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Fig. 1 Schematic diagram of composite slope breakwater parameters
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Fig. 3 Structure diagram of overtopping prediction model of composite slope breakwater based on random forest
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Table 1 Distribution characteristics of input parameters after

dimensionless

FHESH 1 KA e/ ME P2
I-I’”Ov’/L’”‘"O«’ 0.033 0.087 0.005 0.012
B 0.716 80.000 0.000 4.820
h/L”’*l-OJ 0.135 0.666 0.010 0.102
h/ H,p, 3.467 22.566 0.429 2.403
B‘/L”’*‘-Q’ 0.017 0.396 0.000 0.050
h”/H’”Q’ 0.173 7.826 —2.652 1.014
B/L”’*I-OJ 0.093 0.973 0.000 0.109
AF/H”'OJ 1.155 4216 —5.242 0.581
RF/H/"Q’ 1.246 6.032 0.000 0.531
GC/L’”"DJ 0.023 0.257 0.000 0.039

m 417.755 1 050.000 10.000 455.659
cotay 1.672 7.000 0.000 1.331
COt 2.584 11.299 -1.331 2.096
Yr 0.790 1.000 0.380 0.269
D/H’"°~’ 0.118 0.807 0.000 0.152

HirZs4L
q* 0.001 668 0.165 0.000 001 0.010 84

*2 EERSHEETCH

Table 2 Value range of important parameters

HHESH LSRN
n_estimators 10~200
max_depth 10~50
max_features auto, sqrt
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L L L L L L
107 10° 10° 10* 10° 102 10" 10°
G/ (m* s m™)

P 7 AR B A R L (R U 2 4% )

Fig. 7 Prediction result of testing set (ensemble neural network)

BERIEARIRIETE 5 AT IRIEVE N, R RER =87.7%,
X Lo R B I A Y T 25 2R (] 4 FNIET 6) R B,
BE DL AR AR5 1 45 2R D] 0 LU A2 b 28 0 2% B AR vh 7
45 AR 2 I (b ) 1 S 2 ), Hoo g R B & TR
A 22 R 45, X U P B ML AR PR EG S i 22 9 265 LA TR
SR Y 27 > BE 15 AT HE T AR B0 A D AR 45 2R (8 5 AN
K 7), W NS5 W00 22 ), (ELAR 305 0 25 B
PeSE F BT, BEAL AR IR 2w T 5 A 22 o 45,
Ul BEMLAR ARSI Az AL e i 4r . 28 LRI, A
RN SRR 8 S A, AR SO ST A BEHLAR MRS Y 1
WEO R EAL T AR PR 22 M 46 o 3K J2 T e AL 22 il
HLAR AR Y I, 45 R R S 1 I 25 46 2 38 i Bagging
N7 A AR, HL R SR 23 2R B AL e 5, X 1l

o BEALARAR R B DR SR 22 R I, AT B e s K 4%
TS ATER
4.3 FHES T A B B R0

3 M R A 2 B ) A A R 5 WA R I XA
BRSO, WO L AR R ASE Y B S /DN, SR AT B T
L B0 ABCRR AL 55 8, RIS T 5 MRV R 31/ B R, X A
TRt B 2 BA N 2 W i, m AR R B 5F . —TF
TET, T LA e AR PR B2 5 55 — D ThE, ) s/ I R Y
RN ANTIE =Y v E S

A 2ok i ATL AR AR T o A TN (14 [+ FsF, R
PAVTAli B A7 i AR fOE of T 25 2R 9 B 20 o HL it B
Je: AR AR A P B ML AR AR 23 Bk 32 ) R — AR X
TR RS SR J5 WL X3 45 R B, e LA
R 2 8] AR R W R/ o — P AR A R R 22 A
T2 X T — WA, 1155 OOB A% 2 ey, X T 4¢
EZHX,, B4 OOB H Y XS, fREFHADSIAAL, #
WA AR MR 2 e, Hler — e 7R 3 AIE 2 B X 1Y o 2
Yo B JE ST A R TR AR 2 1 e - e 072, B
SFAIE 2 X0 B BIL AR AR AL Y B . AR AM R 22 ey
AR

