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Finite element analysis for earth pressure on bucket foundation of breakwater

WANG Yuan-zhan', XIAO Zhong'', LI Yuan-yin?, XIE Shan-wen’

(1. Tianjin Key Laboratory of Harbor and Ocean Engineering, Tianjin University, Tianjin 300072, China; 2. China Communication First

Design Institute of Navigation Engineering, Tianjin 300222, China)
Abstract: The bucket foundation of breakwater is a new type of structure applied in port and coastal engineering, the stability
of which is sustained by the bucket foundation penetrated in soft soil. The calculation of earth pressure on the bucket foundation
is the key content of examination for structure stability. A 3D elasto-plastic finite element model is established to analyze the
magnitude, vertical and circumferential distribution of earth pressure on bucket foundation under different wave load according
to a practical project. Besides, the earth pressures calculated by the finite element method in the limit state are compared with
the earth pressure at rest, active and passive earth pressures. According to the displacement mode of bucket foundation, the
distribution areas of earth pressure are divided into three regions, i.e., active, passive and static regions. The simplified
calculation methods of earth pressures for different regions are suggested. The results can be used to check computations of
stability for the bucket foundation of breakwaters.
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Fig. 1 Section of a bucket foundation of breakwater
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Fig. 2 Plane of four groups of bucket foundation of breakwaters
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Table 1 Water levels and water depths
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Table 3 Main parameters of soil layers
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Fig. 3 Plane of finite element computational domain
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Fig. 5 Distribution of displacement fields in limit state
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Fig. 8 Vertical distribution of earth pressure through point 3 at

outer wall of bucket foundation 1

0 —u— Rankine® 30+ Ff
’ —e— kS
—a— =1
E2 ——a,=2.02
E 3 —h— 1,=2.95
4
=z
s
=
£6
&
7
B
8

k=1

0 10 20 30 40 50 60
A+ HEF1/kPa

o ZBE2MET R 14BELENDH
Fig. 9 Vertical distribution of earth pressure through point 14 at

outer wall of bucket foundation 2
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Fig. 10 Vertical distribution of earth pressure through point 5 at

outer wall of bucket foundation 1

0 —*— Rankine#fzl +-FEH
1 —— {1k LN
—&— =]
E 2t —— q,=2.02
5 3l —A— 1,=2.95
F
B4
Gst
o
=
g [
8t
9 n )
0 40 80 120 160 200

L HEJ1/kPa

1M 3E 1 AEDS 20 2R EENDH
Fig. 11 Vertical distribution of earth pressure through point 20 at

inner wall of bucket foundation 1

0
—¥— Rankine®#¢ 3l 1+ FE )
1r —— kRS
o —a— =1
£ —— =202
E 3L —h— =295
Bl
£
E6|
=
=
=
8t
9

0 4 s 120 160 200
L HS1/kPa
E 12 3 2 NETR 25 MEELENS T
Fig. 12 Vertical distribution of earth pressure through point 25 at

inner wall of bucket foundation 2
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Fig. 13 Circumferential distribution of earth pressure around

connecting wall 1 and outer wall of bucket foundation 1
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Fig. 14 Simplified model of earth pressure on a bucket foundation

of breakwater
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Table 4 Resultant forces and positions of acting point of earth

pressure obtained by various calculation methods
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