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Analysis of rainfall nowcasting for landfalling tropical cyclones using pySTEPS

Zhou Yanping' , Huang Yi', Yang Jian>’
(1. College of Mathematics and Physics, China Three Gorges University;
2. Key Laboratory of Geotechnical Mechanics and Engineering of the Minisiry of Water Resources, Changjiang River
Scientific Research Institute; 3. College of Civil Engineering & Architecture, China Three Gorges University)

Abstract: The predictive capabilities of three nowcasting models (S-PROG, Extrapolation, and ANVIL) for extreme rainfall induced
by tropical cyclones were evaluated using the 2017 Hurricane Harvey rainfall event as a case study. The results indicate that the ANVIL
model shows the best performance in simulating the spatial distribution of rainfall, but systematically overestimates heavy rainfall
intensity ; the S-PROG model shows a lag in tracking rainfall intensity variations; and the Extrapolation model achieves the highest
stability in short-term (0-2 h) nowcasting, accurately capturing the peak rainfall intensity and its temporal evolution. The fusion of
high-resolution meteorological data and multi-source data can significantly enhance model performance, and the combination of radar
extrapolation techniques and deep learning algorithms shows great potential.

Key words: rainfall nowcasting; tropical cyclone; Doppler radar data; extreme weather
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Table 1 Hurricane events affecting Houston during 2013-2023

A2 WA TFAR 8] LEII ] IR R FEK B/ mm RN/ Kt
1 KAREN 2013-10-03T06:00:00 2013-10-06T06:00: 00 286 55
2 BILL 2015-06-16T00:00:00 2015-06-18T00:00:00 383 50
3 CINDY 2017-06-21T06:00 ;00 2017-06-23T00:00:00 474 50
4 HARVEY 2017-08-25T06:00: 00 2017-08-31T12:00:00 1536 115
5 BARRY 2019-07-12T18:00:00 2019-07-15T06:00 : 00 598 65
6 IMELDA 2019-09-17T12:00:00 2019-09-19T00:00 00 1123 40
7 OLGA 2019-10-25T18:00:00 2019-10-26T06:00:00 260 40
8 CRISTOBAL 2020-06-08T06 : 00 : 00 2020-06-08T18:00:00 386 50
9 HANNA 2020-07-24T06 :00 ;00 2020-07-26T06:00 : 00 374 80
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Comparison of different physical mechanism fusion schemes for groundwater
level prediction by graph neural networks

Liu Bo, Wang Jiabao, Li Zhiyong, Jiang Wei
(College of Hydrology and Water Resources, Hohai University)

Abstract; To reveal the influence of different physical mechanism fusion schemes on the groundwater level prediction accuracy of graph
neural network (GCN) , six graph convolutional network ( GCN) structures with different physical mechanism fusion schemes were
designed based on the daily groundwater level data from 114 monitoring stations in the Poyang Lake Basin by comprehensively
considering the physical factors such as spatial correlation of groundwater levels, surface water-groundwater connectivity, and rainfall
lag effect. The groundwater level prediction accuracies of the six schemes were compared. The results from the Poyang Lake Basin case
validation show that the GCN demonstrated excellent overall simulation capability and accuracy when predicting the dynamic changes of
groundwater levels; the R of all schemes exceeds 0. 9. The scheme fusing one-month-ahead rainfall and surface water-groundwater
connectivity attributes achieves the highest accuracy (with an MAE of 0. 060 1 m) , improving the accuracy by about 6. 8% compared
with the single distance matrix scheme. Taking rainfall lag into account characterizes better the delayed response of groundwater levels
to rainfall; moreover, the connectivity attribute matrix yields better RMSE improvements for phreatic well water-level predictions than
for confined wells.

Key words: groundwater level prediction; graph neural network; physical mechanism fusion; feature selection; graph structure; the
Poyang Lake Basin
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Table 2 Prediction accuracies of each scheme model

Wk T2 MAE/m RE/% RMSE/m R?
GR 0.0618 0.20 0.1304 0.9799
D+P,_, 0.0626 0.20 0.1347 0.9786
GR+P_, 0.060 1 0.19 0.1306 0.9799
GR+P,_, 0.0618 0.20 0.1317 0.9795
D+P,_, 0.0644 0.21 0.1322 0.9794
D 0.0645 0.21 0.1318 0.9795
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HE . AFsTE GG T AR 2Rk B35 Ok 4 38 e R LM 2B AR 2 T A TRALR
SRFFARILFORAEG MR EMIER  BIMESREREEY, FAILT B35 L RIE
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R EM PR TR 20 B, BTIEE S FIE E 80% ;5x5 A IE M T3 F AR £ B 60% , B %
T PR R IAT v REH & MO B RIEAR RS TN S HE(A 1kmBR) 55 A4
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AL 5 AT R R AR
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Study on rainfall field construction based on rain gauge-microwave data fusion

Ou Sicheng', Shi Xiaowei', Liu Daojun', Xu Weili', Yang Tao’
(1. China Yangize Power Co. , Lid. ; 2. Institute of Water Science and Technology, Hohai University)

Abstract: To address the problem that traditional interpolation methods are difficult to effectively fuse rain gauge and microwave link
rainfall observation data, a collaborative reconstruction framework for rainfall fields based on a stochastic hybrid Whittaker-Shannon
algorithm was proposed. By constructing a synthetic rainfall reference field, the two-dimensional precipitation reconstruction
performance of single-source interpolation of rain gauges and dual-source fusion of rain gauges and microwave data was systematically
compared. At the same time, an image smoothing technique was used to mitigate the problems of excessive noise and lack of
smoothness of the stochastic reconstruction method in rainfall field construction. The results show that the spatial reconstruction
accuracy of the stochastic hybrid Whittaker-Shannon algorithm is significantly positively correlated with the rain gauge density and
microwave link coverage. Moreover, as the number of possible reconstructed fields increases, the accuracy is better; however, when
the number of possible reconstructed fields exceeds 20, the overestimation rate of rainfall extent increases to 80%. The 5X5 mean filter
can reduce the root mean square error by 60% , which is significantly superior to the median filter and other window scale schemes.
Microwave link data have complementary value in enhancing the spatial resolution (up to the 1 km scale) and dynamic representation
capability of rainfall fields, providing a scalable and highly promising technical pathway for real-time data assimilation of urban
hydrological models under the 5G communication context.

Key words: rainfall field construction; stochastic algorithm; microwave link; microwave rainfall attenuation; data fusion; image
smoothing
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AR S S R Se il e B R X — 1), L A2 B B FJE T R R R T/E, Kramer 251"
G350 e BT PR 0 e 3 T A K TR T, B TR i R 7 M A GE TR R T AT 25N FE 5 Messer 25U BFSE T
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s f IR s 0 RGN IR 5 C,, I IGHIRIR 5 b S Te e 8z, B R S AL

YT A R R 3 T A A R I RSO B R A3 R P, PR 5 R R RO Ak T IR] — i 4, — 3 2 il
S B AN EAER , BURT L8 2 AR RE AT R 2 A

, /\2: Do N
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FHRRE A, , K R(x) 5 Z () BIXTRESEAT A, PRI T4 25 Sl 4% 4% ( microwave links , MWL) [
FEAE L (21,2, ,c) P ¢ B AE0 W) Z (o) B BEAR V- X BRI AR AN
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Fig.4 Comparison of mean filter processing at 12:22
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FIRGE (AR TR SR TS PF4  BS W4 ) |, LA LA i 0 (2R 25 SE TR 2 ¥R
R MRRZE(R)) , IR T W 3 A (rain gauge , RG) I T A I i 37 5 2 Tl % % il 5 (RG+ MWL)
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HIZ& 1 AJ0,2015 48 8 A 23 H 1222, 3T RG Fdli (9 5o —FAY I 51 37 19 - iR 22 B0 7 iR 25 8¢
KA REERAR(<0.5) AP RE G (>0.7) , iz i i, TS ¥4 KF 0.5,BS #F4r#EiE 1 HKF
1, R EH W BN TE B LG T, M IET RG A —EH W 7, 3T RG+MWL (AW 8374
THHE bRl B BEAR O ELAE 3, 2015 4 8 H 23 H 14,22, 3T RG AUl 0 s — EA W IR 28K, ar
ZARE (>0.95) IR T 0, TS TE4F AT 0. 85, BS ¥EA M fintain 1 H AT 1, R E I 7ERE G
FEl WS A i), AH LT RG B — MW 4, 2T RGHMWL (1) FE 44 W £ 4 25 048 A AR By AR
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Table 1 Accuracy of reconstructed rainfall field based on RM algorithm

it % ERikie VR/mm Sim/mm TR /mm LR/ mm B TR /mm HDGRE
2015-08-23 RG 0.653 0.748 0.095 0.834 2.01 0.382
Ti2; 22 RG+MWL 0.653 0.712 0. 060 0.798 1.86 0.469
2015-08-23 RG 1.773 2.116 0.343 1.219 2.01 0.576
T14: 22 RG+MWL 0.653 2.069 0.296 1.070 1.742 0.657
i %1 A AR TR &S R TS P43 BS 143
2015-08-23 RG 0.737 0.263 0.340 0.534 1.116
T12: 22 RG+MWL 0.776 0.224 0.308 0.577 1.122
2015-08-23 RG 0.951 0.049 0.071 0.886 1.024
T14:22 RG+MWL 0.970 0.030 0.072 0.902 1.046