(5

A, v a3 0 R B A RE AR B4 0 LS s MoK
XFIEAREAK . R, RRAE S E0X Y TR e

g (ez,xi - el,Xi)

Scorey, = %, (6)

A, no BEHLARAR A B KL e SRR FRAE S 5T
B Z RS R AR AN IR 255 e R FRIE S AL
X0 B 5 B SR AR A AR MR 25 o IR ISR AR
P P, BEATL AR R ) 48 S HE B SRR /N 1, 1 ]
TR B AR e o B AR AR X AR
T BRI, SR A X AT I3 — AR m, B 24y
MEEEAE . i T SE R AR 2 BOR By By ot AR,
HX B 2 1 1 22 5 B0OR, K AT H & . FATH
I8 28 1 T A AN AR e B R B I 45 2R B S,
K 8.

H AT 8 TR, B i e R S RO 5 T
R, YRR T FEAMNF- 5 LK TR b, F5 2F 5 %
J& BRI BE Hoos/ Lo, T2 FT K TR 52 IR B 7K TR
hARIE 6 98 B Gopty T 2P A Y, 37 T B (AP 2ok A
DG I 58 JEE B, 10000 45 2R 1) 52 000 g /0 o A e B A
St IO R A% A 200D SELH4 900 10 A el B TO, o 3 Sk IO i R 11



MHEEdy 4345

112
0.25
0.20 H
?—:E— 0.15 1
3H
m 0.10 H
0.05 1
0.00 / / |/ |/ 1 d VA V |% [ A A
RIH,, AlH,,  W/H,, BlL, o HulLyror BLyor  B/H,,  GJL, .o, DIH,, BIL,
8 MAVRHE SR Z T M
Fig. 8 Importance evaluation of model characteristic parameters

S, TR AR P TR A A B R B IR 2, DR K AR
B BT . 75 2 AR 2 B9 RE R B TR A AR
T SR T ik Dl IR A 3R T, 2 AT PR B T BE K
A R, B T Ao R 4 8 o D/ TR R AT B
SCs V- 13 R LAH g O 75 1) oA P9 SRR T L 8 A
JKCASE BB AT T 4 1 583 R R 0, S B R — R

5 %58

A SC UL CLASH 3t H A i dis s 4%, ]
Python #4 £ T & T Bl HIL 2R AR5 05 1 52 I 3R B £ 3
A TR 3 o e 2 A LA LU AL, DT f 0 A
TR MERR A . T SRR AS SCH H A R B o000 A 7

/N B
32

5

M 392 T8 P € 55 5 I TR A 3 B R S 1, oy T K A
AT A0k BE AL R e A R R, S BRI RE &
PRI 1H 2 0 R 3 ol — 6 52 W) 5 47 TR DR AR AR R/ 32
B LIB 5 R AL B AR 4 T 2 M R i, ) R
M AN R 5 T S5 D 5 J32 X A 9 ) 52 e A 708

3 BT 2% AR AR T UK J32 52 0, DS 2R £ B2 %, ]
LA A5 TR AR A 0 45, 25 57 X 0 00 A B2 52 o /s 1 o
Ak, PR B R IR R B R, SR — A0 4 R RS Y A9 JRE 5 A
TR EEYE, TR R RN B R, A T

F R B2, K AR SR ST Y B AL AR AR T 458 8 5 A i
i 2 o 245 AR A BOIOR JE HE AT 0F LE, SR R, BEAL
RRARY PRS2 20T 42 i 2 M 45 . Beoh, BEAL
RRMRFE IR 45 1T R 2 B0 B0 TR B2 14 32 1
RN, Sy i — 25 X R A 2 O e 4R AR
ARSCHIBTFE, 2B 14 BE ML AR PRIR R I T R
I A, S A 3 SRR R SR 3 T — MR 9 T
0BT B SR R R BT SR e e M B AT BRI
S BRI 1

R, B B R AR 2

SE K

(1]

(2]

(3]

(4]

(5]

(6]

(7]
(8]

FAT, R E, TR B OO AN BRG] K AAGE RIS, 1996(1): 58-63.

