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Abstract: The use of levees is one of the most prevalent and effective strategies for flood protection. However, owing to the ageing of
levees, inconsistent reinforcement efforts, and complex geological conditions, hazards such as piping frequently arise during flood
seasons, which lead to significant and often irreparable damage. This study investigates backward erosion piping (BEP) in the
foundations of double-structured levees via a back-propagation (BP) neural network optimized by a genetic algorithm (GA). The
primary contributions of this study include: 1) the construction of a training dataset through numerical simulations of BEP in
heterogeneous aquifers and validation of the dataset against laboratory sandbox piping tests to verify its reliability; 2) the extraction of
head H and permeability coefficient K data from Groups I, 111, and IV in the BEP laboratory tests, augmentation of the dataset, and
optimization of the GA-BP model to characterize test results in Group |, where the results demonstrate that the optimized model more
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accurately characterizes areas where the K< 1.0 cm/s; and 3) the use of the optimized GA-BP model to characterizes the development
of a BEP channel. The results indicate that the model accurately captures the general trends. However, minor discrepancies remain in
the characterized channel location and size compared with the actual conditions. In conclusion, this study offers an effective tool for
characterizing BEP and demonstrates the potential of the GA-BP network model for practical applications in this field.

Keywords: backward erosion piping; piping channel; back propagation neural network; genetic algorithm; permeability coefficient
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Table 1 Prediction accuracy evaluation of BP network and GA-BP model

ik /GRS R? MAE MBE RMSE
Bp IS 0.938 (20.008) 0.0101 (20.001) 0.0019 (20.0001) 0.0369 (40.002)
MR EE 0.932 (20.015) 0.0112 (20.001) 0.0019 (20.0001) 0.0366 (40.002)
CABP [EizS 0.953 (26.007) 0.0086 (20.001) 0.0010 (20.0006) 0.0347 (40.003)
RS 0.952 (+6.008) 0.0089 (+0.0006) 0.0016 (40.0001) 0.0356 (40.002)

T RINHAE A b WIS TEIRET A (MR

FHEE 1 %0, GA-BP HLALLEFIIKE B . fooE vk
FZABE 17 T BP AL, MR AE P2 e sE
ZH R2L% 0.952, MAE. MBE il RMSE )& #
KT BP BAY, RO R E K. SPPhTE
bt 22 PRI/ 3 — 20 i WA A B S 4 FA) A5
YE &M Ak, BUEEIE A BEk S R
AR, SR TR A SRR S R — 2, R
I S SR Az A RE ST

BT EiRor#r, GA-BP BAITEREE . R tEm
ZALRE T TS BP W4, Rk, FRATiE
JE GA-BP B AEE RZET FIAZ 0, IER
HMNHT R8T

4 FHHRENT GA-BP AL (1) fE

41 FREH
FEE MR, EIREIRE B B 22 7
PERE R, EAEECR SR P U o XAl

P2 S A R E R R AE V2 % R AR RIRE ), JUH
TERNBIE X3, HP R 2= o e . #5 R R
FE IR B 18 RECSA BN E, "REFEL
KEE B ER TRk B R T kA,
25| NS o ma i RS E I . MR I, A
EFEEIN 1L T 1V A5 B E s LY e 208l
£, IR FTBIRE R BN GA-BP WX 4 R 7 R AL K FE
s, T R&HE 2 fr, 3 A EHE
75 R AR AR I LR s, T R
AR E/TE SR
42 BERAHT

ANFEIIZTT ZHVHE B 3 3 frox. K 9§
TN T & TT RGN R R AGAE R, B 10 BT %
EALES SR e Lol AN N NEES
TR RA S L. R 3 AT, A HuEA
ifb)a, % 1~3 1 R 0.95 27+ 5 0.96, MAE
M. 0.009 [% % 0.008, MBE M 0.016 % 4% 0.015, RMSE

K2 ARAEEERIIIGT Rt

Table 2 Design of the training scheme for different datasets

PRIEAE (RS BB R

ES VIEER = 6 H KR SR - H% Ty RAEER
1 2000 11 (T=845) 203 406
2 4000 11 (T=845s), 11l (T=863) 212 848 R 1 (T=755): (H, X, Y, Ly; K)
3 6 000 11 (T=845), Il (T=86's), IV (T=84 5) 226 1356

R 3 NRTTRFACKE EIAEHRE

Table 3 Data for assessment of characterization accuracy of different schemes

e IS WA
- R? MAE MBE RMSE R? MAE MBE RMSE
0.950 52 0.009 105 2 0.001 625 2 0.035 973 0.948 05 0.008 810 7 0.001 687 6 0.035 757
0.957 57 0.008 405 9 0.001 604 1 0.033 833 0.958 16 0.008 3410 0.001 6507 0.034 884
0.961 29 0.008 089 6 0.001 504 0 0.032 518 0.961 65 0.008 142 2 0.001 486 0 0.032 628
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Fig.9 Fitness functions for different schemes
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Fig.12 Characterization of permeability coefficient field for test I (T=75 s) by different schemes
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Fig.13 Reverse erosion channel map for the original test
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