FHRREORT 0. 65, A3k 0. 970, THHARH

g5 b T REYIR A AL A I Y, 76 2270 e 2SR 30 v B TR 1 9 1 B 20 9 1 2 AR G 20N AR
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Fig. 6 Observed rainfall field and distribution of rain gauge stations
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Table 2 Accuracy of mean rainfall field based on microwave fusion data

i I SRR i ADIRES VR/mm Sim/mm IR ZE/mm EHEXTIREE/mm I TRIRZE /mm AHIEEREL
2015.08.23 B 0. 653 0.712 0. 060 0.798 1. 860 0. 469
T12. 2 S AEMIIE 0.653 0.819 0.167 0.554 1.080 0.676
’ 20 A HEH A H 0.653 0.784 0.131 0. 504 0.944 0.725
2015.08.23 H—F 1.773 2.069 0.296 1.070 1.742 0.657
T14.22 5 ANE A EIE 1.773 2.029 0.256 0.770 1.213 0. 804
) 20 HEAEIIE 1.773 2.024 0. 250 0. 684 1. 062 0. 847
A Y 3 AL ik it # RN & 2 HF TS P4 BS 143
HB—HY 0.776 0.224 0.308 0.577 1.122
20;?'20_82_223 5 AN E A EIE 0. 944 0. 056 0.410 0.570 1.599
’ 20 A HEH A IE 0.977 0.023 0. 461 0.532 1.813
2015.08.23 B 0.970 0.030 0.072 0.902 1.046
T14.92 5 ANEA I E 0.999 0.001 0. 099 0. 900 1.108
’ 20 A EH A E 0.999 0.001 0. 097 0.903 1. 106
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Fig.7 Linear fitting
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TR bR TARE , JUHE 2SN BS 3753 I WA oE— 2B B s W AE e 24 i A 0 v | 1R 22 27 /N i B
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A R A A Y,

x3 HIETELEWNEFBES N

Table 3 Accuracy analysis of rainfall field for data smoothing

WY VR/mm Sim/mm SEHIR 22/ mm AT IRZE/mm R IR 2/ mm AHIRREL
HI Tk 12,22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22

20 MEMSIE 0.653 1.773 0.784  2.024  0.131 0.250  0.504  0.684  0.944 1.062  0.725  0.847
WI{EEDE (3x3) 0. 653 1.773  0.779  2.012  0.126  0.239  0.487  0.664  0.905 1.040  0.747  0.853
PIEIEDE (5x5)  0.653 1.773  0.775  2.003  0.123  0.230  0.483  0.655  0.894  1.031  0.754  0.855
FPEDEN (3%3)  0.653 1.773  0.764  2.015  0.111  0.241 0. 481 0.670  0.909  1.044  0.744  0.852
FFEIEN (5%5)  0.653 1.773  0.755 2.006  0.103  0.233  0.472  0.662  0.895 1.036  0.752  0.854

WY iy R TR g e TS P43 BS £
it/ WiRiN 12.22 14.22 12.22 14.22 12.22 14.22 12.22 14.22 12:22 14.22

20 EMIHME 0.977 0.999  0.023 0. 001 0.461 0. 097 0.532  0.903 1.813 1. 106
P{HuEd (3x3)  0.986  0.999  0.014  0.001  0.470  0.097  0.526  0.903 1.860  1.107
PIEDENE (5%5)  0.988 1.000  0.012 0 0.473  0.096  0.524  0.903 1.875 1.106
PP IENE(3x3)  0.982  0.999  0.018  0.001 0.457  0.096  0.537  0.903 1.811 1. 106
TPEDEDE (5%5) 0.983  0.999  0.017  0.001  0.457  0.096  0.538  0.904 1.8l 1.105

4 % E
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(1 PR R SOKRBEIREBE 5 2. R SR SR /K SCRR A TFI SRS % 3. b A K SCE B 5 s
4. KRR B b ORSOKBEE R R 0 ) 5 5. WAL BRECABRA ;6. LRUEE/KSUR)

W, A TR AR S SRR E S VORI SRR IR EH AR A
BRI, M T R TORERIEA L B0kt 3 RIEKRRRSF ik, oM ZMNEHEL IMERG 2
B R B, RS B B 5 PR 0 Bk A TR | SF VA% Rk & % /K 248 3K 3) WRF-Hydro 7K
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Applicability evaluation of WRF-Hydro model based on multi-source merged precipitation
for runoff simulation in small and medium-sized rivers

Li Zhenxin', Yao Cheng'~’, Yang Fengyuan’, Hou Aizhong', Sun Yuanyuan’, Li Jingbing’, Gong Junchao'
(1. College of Hydrology and Water Resources, Hohai University;
2. Key Laboratory of Hydro-Meteorology China Meteorological Administration
3. Hydrological Survey and Research Center of Hebei Province;
4. Information Center, Ministry of Water Resources ( Hydrology Monitor and Forecast Center) ;
5. Hubei Yangize River Zhongxing Technology Co. , Lid. ; 6. Anhui Provincial Bureau of Hydrology)

Abstract: To meet the needs of hydrological models for high-precision precipitation data, with the humid Tunxi Basin and the semi-
humid Zijingguan Basin as the study areas, a multi-source precipitation merging algorithm based on external drift kriging was
constructed to merge the measured precipitation data at stations and the IMERG satellite precipitation data, generating merged
precipitation data with high precision and high spatiotemporal resolution. The WRF-Hydro hydrological model was driven by the merged
precipitation data to conduct runoff simulations in the study areas, and its applicability in flood forecasting for small and medium-sized
rivers was evaluated. The results show that taking the measured precipitation data at stations as the benchmark, the satellite
precipitation data exhibits a serious underestimation of precipitation intensity in the Zijingguan Basin, and the evaluation indicators of
the merged precipitation data are better than those of the original IMERG satellite precipitation data. Furthermore, the WRF-Hydro
model driven by the merged precipitation data can better simulate the flood process than that driven by the IMERG satellite precipitation
data, and the model shows stronger applicability in the humid basin than in the semi-humid basin.

Key words: multi-source merged precipitation; satellite precipitation; WRF-Hydro model; small and medium-sized river; runoff
simulation; the Zijingguan Basin; the Tunxi Basin
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AL , 53 A 2K SO RS 25 8K SCSEIGT AR 43 T8 139 23 ) S o e, 338 FH = v /T i kK i
FH 3 [ [ K AFE 0 (NCAR) B & 1 WRF-Hydro #8235 — X434 XK SCRERY | 728 AR H00RG B2 44 1
FE rh/INAT LRI P BT A A

Eg 7K e 7K SRR AR 1) o R B AR o, ORGP TR B i T AR AU 48 SR P G B S g ) 3k
B 7RSI 1) 5 B A A 5 T 3l ORI A0 5 TR o S TR T 3 Je S O T s S AR R R R, (s
) AR HLAR 5] R TR 185 TR IR IS I SR e 25 i e Mo (R 22 5 KT B Kl A 4 R S 3ot
PRI ] B AN IR DR /K S 1 D00 32, T A b B0 5 38 e /K 3 B O M 25 i3 82 R A D Bt AIL
FRMGE SRR 5 B4 (Kriging with external drift, KED) #1" BUAIAS [ %1*) 45  Jerp KED i
PV 23 (IR DGR 38 40 R T 22 R B800E (4 43 1R 43 A R AF , 1T 4R TR KA T R i 5 mT ekt
Jewell %51 R Z2 P (B 7 ZE il & T ik B /K 55 TR0 SR K, % B0 KED T 76 T8 TRy 28 o 1 4 v
EEVERR . PRI, R /K Rl S B2 0 T T8 A ok B K Rl 5 7, AR Bl K SCREAY | i FH A2 A4
KiRE . EIZES R IR R 5 D R 5 B 4l 5 ) ik, A GPM T2 /K i -5 T 3l S 0 4
FFBR SR SCRERY | R IR 7= oA B 2 R T, 2B AR T T K SORE A (g A8 AT R, SRR 45T
CMORPH T2 RE/KEE 5 Wl SSE a5, 973K 3l WRF-Hydro #5286 0 0] it Btk A 7 42 I A 4L, & 3
il KK AE /NI KT b B AR T 5 an TR B . (B BIFFE R 2 5T X e X a4 7 22 IRl & K
VRS T TR TR I8 SO R K BAE AR A [R5 X R 22 R TR AN [ Rl R Kk B8 70 A [ A S 3 14 vh /N il
AR IS AL r )3 P iR A e A P4