Wang Hong, Zhou Jiabao, Zhang Jiachang. Estimating of irregular wave overtopping quantities on single sloping[J]. Journal of Nanjing
Hydraulic Research Institute, 1996(1): 58—63.

e N RIEHNE S22 0. JTS 145-2015, ¥ 0 SHTE K SCRIE[S]. dbnt: AR HipHE, 2015.

Ministry of Transport of China. JTS 145-2015, Code of Hydrology for Harbour and Waterway[S]. Beijing: China Communications
Press, 2015.

VEALEL. R BR  SOBR RIS [D]. m at: iK%, 2006.

Fan Hongxia. Expermental study on the overtopping discharge and overtopping flow of the sloped[D]. Nanjing: Hohai University, 2006.
MREE, Fzs N, 75 ASEUUEVE T iR & il Gt 0], /Kiz TR, 2010(3): 1-6.

Chen Guoping, Zhou Yiren, Yan Shichang. Test study on wave overtopping under irregular wave action[J]. Port & Waterway Engineer-
ing, 2010(3): 1-6.

PRpa DT, T, kot 5. IR IR 1 B 7 =R TR IR KA S0 [J]. Bl= 4R, 2019, 64(28/29): 3049-3058.

Chen Songgui, Wang Zeming, Zhang Chi, et al. Experiment on wave overtopping of a vertical seawall on coral reefs in large wave
flume[J]. Chinese Science Bulletin, 2019, 64(28/29): 3049-3058.

Liu Ye, Li Shaowu, Chen Songgui, et al. Random wave overtopping of vertical seawalls on coral reefs[J]. Applied Ocean Research, 2020,
100: 102166.

Owen M W. Design of seawalls allowing for wave overtopping[R]. Wallingford: Hydraulics Research Station,1980.

Allsop N W H, Bruce T, de Rouck J, et al. EurOtop II manual on wave overtopping of sea defences and related structures[R]. Deflt: Tech-


http://dx.doi.org/10.3969/j.issn.1002&#8722;4972.2010.03.001
http://dx.doi.org/10.3969/j.issn.1002&#8722;4972.2010.03.001
http://dx.doi.org/10.3969/j.issn.1002&#8722;4972.2010.03.001
http://dx.doi.org/10.3969/j.issn.1002&#8722;4972.2010.03.001
http://dx.doi.org/10.3969/j.issn.1002&#8722;4972.2010.03.001
http://dx.doi.org/10.1016/j.apor.2020.102166

10

VT 45 6 T BE ML AR M 19 52 i R R T 0T 5 113

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

nical Adcisory Committee on Flood Defence, 2016.

Ward D L, Ahrens J P. Overtopping rates for seawalls[R]. Coastal Engineering Research Center Vicksburg MS, 1992.

EPRAE, TR, e, S RSO Tk L), KB AR, 2019(5): 27-31.

Shu Yehua, Xu Yuhang, Xie Xiankun. Comparison of calculation methods for overtopping discharge of composite seawall structure[J].
Port & Waterway Engineering, 2019(5): 27-31.

Oliveira T C A, Sanchez-Arcilla A, Gironella X. Simulation of wave overtopping of maritime structures in a numerical wave flume[J].
Journal of Applied Mathematics, 2012, 2012: 246146.

SRIER. FLIUIRE-5 A LU Fr) M S TR BB AR [D]. | M- AR B R, 2016.

Guan Dawei. Numerical simulation of regular and irregular wave overtopping against seawalls[D]. Guangzhou: South China University
of Technology, 2016.

HEAR, ROKE, Wi, A5 S AR A HL R A UBIETE (0], AR K AR AL, 2020(3): 112-118.

Dong Zhi, Guan Dawei, Miao Qing, et al. Numerical simulation of regular and irregular waves overtopping on composite section sea-
dike[J]. China Rural Water and Hydropower, 2020(3): 112—118.

van Gent M R A, van den Boogaard H F P, Pozueta B, et al. Neural network modelling of wave overtopping at coastal structures[J].
Coastal Engineering, 2007, 54(8): 586—593.

