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Experimental study on artificial block toe of sloping breakwater

under swell and complex bathymetry conditions
ZHANG Hairong', SHEN Yusheng’, LI Shesheng', CAT Dongsheng'
(1. CCCC FHEC Harbor Engineering Design Co., Ltd., Guangzhou 510290, China;
2. River and Harbor Engineering Department, Nanjing Hydraulic Research Institute, Nanjing 210024, China)

Abstract: The toe structure is an important part of the sloping breakwater, and natural rocks are usually
used. For port construction areas that lack natural rocks, concrete artificial blocks are needed to replace natural
rocks as the toe of the sloping breakwater. Taking a certain overseas port breakwater project as an example, this
paper studies the stability of the artificial block toe of the sloping breakwater under the conditions of swell and
complex bathymetry through the 3D physical model tests, and optimizes the breakwater toe. The characteristics of the
wave action on various parts of the breakwater under the conditions of swell and complex bathymetry and the plans
to improve the stability of the breakwater toe are analyzed and studied. The research results show that the wave-
breaking water flows generated by waves under swell and complex bathymetry conditions have a strong effect on the
inner side of the circular arc section of the breakwater roundhead and the breakwater root, and the 8 m® Antifer of
the original toe plan is unstable under design wave action. The stability of the artificial block toe of the breakwater

root can be improved by opening a groove on the reef plate and placing the artificial blocks of the toe in the groove
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of the reef plate. The Antifer size of the breakwater trunk and roundhead is increased to 12 m’, however, due to the

lack of interlocking between the Antifers and their weak resistance to the breaking wave impact, the Antifer at the

breakwater trunk and the leeward side (135°-180°) of the breakwater roundhead toe are still unstable under design

wave action. For the optimization schemes, the breakwater trunk and roundhead toes use artificial blocks with

interlocking properties, and the rocks applied in underlayer of the artificial blocks can enhance the stability of the

artificial blocks at the toe. The 12 m® Xbloc at the breakwater trunk toe and the 16 m® Xbloc at the leeward side

(135°-180°) of the breakwater roundhead toe are stable under design wave action.

Keywords: swells; complex bathymetry; toe; artificial block; stability; overall model test
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Fig. 1 General layout of the breakwater (unit: m)
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Tab.2 Composition parts of the typical cross-section of the breakwater

BI04 /m I I HEHA BRI EC NI e e tA kA
7.2 3:4 2.5 m® AR H 16 m® Xbloc 8 m® A b 300~1 000 kg Hef7
/—lS)‘ti‘iBZi%leéﬁ’a
133 16.5 ,
7.6 1132 10.9 }
5.7 (.55 | 16 m*Xbloc/53.50
X 7 7.2CD 2.5 m*Antifer/£1.36 .
L R 300~1 000 kgHefiJE1.24 il
- Bk 5204
- KA y; 0.00
I JEUREE Bk
\\
“ _
AN _/,// \_
a) B IRESEAR B 1
21.0 i BT O 5 5
1.4 - 14.1 10 125 ,‘2‘9’_ 6.9 ()H9_ 7.1 |_3-7
i . 16 m*Xbloc/53.50 il
el NN ' 2.5 m*Antifer/i£1.36 Bk A < 2.04
S T ETTSTT KA < 2.
i 300~1 000 kg f1)5E1.24 JW T : =00
6418 m*Antifer)5£2.00
2.5 mAntifer/£1.36
b) BB 2
— BSOS
429 62.5
2.8 1i6i1.‘6 94 29 15.9 ) 17'6 ) 18.9 i249‘ 117 08 115 79
88
720 CD '
TR 3700p G/, 16 mXbloc/3.50 )
D [2.5 m*Antifer/i1.36 FIK{E G 2.04

TR

300~1 000 kgHfi i 1.24—32.0:00
RO 2E

448 m®Antifer/2.00 2.5 m*Antifer/i£1.36
300~1 000 kgl f7)5E1.24

SHE8 mAntifer/i£2.00]

o) B iR B B
Z— By 3 22
63.4
133 L 18.9 29, 118 08 115 42
\77.20 CD L 16mXbloc/#3.50 ‘ ‘
2 [2.5 m*Antifer/£1.36 T
300~1 000 kgHi7)5E1.24 FKNE < 2.04

Rk < 0.00

&
1~1 000 kg
SJribig

R

548 m?Antifer/5£2.00

d) B d e Sk B

B2 BN RABEE ($4: m)

Fig. 2 Typical sections of each section of the breakwater (unit: m)
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Fig. 5 Toe zoning of sloping breakwater
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