AR SCHE BT VR A k- SRR S e o A 5 X, L IMERG ( Integrated Multi-satellitE Retrievals for GPM) T
SRR KA 5 L S A B U SR KED 34 1l 22 TRl 5 B K, DA 358 T 22 U5 &5 e /K B8 1Y
WRF-Hydro A5 AULE 118 Yt 45 5 - R0 i s ) v/ NI A2 AT RCR, , AR Bl il G H R 5 WREF-Hydro #%
RYTE e/ INRT I P K TR e 4 7 FH R AR5 5 2 2%

1 R SHIE

1.1 HREXHER

R, TR 227 i, 28 4R FE VG N 29. 5°N ~30. 0°N (117. 6°E ~ 118. 5°E, i B F2 2 670 km? .,
VR I ) i I, SV S ARGE S, W S T K LB N LK, K BERKBE . doi s Tt
P A R M R R, AR 15~ 17°C, Z4F - 3B K 5 2928 1 600 mm , 2 LAY {4 95 3 /N itk
SR IR T G T S AL S HE ] i, 2 A VIR R 39. 2°N ~39. 7°N (114, 5°E ~ 115. 2°E, i d i f1
1760 km* , [ TE K 81. 5 km , GBI 5. 5%0, Z 11X, JEK T2 7= {2, 2 5k 9%, Wi op iRt 48 1k
BER KL R RATRAE . SRR T bl 2 1R i P 2 WS, AR X RIR 2 13.8°C, Z4FE T8
FEK 2 682 mm SRR T 50 /N, A DI P R Rl R S oA an gl 1 R,

RO

; 15 y
0 510km baIg 0 510km s (EIITJXH
w99 — bl — — Wl A
(a) HEHH (b)) SISk

E1 fFRREER

Fig.1 Overview of study areas
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1.2 WR#IE

IMERG £4i /2 423K K W 3140 GPM 1y s — 10 2 T AL 4R il /K 85l 7= o, L2 B8 2 VOTB iR
ARUSOT CIMERG BUE R A A BEE R 0. 10, /NI AR3ER 0 0. 5 b, 23 [ 26 4Bk, AR SO A vl Ak 3
WRE S KA RS2 2 IMERG 0405 7T 43 A3 52 B 7= iy IMERG-Early , IMERG-Late DA K J5 40 B 7 iy IMERG-
Final, IMERG-Early 7EMN)5 4 h % 75 ,IMERG-Late 7E VLIS 14 h K AT, Wi I A ZATAn] i vé 50408 42 1E 1)
afi TR I S B 7K 7 i s IMERG-Final 7EWGI S 4 A %A, 28 7 RUBE T WL A 98 42 0, 2 PR - i H Rl G
BT Al R IMERG-Final 72 5oRE BEAHX A, IMERG-Late 7= (i YK 2, IMERG-Early 7= i ¥ % £
2%, AR TERETE I AE SR N A, AR SCR T IMERG-Late 7= i fE 4 TR £ R

WRE-Hydro F78) 3= Ly A\ B Sy b 3R S 5008 5 G ot Bd . b 3 S 500 5 20 P £5ais |+
FF eI R 1 AR 045, T B0 A VR T 3 TR LT 35 A 22 RO K SO0 HE i 14
(HydroSHEDS) , 1 WRF-Hydro ArcGIS Pre-processor Rif Zb B T B4k 3 A= 1%, 32 B4 35 25 A% 0] I 0 1) 25 4%
P 5 H Ay b B ER S B0 P8 O] R T WRF ( weather research and forecasting model ) 455 2 fif 4b B 2 4t WPS ( WRF
preprocessing system ) E/‘Jﬂﬁfﬂﬁ?ﬁ?ﬁﬁgﬁ, H WPS FiAbFE RS A R, A58 B 3 26 A ST I e
S HR SR MR AE TR K, o KB R IMERG T 2L R /K 5 TR o 3 S T 8 /K il 45 4=
LR Rl e K B, I 28 43 BECA 1 h 1 km; HEAR S50 38 4048 1 GLDAS ( global land data assimilation
system ) HCHE 723 1] L XULR R 1o )1 2R MR A ) SRR MU 25 A0 1 h 1k O350 B0
TIF 55 B BRSO Ak Sy v V& S b 15 5 9 56 T ok ) S0 88 -5 1 10 OB v %) S0 3 2, 32 1 K SCAR S
2 WMRFAE
2.1 WRF-Hydro #%!

WREF-Hydro #5712 iy 92 6 [ K K SBRIE OB &, f5cb) 2 F A BSGHE WRE B () i /K S R 3 12
PERE K SO R 5 RSB R RE S, B L R WREF-Hydro B0 B 28 Ji o HA Wy BRIERE | 7o i 25 4
B Al LS RS & BB LB 17 19 43 A5 sOK SRR WRF-Hydro #6735 %24 55 fili v 4 2 A 7 455
B LTS A HE R AR B AT AR | MR KRR R T K R P WREF-Hydro A5 7 4 i i
TR R e (R HGE B T HGE B YR ) SOKE GEZEE TS BB ) (9 1 E R R R
§2 BB N SR 1 82\ < | e R B 2 1A L N b 2 B IR L B
K3k MR K Sk R R4 SR (] i 2 A R R TR — B 20 A9, WREF-Hydro 57 (4 4 #1 i
A Z R R E , A SRR Noah-MP ( noah multi-parameterization ) 153  J7 3B Y 3 R FH T H#0E , Hb
AR K RS AR (30 Bl TS A 20 B R R 1 ke, TR E) 25K 60 s, TSR R o A 43
PERUEE N 250 m, HAMHE] K 15 s R A ka2 K 1h,

2.2 BhEFZE

KED 75— R i G240 s, R SO LAk I —Fh e 20 12 o — A s A s L 5
bR AR 2 [ R 4 i AR S R BV S B/ R 75 S5 B0 B ARAR B EA T4, #eidiad KED ka7 TR REK FE
IR B I, TR K ME— (Y AR S, 3l S K oA B RR AR

RN o AL RRLE BEAKMETHE AT

P = 2 0.0P,. (1)
AP, g AT MK 0, ST S o X4 9 55 LA ; P, SRR o O SEIMREAK 3,
P o P B AR s n R T sl 5
(1) AT KED @il B9 OB 2 oK B &l 1 7e L AR e LA i 3 20 e

dw, =1 (2)

a=1

S wb., =P, (3)
a=1

a 70

D0yt TP =y, L (@=1,2,000) (4)
B=1
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AP, AR o (L E R TURBEKE P, IR xy A TR K E sy, TS, o 8 5 R
Ul BAE xp ZITr 22 5y, AOIE x, 5 xg ZIIED 22 0, g, B IIH T

H T IMERG T AEZHRIT 432K 0.5 h, 25 [0 53 HF 20 0. 10, SRR S G 0038 E i i 25 4 B R T
Bt , RS 0. 5 h 19 IMERG J5L4A TR 850 SN 1 h, 38 5o WU P 47 7 A XL Z8 A 00 [ A | 5 3] 1) 2% 43
b 1h 1 km WRERE IMERG TR, BB R TR B AE Ry 2s R P A &, 45 6 S0 oK H ARAE &, N
KED 353517 Z I8 A, e 2 T2 0 3R 0 1 h (1 km 7 = B2 Rl R/ ™
2.3 BEHAR

