYX|H 2| X|HHY 4

Table 1 & $=x|3)Al o) AL3F g S=o]t), w44
ek A NERAL AFES} T R

1— oﬂ O]U]—B‘]— P ﬁ] /\]

3 PdEo] $23E Mun(2018), Park et al.(2018)2}
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(2019)0] L& F7|EAT AN S B8l Nx| el

st e S Ajket gk o]8-3ke] 71
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Table 2. Liquefaction parameters of undrained condition

Layer W, P, P, C,
Al Silty sand 0.005 5.592 0.5 0.918 2.301
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Table 3. Liquefaction parameters of drained condition

Layer PHIp EPSCM repsdc repsd rk rkpp plk

Silty sand 28 0.07 0.34 0.15 0.5 0.1 2

Layer q, Qs Qs S C HmaxL NSPR,

Siltysand 8 0.5 0.5 0.005 2.4 0.24 6
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Fig. 12. Distribution of excess pore water pressure ratio and displacement.

Table 4. Compare safety inspection report with analysis results

Horizontal displacement
in caisson (cm)

Settlement in caisson (cm) Settlement in apron (cm)

Type
P After After EPWP After After EPWP After After EPWP
earthquake dissipation earthquake dissipation earthquake dissipation
Safety inspection report 15 <10 10~20
. Undrain 13 3 7.5
Analysis result -
Drain 7 17 0.9 1.1 7.5 8

EPWP: Excess Pore Water Pressure.
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