Formentin S M, Zanuttigh B, van der Meer J W. A neural network tool for predicting wave reflection, overtopping and transmission[J].
Coastal Engineering Journal, 2017, 59(1): 1750006.

XRps, TR, RS, 5. J6F A T3 BEAY S3p C Bi i SRR i PEAL i F 98 5 1 FHI]. KB #E 11, 2019, 40(5): 541546, 587.
Liu Shixue, Wang Shoujun, Chen Songgui, et al. Research and application of artificial intelligence based method for overtopping assess-
ment of straight slopes[J]. Journal of Waterway and Harbor, 2019, 40(5): 541-546, 587.

Liu Ye, Li Shaowu, Zhao Xin, et al. Artificial neural network prediction of overtopping rate for impermeable vertical seawalls on coral
reefs[J]. Journal of Waterway, Port, Coastal, and Ocean Engineering, 2020, 146(4): 04020015.

INIIES, BERR AR, PN, SOt RENLARM T IR 23R 1], SRS B ARHE, 2019, 3(20): 28-30.

Sun Mingzhe, Bi Yaojia, Sun Chi. A survey of improved random forest algorithms[J]. Modern Informationn Technology, 2019, 3(20):
28-30.

B Beit# 2 OB M. de st IR E R, 2012,

Li Hang. Statistical Learning Methods[M]. Beijing: Tsinghua University Press, 2012.

SRS, NHGETHIM]. ALt SMETER 5 KA AL, 1998.

Jia Huaiqin. Applied Statistics[M]. Beijing: University of International Business and Economics Press, 1998.

ARTUR, AR T, ARBTS, 45, SETREHLARAR 22 BB B i e SR AR IR R DTSE (0], AR R R 2741k, 2020, 41(4): 38-48.

Lin Zicong, Ren Xiangning, Zhu Axing, et al. Research on the index system of cultivated land quality grading based on random forest al-
gorithm[J]. Journal of South China Agricultural University, 2020, 41(4): 38—48.

WREPE, 4571, SR E . A S 0 AN = A sEma [J]. 8 TR, 1992, 10(4): 59-67.

Chen Guoping, Yu Guangming, Zhang Jiachang. The effect of berm width and elevation on irregular wave run-up[J]. The Ocean Engin-
eering, 1992, 10(4): 59-67.

Overtopping prediction for composite slope breakwater
based on random forest method

Hu Yuanye ', Wang Shoujun', Chen Songgui®, Liu Ye?, Wang Jiawei'?, Tian Yunyan'?

(1. National Demonstration Center for Experimental Mechanical and Electrical Engineering Education, Tianjin University of Technology,

Tianjin 300384, China; 2. National Engineering Laboratory for Port Hydraulic Construction Technology, Tianjin Research Institute for

Transport Engineering, Tianjin 300456, China)

Abstract: Aiming at the problem of calculating overtopping of the composite slope breakwater, a prediction model

of the overtopping for the composite slope based on the random forest method is proposed. Firstly, by filtering the

European CLASH data set, the data consistent with the prediction of overtopping of the composite slope breakwa-

ter are selected. Secondly, after dimensionless processing of the data, overtopping prediction model is established

based on random forest method, and improved by adjusting the model parameters according to GridSearchCV. Fi-
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nally, the coefficient of determination R” is used to evaluate the accuracy of the model, and the prediction ability of
the model is compared with the ensemble neural network model. The effect of each feature parameter of the ran-
dom forest model on the prediction accuracy is assessed. The results show that the coefficient of determination of
the random forest model is 92.7%, and the coefficient of determination of the ensemble neural network model is
87.7%, indicating the random forest model has a stronger prediction ability for predicting overtopping. Wall height
with respect to static water level has the greatest influence on the prediction accuracy of the model, the height of the

top of the embankment is the second, and the width of the foot of the embankment least.

Key words: random forest; overtopping; composite slope breakwater; coefficient of determination; feature importance;

prediction
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