U5F WRF-Hydro 58U iy 75 20405 5 K s 47 0 [, 25 PR 58 A [n) 8, A SC7E i 188 i el i B 2016—
2017 AR R R E W ,2019—2020 4EVE N EGIEI , Horf 2018 435070 T & ol BBl gk | il 25 5 % 2890 56 i
B, 52 FRT R UL BERHR D PEEX 2012—2023 AEAE A 4608 91,2024 AEVE S Sl 0 . 5808 1015 56 F 3 X 4 KB
¥ 18 70% R 5E W 30% 55 UEIA K 43, Herh iR s el T 2018 4FF0 2 WOk G | DL 2018 4 R AR 4y e 5
SUEI , B BOK FF M S 2R (R 1) AR TIR 2020 4RSI SE <23 - 77 K, B SN
ERFM Je BT A T KA YR P 1 il i ST R KBS, 36U TR R K S 5 il e /K B OS5 SR 43 i)
LT R /K B 5 il B /K B 9K B WREF-Hydro AR | X6 R 52 W45 37 R b /K R A7 AR AR 48L , I LK SCanh 52
D3 Ry BE v ST A TR S B3R E | IRAT 5 45 B AR BN A S 0 ) A BE S AR s i 430 A T L e oKk 2l
55 Rl W K B B AR OL AT 16 2 B TR Bl 7K SRR | o 6 IE 30145 T /K S R AT AR AL, LA SN 3t Het A0
Tl B2 A Bt A A2 AL

F1 FTERKEHSIT

Table 1 Statistics of major flood events

T ek F FE4f 1] ZETR ] R/ (m®/s) HEK 2K KK B/ mm
20160618 2016-06-18T09:00  2016-06-25T08 ;00 4280 th 246.52
20160702 2016-07-02T09:00  2016-07-10T08 ;00 1980 N 152. 08
20160715 2016-07-15T09:00  2016-07-20T08 ;00 1220 N 86.91
20170611 2017-06-11T09:00  2017-06-17T08 ;00 1730 S 150. 00
- 20170623 2017-06-23T09:00  2017-06-29T08 ;00 4210 h 217.50
i 20190618 2019-06-18T09:00  2019-06-26T08 ;00 2960 /h 217.37
20190702 2019-07-02T09:00  2019-07-09T08 ; 00 1900 /h 160. 45
20190712 2019-07-12T09:00  2019-07-16T08 ;00 4270 h 181. 60
20200618 2020-06-18T09:00  2020-06-24T08 ;00 2010 N 201.49
20200702 2020-07-02T09:00  2020-07-11T08 ;00 5040 523.42
20120720 2012-07-20T09:00  2012-07-26T08 :00 2130 LEN 171.37
—_ 20200717 2020-07-17T09:00  2020-07-23T08 ;00 161 N 79.57
20230730 2023-07-30T09:00  2023-08-03T08 ;00 1980 x 328.57
20240825 2024-08-25T09:00  2024-08-30T08 ;00 330 i 102. 20

2.4 EMNIEER

AV RHCCR) AR (RB) H5)7 4292 (RMSE) 3 A4 bR MR 140 A A K B0
HAHE P R B K SR S0 4 S KRR ) —SCPE | RB 2T AR K BRI T35 S K
ORI S PR 2R RMSE 2T A Kb 530 4 S B K B 2 T 0%

SRAIEHIXTIRE (E,) SRR 22 (By) AR R NSE ) SN T2 (ET) 4 A RIFA
FEARBEUR ™, S5 BELEE FA WM ATREIR 221 T 200 I, MISCWERTLA e e BRI /0 T
20760t UG BGEA He s WEBU IR 2/N T 3 b o, RUSE BT BERL A A ) 55 KA 9 NSE
KT 0..50 I MUK BRI BB A AR T 2 0 NSE KT 0,70 B UK LK i B0
SCHE. — VORI MG Rt DU SO RS U AR LIL, 5 R BV 5 L
TSP B £ (QR) A 2 U B 1 AT

3 GRE5SH

3.1 BMAZERSW
A 26 2 AT R A T K SR A IMERG TR R /KBUE ) R JEHE R 0.51~0. 78, F) 4 0. 63;RB
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JEEN-19. 1% ~30. 9% , 48 XHE T340 12. 7% ; RMSE {5 2. 24 ~4. 43 mm/h,*F3°8 2. 93 mm/h, #l& K%
TKELAE) R J5FE R 0. 88~0. 97,314 0. 93; RB JulFh 0. 0% ~0. 8% , 48 XHE -1 4 0. 35% ; RMSE 5 [l 4
0.94~2.50 mm/h, P-4 1. 47 mm/h, 10 kK GilG KB 1) R 5 RMSE S48 F 1L R B K B0 ; B
20190702 ,20200702 Wizt Kk oh , HiAy 8 Stk fl A oK RB 4a X E /N T TLREREK

%2 TERKEHDERKSRAKEKITENER

Table 2 Evaluation indicators of satellite precipitation and merged precipitation for major flood events

ok SEKIE R _ RB/ % _ RMSE/ ( mmili)
TBEREK il B K TBRREK il A R K TRREK A R K
20160618 0. 66 0.92 16. 1 0.5 3.37 1.82
20160702 0.57 0.92 20.7 0.4 2.39 1. 11
20160715 0. 60 0.93 3.5 0.1 2.27 1.03
20170611 0.62 0.94 30.9 0.0 2.24 0.94
. 20170623 0.78 0.97 25.4 0.2 3.00 1.24
e 20190618 0.72 0.93 -5.9 0.8 2.96 1.61
20190702 0.51 0. 88 0.1 0.3 3.16 1.79
20190712 0.77 0.94 -19.1 0.3 2.76 1.53
20200618 0.55 0.94 -5.2 0.4 2.73 1.13
20200702 0.56 0. 89 0.3 0.5 4.43 2.50
20120720 0.72 0.92 -58.8 0.7 4.25 2.12
sy 20200717 0.76 0.93 =73.2 -0.3 2.18 0.94
20230730 0.46 0.91 -8.8 0.4 5.85 2.51
20240825 0.85 0.98 -2.4 0.0 1.29 0.42

SR I FEEPOK FHAF ) IMERG T2 FEK 5045 R Y5 H 0. 46 ~ 0. 85, °F- 34 0. 70; RB {5 [H A
~73.2% ~=2. 4% , 4 WHE -39 R 35. 8% ; RMSE Ju[E 4 1.29~5. 85 mm/h, -394 3. 39 mm/h, Bl & K Kt
1) R {EFEI 0.91~0.98, 14 0. 94; RB L FI N -0. 3% ~0. 7% , A X HEF-1°4 0. 35% ; RMSE {5l K 0. 42~
2. 51 mm/h, " FHH 150 mm/h, 4 oK milG REKEdE R R RB 5 RMSE ¥ W00 T TLEREK

IMERG 352 R /K B8 7 ol VR Dt Sul R 58 50) S i 3585 0l o SN B8 A Bt 1 8 R G P AH DG 1 IMERG 122
R KB 7E TR L R G 2238/, RB A X SF34(E R 12. 7% (A 78 £850) S it bl s B ™ 36 () R el 22, RB 4
XEYI{E I8 35. 8%, Hir 20120720 37k /K A 8] RB &5 ik - 58. 8%, 20200717 3k it /K 1 [6] RB & ik
=73.2% , " HARAGREK R . X — IR SEA MRS ISR, AW WA IMERG T R 7K E58 it )
TGSz PRIK B B EAE R X X AT RS s HIE A O¢  IMERG T B 7K B8 78 S 18 b I w5 1)
T b K 782 e I 500 T B A R A BB LI 0 | 17 830 DG T i 22 2 2= 1L th, 50 IMERG 12
R K BRI 78 580 S I R4 K 22

T R RB RMSE [ H o] 1, A% F IMERG T2 R KB | il G 98 7K B0 7 8 I 38R 48 90 G It 3k
K BEHR AT R TT
3.2 WRF-Hydro iREIXBSHEE

2 e B v 1 S R K B OB , 5 WREF-Hydro #5780 T35 1) I 46 Ak S 52 R 30 B0 AR DE T, 4% Ak
FESTIABRKIRZE FOR R, JR22{0 5B 105 R KRB0 5 il A B K B0 76 09T 5 3t 3k A0 42 S AL FURR |
A RA 45 SR oA T, TR R KR R 22 3K, S Rl A oK B IR 2R E A — 3, S IR s AR
Xof TR R K B 5 il R K B 23 AT WRF-Hydro BRI SRR E | IR L 3 AR AL AR

WRF-Hydro RIS HANRZL , % [ESHY LR L S5 05T, S R U S B TR 2, MIEEER
D RYRESY , WREF-Hydro A1) F ZHURS U T . +BIEE R T+ 21815 RZE I RSR I T R Uk S
B AR ARSI BUR SR, W RS Te 7 h D AR BUR S, B IREITE A R F3hi3 L8 i ) &
FHPURS RO T RE ) e BRI IR U e BB I, 76 A B B SE 1B PN AT 4 28 KA B S B0+ 9K 30
BIAY DL NSE 5 EIEAR XT3 22 PN H8 b, B8 S8R A . 2 0K TL R B K B8l 5 il B K B A
WRF-Hydro #5584 1y At | % sS4 25 R L% 3,

