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Slip mechanism and treatment measures for berthing structure on an artificial island
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Abstract: To address the sliding problem of the berthing structure in an artificial island with tied-back sheet
piles, we build a 3D finite element model using the *“Nanshui” double-yield surface elasto-plastic constitutive
model. Then we systematically simulate structural responses under various construction loading processes, water
level conditions, and service loads, thereby revealing the mechanical mechanism of sliding and proposing
corresponding treatment solutions. The results indicate that sliding primarily stems from insufficient bearing
capacity of the weak silty clay foundation and an imbalance in lateral earth pressure caused by asynchronous
filling and rock dumping during construction. Under the design low water level condition, the peak tensile stress at
the southeast retaining wall reaches 1.60 MPa; while this does not exceed the material strength, it poses a
potential threat to long-term durability. Moreover, the non-slip dominant factor of the design load has a much
smaller increase in the structural response than the influence of filling and water level changes. The proposed
remediation measure of supplementary counter-pressure dumping enhances the bearing capacity of soil in the
passive zone and lateral constraints, increases the anti-sliding safety factor to 1. 050 under extreme low water level
conditions, and meets code stability requirements.
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Fig.1 Section of berthing structure ( dimension: mm; elevation: m)
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Tab.1 Calculation parameters of soil-rock materials

X 35, T 24P p/(g-em™) n'/% c/kPa @/(°) K n R; cql% ngy R, k,/(cm-s")
It e)2 (BRI UM IR 1) 1.72 59.6 17.7 12,3 20  0.75 0.90 2.30 0.65 0.85 8.21x10"
. OB LR 1.90 472 29.4 12,5 90  0.60 0.80 1.55 0.68 0.77  6.04x10®
L 2.03 38.3 420 20.7 220 0.54 0.75 0.8 0.70 0.74  1.36x10*
W2 2.02 38.5 9.5 3835 280 0.51 0.8 0.70 0.67 0.70 5.00x10>
It e)Z (IR TR R 1) 1.78 54.7 26,2 1.4 8  0.73 0.8 1.60 0.67 0.82 2.62x10°
B BEELE 1.91 46.6 343 150 150 0.58 0.78 1.20 0.68 0.75 3.16x10"
g 1.97 41.4 46.2 185 200 0.56 0.75 0.90 0.72 0.72  2.83x10"
ek b 2.02 38.5 9.5 3835 280 0.51 0.85 0.70 0.67 0.70 5.00x10°
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[X 45§, +EAFR pl(g-em™)  n'l% c/kPa @/(°) K n R; cal% ny Ry  k,/(cm-s™")
i 1.89 28.0 - 40.0 450  0.45 0.8 0.55 0.75 0.80 -
. RAHEEZ 1.90 250 - 420 49  0.40 0.73 0.53 0.72 0.72 -
ik ZRARZ 1.90 25.0 - 42.0 490 0.40 0.73 0.53 0.72 0.72 -
[l b 1.71 3.0 0 30.0 250 0.50 0.70 0.85 0.63 0.66 -
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Tab.3 Main calculation results of berthing structure under different working conditions at average water level

B AARF LSTEN TRBE 12514 TRBE 251 TRBET 25 TRBET 251 SErgEK SERLERE

Lo i /cm ULk /em IKEAE S fem Uik /em K F R f1/MPa /N F7/MPa Sl 48 5 /em 5 lem
1 -31.7 75.3 -25.7 8.0 3.83 -1.01 22.6 2.3
2 -32.4 75.5 -31.6 13.8 3.40 -0. 86 28.0 7.3
3 -50.8 117.5 -49.2 21.8 6. 06 -1.40 42.3 13.2
4 -58.2 117.7 -58.2 28.0 7.50 -1.50 52.4 19.6
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