3.3 ZERERERSH
R A P K S AR S SR WL 4 BT 2 Sy AR BB N K LS . NI R,
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&3 WRF-Hydro RETESHREELER
Table 3 Main parameters and calibration results of WRF-Hydro model

BTG Bl +IREERT +IEBIERE T R T T TK RS HE H HhF AT
_ TEREK 1.0 2.0 2.0 5 0.9
VZ 75 I8
B RlA K 1.0 2.0 1.6 4 0.8
TAREK 0.5 3.0 1.8 4 0.9
L3 5 925 4l
FRIRII A Rk 0.5 1.2 1.2 5 0.9

®4 WEREFRELIEN ISR

Table 4 Evaluation indicators for runoff simulation in Tunxi Basin

. TEREAK Al E Rk
PR - = -
Ep/% Eo/% NSE ET/h Ev/% Eo/% NSE ET/h
20160618 15.3 33.1 0. 86 3.0 3.7 6.9 0.98 -5.0
20160702 9.2 29.9 0. 68 2.0 -9.1 9.4 0.96 1.0
20160715 9.4 23.0 0. 65 5.0 25.8 24.0 0.83 2.0
20170611 58.2 24.6 0.34 2.0 0.5 -3.2 0.94 1.0
20170623 13.4 35.8 0.83 1.0 -4.3 -0.2 0.98 0.0
20190618 -0.4 45.5 0. 66 -3.0 11.1 2.2 0.89 0.0
20190702 4.0 21.7 0.76 8.0 3.8 14.9 0.85 -3.0
20190712 -29.8 -17.6 0. 85 1.0 -5.1 -1.0 0.98 0.0
20200618 -29.1 -0.6 0.19 42.0 3.6 13.5 0.88 -2.0
20200702 1.1 7.7 0. 69 8.0 6.0 5.3 0.93 -1.0
Bk T4 17.0 23.95 0. 65 7.5 7.3 8.1 0.92 1.5
HAE 0% 80%
1E:E, (E ET RZUCFA N 4 XHER 3, T
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B2 dRFREHREAGGHKTRETES
Fig.2 Discharge hydrographs of typical flood events in Tunxi Basin
BT TR FBKEHR AR B X AL, E, BXHEF329 17. 0%, o 20170611,20190712,20200618 51K
HEIEFAXT IR IEANEHE s £ LEREF-11K 23. 95% , 4L 20190712 ,20200618 20200702 375Ut AR X IR 25 5 4% 5
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NSE YA 0. 65, BRI A RCR AT 32,0 20170611 ,20200618 K 1 NSE 435124 0. 34.,0. 19, LA &R
RZE S ET ZXHEF79 7.5 b, Ho 20200618 iR 2215 42. 0 h, BURIRZZHOK TRl B K Bl A9
RO TR KB A R KAR T E, ZaxHE VI 7. 3% B, 40 TR E 8. 1% ;4 3k /K NSE ¥
KT 0.80,NSE FHEHART 2 0. 92, i et 1 FRAUERT A £ w7 B T e /KF  ET 48X fE-FHf# 5 1.5 h, SR
FAMK R, TR BKERTE 20160618 55 20170623 371 kK o Al B/ 35 1 | 5 S0t s U ek 5 1 o i 125, 17
T 20190712 SR BEKARAY T KoK 5 B2, S Sk et it 5 Bt i 9K ;4 Stk 56 T T2 e/ el O A2 DA A0
IR K BRI B2, Rl A B K i 7 4 S SURNBOA oS BB R, AR TRBADL A ke i S L AR AR oy
7.

IOk T B UK BB LR 5, P 3 S A OK A 7 NI K R i B B, T LR R OK
B TS R4 B, XHE T35k 52. 8% , E, 45X HE -3k 64. 6% , o 20120720 ,20200717 351Kk
WKL 2R E, 5 Ey #IZIT 100. 0% 3% 25 T TR R K Bl i)™ B R4, 20120720 20200717
Gy ik 1] TLR B S RB 43910 -58. 8% —73. 2% . 3Tl & F K B AR AR N2 IR 2 T 1
BEREKBE By LEXEFEIN 12. 6%, E, ZEXHEFI20 27. 3% 0 T 4 K RARTRALLL, @l & MK Bdii 7E

R5 EHEFHSRELTNIER

Table 5 Evaluation indicators for runoff simulation in Zijingguan Basin

TR BilA [ )
—— =Y T FIEEN IS
Ep/% Ey/% NSE ET/h Ep/% Eq/% NSE ET/h
20120720 -100.0 -100.0 -0.18 -36.0 3.8 -21.2 0.70 -1.0
20200717 -98.4 -96.8 -1.24 -21.0 24.1 -54.2 0.15 2.0
20230730 4.7 11.8 0. 64 6.0 18.0 9.5 0.73 2.0
20240825 -7.9 49.7 -0.03 8.0 -4.6 -24.4 0.58 7.0
Wik 52.8 64.6 0.20 17.8 12.6 27.3 0.54 3.0
HARH 0% 25%
— S — TR KA WA RS I — KR
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WE. AT R AEA ZHESE 2000—2024 5 L3R E 5 A AN KI5, R A AR K T A AE
(CFF) Tk 20 H T AR AERFAFAFAERE LEREE(10,20,40.80,160,320 cm) 49 & &
R W BRI G A G AR A T AR AN IR Sh K AR 2 W 4% (CNN) AR K 42 419010 A %
(LSTM) £ A) % CNN-LSTM AR A4 6 NRE L3RR E i B T 3IAMEF IR L
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KZ44~89d;3 MBEFIEAGEMARERRRELAI LA RO EZF, BIR LR ERT
R ;CNN-LSTM B A A B REH R A B 2 ZHEERB TR, T ZAH R SR EFE0.94 2
b R TFE—AEA £ 320 cm K& EIE P CNN-LSTM #4165 R 4 0. 941, %8 LSTM AR 17% ,
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KR, LB A L AT e B HLE 5 3T ;CNN-LSTM A2 AL ; 38 ) /K SR FE IR 52 56 5%
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Simulation of soil temperature in the Huaibei Plain using machine learning models
considering lag effects

Wang Di', Ju Qin', Mo Lijuan’, Lu Yiran’, He Ya’ nan'*, Mei Haipeng’, Hu Yongsheng®
(1. State Key Laboratory of Water Disaster Prevention, Hohai University;
2. Taihu Basin Hydrology and Water Resources Monitoring Center ( Taihu Basin Water Environment Monitoring Center) ;
3. Wuyt County Bureau of Water Resources
4. Wudaogou Hydrology and Water Resources Experimental Station, Water Resources Research Institute of Anhui Province)

Abstract: Based on the soil temperature and meteorological observation data from the Wudaogou Experimental Station in the Huaibei
Plain from 2000 to 2024, the correlation function feature ( CFF) method was adopted to systematically analyze the lag effects of
meteorological factors, such as air temperature and air pressure, at different soil depths (10, 20, 40, 80, 160, and 320 cm). Using
the lag-processed meteorological factors at each depth as inputs, the convolutional neural network ( CNN), long short-term memory
(LSTM) , and CNN-LSTM models were driven to simulate the evolution processes of soil temperature at the six depths, and the
applicability and accuracy of the three machine learning models at different depths were evaluated. The results indicate that the optimal
lag time of meteorological factors increases with the increase of soil depth. The lag time of shallow soil (10-20 ¢cm) is the shortest (0-
3 d) ; the lag time of middle soil (40-80 cm) is 8-29 d; the lag time of deep soil (160-320 ¢cm) extends to 44-89 d. The simulation
performance of the three machine learning models exhibits clear stratified differences at different depths, with the shallow layer
generally outperforming the deep layer. The CNN-LSTM model demonstrates higher accuracy and stability at all depths, and its
coefficient of determination (R*) is generally maintained above 0. 94, outperforming the single models. In the deep soil of 320 ¢cm, the
R® of the CNN-LSTM model is 0. 941, which improves by 17% compared with the LSTM model and 45% compared with the CNN
model. This reflects the advantages of coupling convolutional feature extraction with temporal memory capability.

Key words: soil temperature; meteorological factor; lag effect; machine learning; CNN-LSTM model; the Wudaogou Hydrology and

Water Resources Experimental Station
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Fig.4 Heat map of correlation coefficients between lag-processed meteorological factors and soil temperature at each depth
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Table 2 Prediction evaluation metrics of each model on test set at different soil depths
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Fig. 6 Comparison of prediction results of soil temperature at different soil depths on training set
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Fig.7 Comparison of prediction results of soil temperature at different depths on test set
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Underwater image restoration based on multi-channel polarization and
dual-branch Transformer

Xu Xinyue, Huo Guanying, Kong Weifeng, Peng Chao, Su Yong
(College of Information Science and Engineering, Hohai University)

Abstract: To address the problems of low image contrast, color distortion, and blurred details caused by turbid underwater
environments, an underwater image restoration network based on multi-channel polarization and a dual-branch Transformer was
proposed. A polarization feature adaptive fusion module based on the Stokes vector was used to extract the physical polarization features
of water. A spatial-polarization dual-branch architecture was constructed, and a dynamic gating mechanism was utilized to adaptively
fuse multi-source information, such as polarization intensity, degree of polarization, and polarization angle, with spatial features,
overcoming the limitation of incomplete representation by single-modality information. An encoder-decoder structure integrating multi-
scale feature interaction, channel attention, and multi-scale spatial Transformer modules was adopted for the network backbone to
enhance the capabilities of degradation representation and global detail restoration. The experimental results show that this method has
significant advantages in structure restoration, detail preservation, and color correction ( SSIM: 0.8540, PSNR: 32.93 dB, perceptual
metric LPIPS; 0.3633), and can significantly improve the clarity, contrast, and color fidelity of the restored images.

Key words: underwater image restoration; multi-channel polarization; Transformer; adaptive fusion; gating mechanism; polarization
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Fig.2 Polarization feature adaptive fusion module
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Fig.9 Comparison of restoration performance of different methods on test set
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Table 2 Comparison of efficiency and visual quality evaluation metrics of different methods
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Analysis of unsteady flow and entropy generation in a water-jet pump under
cavitating conditions

Zhang Rui, Wang Zhengxin, Xing Jingyi, Xu Hui, Ding Xujie, Li Jianping, Chen Banghua, Li Sen
(College of Agricultural Science and Engineering, Hohai University )

Abstract . To investigate the impact of cavitation on the unsteady flow and energy loss characteristics in a water-jet pump, the unsteady
calculations of its internal cavitating flow field were carried out based on the unsteady Reynolds-averaged Navier-Stokes ( URANS)
equations, adopting the FBM-CC turbulence model and ZGB cavitation model. The unsteady flow and energy loss characteristics under
typical cavitation conditions were analyzed by combining the boundary vorticity flux diagnosis and entropy generation theory. The results
show: The adopted numerical simulation method has good accuracy for the calculation of cavitating flow in the water-jet pump; as the
net positive suction head decreases, cavitation develops from clearance cavitation to wedge-shaped cavitation; under the deep cavitation
condition (the net positive suction head is 11.32 m) , cavitation covers almost the entire blade suction surface, inducing the fracture of
the tip leakage vortex and the formation of cavitation-induced vortices that block the flow passage; a strong adverse pressure gradient
exists at the cavitation end, and streamline distortion and flow separation appear at the tip trailing edge; in the initial stage of
cavitation, the energy loss is dominated by wall friction; under the deep cavitation condition, turbulent dissipation becomes the main
contributor, and the entropy generation of turbulent dissipation increases by 5% compared to the initial cavitation; at this time, the flow
separation of the wake and the vortex caused by cavitation become the main sources of energy loss.

Key words: water-jet pump; cavitation; unsteady flow; entropy generation; numerical simulation
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Fig.1 Schematic diagram of three-dimensional geometric model and computational mesh for a water-jet pump
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Study on channel erosion and deposition and comprehensive flow-sediment
conditions in the lower Yellow River

Sun Jiayue, Zhang Man, Zhou Jianjun
( Department of Hydraulic Engineering, Tsinghua University)

Abstract: To reveal the impacts of changes in flow and sediment on channel erosion and deposition in the lower Yellow River channel
and to improve the efficiency of engineering regulation of flow and sediment for de-siltation, the formula for channel erosion and
deposition in the lower reach by Chien Ning et al. was revised using flow and sediment data based on the *“more incoming, more
discharging” sediment transport characteristic of the Yellow River and the river sediment transport theory. Consequently, an erosion
and deposition formula and a comprehensive incoming sediment coefficient with a clear physical meaning, which could more
comprehensively reflect the effects of conditions such as flow and sediment volume and suspended sediment gradation, were obtained.
The results show that the revised formula has a unified parameter and coefficient, and the simulated erosion and deposition intensities in
both the full period and individual sub-periods have high accuracy; furthermore, it can be used to study the comprehensive flow-
sediment relationship and erosion and deposition regulation mode in the lower Yellow River after reservoir sediment trapping and
sediment gradation alteration; altering sediment gradation through reservoir sediment trapping and regulation can significantly affect the
sediment transport capacity of the downstream channel; the optimal operation of “trapping coarse sediment and discharging fine
sediment” for flood control and de-siltation reservoirs can largely reduce the deposition in the downstream channel, which is of great
significance for maintaining the long-term stability of the downstream channel and ensuring the flood control capacity of the reservoirs.
Key words: channel erosion and deposition; flow-sediment relationship; sediment transport capacity; de-siltation; the lower Yellow

River
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Fig.1 Event-averaged flow, sediment concentration, and erosion and deposition intensity of 245 floods in
Huayuankou-Lijin reach from 1952 to 2020
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Fig.2 Variations in flow and sediment in the lower Yellow River from 1952 to 2020
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Table 1 Comparison schemes for simulation of erosion and deposition intensity of 245 floods in the lower Yellow River
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Fig.3 Comparison between simulated and measured values of flood erosion and deposition intensity in
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Table 2 Fitting results of erosion and deposition formula for the lower Yellow River in full period and

individual sub-periods
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Intelligent decision-making method for river regulation schemes via collaboration of
knowledge graph and large language model

Zhang Kaibo', Ye Feng'?>, Xu Dong’, Li Binquan®’, Dou Shentang®
(1. College of Computer Science and Sofiware Engineering, Hohai University ;
2. Key Laboratory of Hydrologic-cycle and Hydrodynamic System of Ministry of Water Resources, Hohat University;
3. College of Hydrology and Water Resources, Hohai University; 4. Yellow River Institute of Hydraulic Research)

Abstract: To address problems such as insufficient multi-source data integration, lacking system-level association analysis, and weak
decision interpretability in current decision-making of river regulation schemes, an intelligent decision-making method for river
regulation schemes via collaboration of knowledge graph and large language model was proposed. In this method, a knowledge graph for
river regulation was constructed by integrating multi-source data such as river channels, sluice operating conditions, and dyke-cluster
topology. A two-stage classification model was designed ( Stage 1 modeled physical features and engineering ratio parameters based on
random forests; Stage 2 exiracted topological relationships from the knowledge graph and utilized the Node2Vec algorithm to generate
64-dimensional graph embedding features input into a logistic regression model for optimizing decision boundary). A generative
evaluation engine based on DeepSeek-R1 was developed, which combined domain-knowledge-enhanced prompt learning to generate
interpretable reasoning chains through multi-step reasoning for scheme feasibility assessment and improvement recommendation
generation. The proposed method was validated through multi-label classification performance comparison and ablation experiments.
Verification results of 228 river channels in Nansha District, Guangzhou indicate that this method can effectively alleviate the problems
of insufficient multi-source data integration, missing system-level association analysis, and weak interpretability of decision-making
process in traditional methods. TIts F1 score (the harmonic mean of precision and recall) reaches 0. 853, and the accuracy reaches

0.921, indicating that its overall performance is superior to that of the baseline models considered. Both the topological embedding and
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the domain-knowledge-enhanced multi-step reasoning mechanism can effectively improve method performance. The proposed method
achieves the highest F1 score and the lowest Hamming loss, verifying the effectiveness of each key module.
Key words: river regulation; knowledge graph; large language model; system association analysis; interpretable decision; scheme

optimization
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Fig.2 Construction framework of knowledge graph for river regulation
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Fig.3 Seven-step process for constructing ontology model
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Xt T AR A A A PRI P OGS B o X T RAS A8 | 8 2 SCIE I e ke O] 5 46
AR BOCHEE B, N TAHIBCCA i EAE . XTI (s , FI ] DeepSeek-R1 @i D FEA $ 7R
FIE TR ORI 7 2 AR A B AL OO T A OCSEE R . RN T  OREMRAb B, XRS5 (LB
HEATREME AL PR, DR B SCAR NS, I FIHIDT AR« SCRs — Beig | J8 45 2 A Bevs WA A JSON A% S0,
QBUE T SIFE . K% DeepSeek-R1 AR 1N SCHEBRE 1, 38 ek PR B2 1 SCHUR B Beo v iz mn i ™« n |
. SRR AT IR R PR, SRS R, T DeepSeek-R1 X 28 4k PRAT Y Bt V%
HEAT SER RO F S ICH E I AR RIS A 45 5 AR AL K3 Prompt HEATHE7R 2% 20 (I8 5) K i i SE AR L)
JSON MK IEATIRAF . @RIRRELG S50 T, AR =T 200 DeepSeek-R1 32 3§ , 5 3 7] SCHIIE Y
Kik,

Promptigiti&hR
BRIFE—BRRVKF DI EEHNER, BRBUATHORMERIIRG), M&RBRESTIHTAIRME:

[AEEL]

SEfR1: I SEREME: WEID. BRR. ARSE/m. JH/m. JIO/m, ARE/m. KF/m. FE/(m/s). SiREEN/(m3/s). RRSFK/(m3/s). REBEHHEER
SEfR2: JKIR); SEfREME: JKIBID, BFR. HE/m. MRIREE/m. SiREEN/(m/s). REBSFK/(m/s). REBRHIEENR

SEfR3: HESH SRR HESRID. BIR. SEKAY/m. KER/%. FE/(m3/s). MHESRE

SEfR4: BXE; SDOREME: BXEID. SRR REEVkm2, BERER/km2, STEEmER/km2, EREEKERR/ %, EKE/km, FEIKE/km

SECIRS: $EflT; SENEME: $REID. |BIR. RBEA. KREE

SEiR6: EBAHR, STIRBME: BARKRID, /R, IR

KR (<LK, XR, BEih>) @ <TE, HOEE, KE>, <T@, RE, 8>, <, i, Banx>. <UE, F, #HER>. <K@, F, #65R>.
<HiBR, BT, B>, <BE, 88, #5k>

[7=f1]

WA REHENHOLE S AEKENKE, EHIKRRSER-2 m, FiftEEN34.1 m¥/s, FiBKER19.4 m, RER0.73 m/s, FHREHE, BFFRE
AaHESA.

B <FEBEE, HOEE, BiEKE>. <BiEKE, EERSE/m, 13.6>. <BiEKE, SiRge/(m3/s), 341>, <RKETE, KF/m, 194> <FKETE, &
B/(m/s), 073>, <FRETE, RE, FRE>. <RKBETR, F, FefHEshR>. <88k, 4F, REfdEsh>. <EBEHESR, BT, RRE>

5  Prompt & TR
Fig.5 Prompt design template
XU HIR ARG SN T2 5 K JSON A% X i S i 14 | S50k 5C 3/ = TCAAF A Neodj P 4
Hh SEBGTIR REIR R R A A S A



84 WK E Sl (AR R SRR ) 55 54 &

2.3 EIMRNRIFMER > EARE

P [ B o3 AL 3 3t WY PR AIE 5 4 A MR A R BR R & i i 9 FhIUE UGB TT R ZhR A3 )
i, Hod ARFMATE W HR E SRR F OC R (AT i 7K W42 ) |, #55 Node2Vec 5kt fy 64 4k ] &
IR TUE ARG 7 &2 B MITT B VBT DX By it () HE DS KL ARAE ) | (045 2R IR T 9 58 L 4
fift BRI JREREGE (GE JHZE N AN T ISR WK 6 B SRR F P BARRIE — AR FM AL
HRLB Y BERRIEAL S AL < B B 1 AW EEARAE 7025, R H Binary Relevance 43 22 bR 254155, il i BEAL AR AR )
TR RAIES J7 SRR LS 0GR | B TR SCS B A BRI R 5017 5 B B 2 R FMRAAE R G Bl MR 1Y
FFMFIESEST 7 SRABIE KB B 1 B AR 0] 5 5 Node2 Vee 533028 B i A DFEZ , R FH 32 4 1] 09 e
REHRLH,

" WrEL2: SRAMHIER S :

‘ Binary Relevance i

el — - Node2Vec R uoo iz |

[ H ]—> = ® S MRt ] [ BIATTR 1

L

& |
R |

B X

6 PR EERIER

Fig. 6 Framework of two-stage classification model

2.3.1 HRiiEnyk
BB 1 A BEAE ARFE IR SE (R 1) F i i RES 50 A1 S £ Fh T SO R R AT Rtk . F T 2ET T
IR TR A H NI A BRI IR RO ) | BURIA T R A AR, i, AT Z AR
By HAT S5 VIS S SRR I R BRI SR ek, TESE BRI B AE | SR B E R
T EARYE BIE AR AE S TRRAE TRE AR BE AR AR SR8 3, B i Wi E S R A (S) RESCR (V) i
HINH(p,, )3 WUFE
N
W Jgh, Q.
AW, W, A AR SE AT 58 50 iR 5 g S 7 (B 9.
Q, HRIAIK R,
BBt 1 ¥ Binary Relevance 224527328 751 S L ARARAL I 25 5 | e ] F0 00 Yo A R 36 5 58 (0 Sl A 58 0
i, Binary Relevance ¥ ZARGAT 553 M M EISL ) 53 R FAE55 . 458 N NEEAR X5 j a2l
SRBEALARM ST AR WIAEAS § X6 1 A T 00 A8% 238 J — (B i 25 SRR o
Py =f(x) g, =1(p; = 7) (i=1,2,---,N,j=1,2,- M) (4)
AN IREABGM b8 x, e R, A @ FOPHRFIE ) 5 d, = 12 P IRFIEARE /(- ) Ao ) s
5 R L BEALARAAE S 0 BR Sp, € [0, 1] 9 FAME R 9, € {0, 1} ATRIMES IR 1 ( - ) Ron ek, 4455
SR ST B E 1, A IIE 05 7=0. 5 S 3 2SI,

(3)

8m/s”) shy KR Q. N IAET)

BT B 7K SCS OB IR 51 5 5B R ik £3 MER1XESH
ZHAE N i AR AR ’ P IRILE S s A Binary Table 3 Key parameters of Stage 1
Relevance FIFHHLARAMAT RN BB 1 1 IERE SR 7315 P 2R WLt Y
P =fBR-RF(Xphys) = (p/,') NxM (5) S R 200 SRS B 5 A
KM o furne( ) A Binary Relevance S5HHIARMAI G Sokms 10 Pefl LA | 2858 U
0 0y 2 A A 22 T 0 ke 5 X, e wadp Sy B S ESIE: “balanced’ S i AN Al )

B P e [0,1] ,, MIERBERMRE
2.3.2 it iEERs

BB 2 B AFHE N B BE 1 A5 2 A BEREAE R AT P AT B9 F AR | A 3 FMERAE BRIV A 3] 06 76 3R
BRI OIS o AT HFMRFIE AR , B Yl o BI85 PE A 1f)15 5 Cypher M\ Neodj H 42 HUA DG T



55 5 1 SRALEE A RG-S T S R ] B T G O SR RETR R vk 85

A SCTRRA 2, A A0 L 0 42 R K ), BT A R HE B Fr 245 L 5 R, I TR G R BIL AR 7 21 D xfe L) He Ak 31K
B 0TI Node2Vece 555 K19 sl WS AR ZE 1) 5, 0 HCRE AR BN T 2 202 4E 55 b, W UL A2, )
-85 05 287 R R ANAE R 58 UG F T A7k th 4528 , A2 5 Node2Vec Y%k K BB 2 M FRIER L
Node2Vec A HFHIAE 57K 17 HEDT R B FIFNAEAE 2 18] ) B AA D OC R A BUEHR A . LA, R FH 2 58 [m] 9 4R
R B 2 B SSEEE T E RS T s ORISR H S Binary Relevance AHZ5 &, 5 7L REWS
T Z R AR5 . AR BIEIASERE Z e Ry, (d, HPEHARHELERL, d, = 64) J7 A 5 3ER R
BE P IEAT/CF D I A BRI TR JE T3 4 th B4R B IR A S AR AR RS ¥ .

Y =1|o[Concat(P,Z)W +b] = 7} (6)
2t Concat () WAMEAKFPHE W e R o WAEIIE ;b € R, N E &, IFHEHALE L RS2 518
Hio( - ) WBITTEMEY sigmoid BREG Y € 10,11, EREITIEEFE

x4 ME2XESH
Table 4 Key parameters of Stage 2

28 IufE TEH
[ A e 64 S S ek 2 U
T A K 20 R BRAR
B LI AR 10 A — R BN EEHLIFE BAS , S BAR R F T 1 A 1
sty 11 RFAE L, SRR L T fif e
IENAEF H 0.1 P IE U A By 1k ad S

2.4 HERFURRITEMUEIE

T DeepSeek-R1 A4 e SR P EAL LA 5 1 28 3 5 B ARE 5 #ERE 5 AU AR E A, 5 A B 4ERE R R
BEVTAL I FR A0 2240 HEBE ) 38 5 $2 7R 2% ST X DeepSeek-R1 #4753 & X515, M BT 17 HIS IE 42 5K
o B 7 AR RSP LA T S Y TR AE S

S KA A : rmitE=-1.61 m, 41.28.8 m,
- G (25%) ¢ - %:.Q WK PE23.78 m, 7KiR2.51 m, ii%0.85 m/s,
b % ()| iR 9]

EES

BRI AIIAN I RES56.3 m¥Ys, RIKIK87 m¥s,

SRR (20%) - [ N WK1 466 m, EEWEHHEER: 0
ARG A G e
e ric Cypher |8 | VAPTEREAOI COKIME RS0
o Ba | KWUEFE: #9l0m, MRARR=-275m,
i TN S S e 1 S it W FAES107.1 m¥s, FARHKIKS7 m¥s,
e MR R R ©) L
EPRIEER SEE AR E A S B RSUR ANWE, CHRIHD)
bR SRR, ST R E - FFEEHESE A RO RIS I, R -
(CRERIE, A TEE TS FRmBYE: R, Wi -
(FHS5H) FITJREREE : FEZREKHE, JEiE: -
(AR « R PRI -
ég%ﬁ%ﬁé&ﬁm%m*ﬁ (H4Ai7kiK2.51 m) , MR R R
® ;}g@ﬁﬁ%ﬁ% %{nﬁzs.s;essm) AR ASREL, o FEsiE %oE
FRIERCEE R ) FHEN AT TFZAkE
1 £ Ao AR AN .
i
[ DeepSeek-R1 l '
ESCTIN
1
® ® !
Y
S © [rmma: 32 AR
- FTEAES (56.3 m¥s) 4 R AeAE: IR LR IPAFISAT, #5135 2 4,
FERTFEAIA CRARAITHE (09/15) : A ATIRFHL g MR TRIBT, A 775
(87.0m¥s) , HEMICILLIH (+0.8) , SKIAATELET; (HAEMH R IR, #135<,
AT TR WIS AN R BB (-0.6) . @) S‘Eﬁf%;ﬁéi fﬁﬁfim
- WA RS (0.825) 5 -0 (0.6/1.25) @ IRFERAAE (+05) ; IR e o,
FOERCE (0171) R, A AT S LA, SRR R RR A B BLERRET
FSMAMTE, (-0.65) o de, (ERRAmE Iz, il
TAFRE K. SRBEN (05/1.0) : RIERERFIAA j{;jiégﬁ FHEHETEREFH
KRS (107.1 m3s) (-03) , EMHRABHES (-02) . ey
EUREAR, i B S SEHEAERE (0.6/1.25) ¢ RIOHE T IANIE (RErs] . B RES
TETHERA, (+0.5) , HEMRFEEAE 2 (-0.65) Gfergs) - 7‘7‘%1%{551@[“?@%

¥ #iFFSRRNMERIEIT; PRO-ONHTIERMESEIAY; SERO-OMUEFERMET40NIUT, PRONRL M.

B7 ERXRFITERMSIEREIER

Fig.7 Process framework of generative decision evaluation and optimization engine



86 TR F M (B REFER) 954 %

MINHIZ A2 P B o SRR 2 1 B 45 2, 4 LA S R DA B e SR T 58 OF VERIZ P il i Cypher
TEVESEIUA ST Y IR A5 S, , B AR AT A S 1 | L T ) R T A X S IR AT L e i SR TE A
TORIEAL B SR BRI . s, N T B BEHEDS A2 SR i) P B4 4 AN SRR AT BUAR BOR AT AT 1 22 %
AR RS SR BE K AT Al b e

52 CoT BIARKYE K , 4 th 4l BREE ) S sCAR 79 SR AL A 4 B 7 o AR R PR 33 b ) £ 8 O S 5
A, VIVEAE bR v 25t A dls , SR 2225 B 75 5K, B e AR U AR BRI P Al AR v 45 o PPAG O SR A7 AR B 5%
R P s L, e T S B ) R 7 B D R 8 T A 5 T ) 0 it A BRAR X O AT SR A VR (T
Oy o AVEIRTE 4 23 B VAR IR SR J7 S0 5, BB T S B R 45 TR EL R AT R RO
FHBRE A7 PP AE 4 20 LA WIS S48 5T il BRI D7 S A A A TR L, of DR I8 v 14 9 Fh B3R 7 S8R4T T3
WP oY BB IITE 4 70 S VA BT AT A e R I E 7 5 AR BB T 25 IR A2 IE B

3 SEHILEIE

3.1 HREER

FA VD XA T N T F e iy, SRV PR 11K PG 2, A PR VL A6V ARV = VIE A T, REP AR5, P rp
L BBl BB AT 7, AR AR 803 km? (AP liEk 570 km? , 7K 38 233 km?) , HAEAC AN IK] 8 Firas . HiuJs 7 Pty 2=
A, AR IR K TR 1700 mm , 7RI A7 4247 80% LA I, H 7—9 A G E &, e KNTIHE 9 K., X I N W3
M2 A 228 5% HIRKIHRAN 3. 64% , WERE ST A BR . 1N B MRE XAZ.OAR AL, B V0 X R 2508 3 LAk
RGBT IEHET R S TR e | DS P R A T A s

-z

&1 451

A S WE]
AR ST

—— NN

® ik

——— KR

0 5 10km

() Kf (b) KFH
E8 miXER
Fig.8 Overview of Nansha District
3.2 REHESHRE
SCEGTE )TN TR YD X 2022 AR B9 /K MBI S5 I K ] R B B ROBIA T R AR R
K ORUET 106 DAL RAE ARSI AL SORY . J6 T b AR ECHE A4 2 A g 0 DX e 0 0 RS 40 5 509 4>
SR R, PG 228 A4~ K 228 A HESF A 25 A R 1A B 8 S BIATIR 9 B 1237 K
RN 0 A RESE, LA 4401 DEAET B, A RR R R G IRAE SR, TEIERME T, Eid B A
B G IR TEET Neodj BRI, B1X P T Be o ISR R Rl B4 8 7 3 BEALIRI 20 I G il il . 5
56 B FH A S BT 58 (BVECSEAE ) p oK MU L S0/ N 7 | O 38 B Gead 3 —4F BOWLES IR, BLA A e ) )
Frtk
B AE Windows 10 #4E R G0 F b 47, B A LRI A - Tntel (R) Core (TM) i7-10750H CPU @
2. 60 GHz; GPU A5 . NVIDIA GeForce GTX 1650 Ti; Zife T.H i F FICHEEALHE . PyCharm 2024. 3. 3 Neodj
Community 5.26. 3 Python 3. 12 scikit-learn 1. 6. 1 py2neo 2021. 2. 4 node2vec 0. 5. 0 networkx 3. 4.2 numpy
1.26.4 pandas 2.2.3, Hr A Gl 465 1 458 b APT ] DeepSeek-R1 #54Y ,
3.3 EMfiEtR
N T EREHRSIRITIEIRCR R FIMER R R A R F1E ORB RS A R AR AR E80) ()



555 39 SRHLEE 2 SR PG5 T 5 R P R] B0 T G O S RE TR R vk 87

W 2 0 X SR Y 25 SRR T 40T o DU 2R S 2o 28 43 28 1) R e i) — R PR i b , T A T 445 24 15 5
PrbrZs 2 A 22 57 . B O T EA R O BR 28 Lo 1], RIS BRAR S BN E00 ity SbR 2 80 i LU (. DU 2R 1Y
WL A [0, 1], (NI T B R . AR SOR FIARE ARG Jaccard WERH A RS 3 3 A0 47 0] 3R T2 F 2
T AIHERE F 1A 5P RS 1 58 15 25 P45 3 [l 3 f 9 AR R4 7 381, 30 48 2 i IR 4 R A AR 285 v i DR A
2B o LA
3.4 EZXbIm

TEFELAATY R L, 4 TR v DXL ) At A BR A X DL S8 0 I GRIR B o S BT 28 B R RS 5
VLY ZhR%8 3 R TEAH 25 2% 1) SR e B 1A% GNN-MLP, T i L AR N : MBR-RF, fill 5 —
TCRIG I FBEHLARR , K Z2 W5 AT 55 03k S Z2 A IS 10 — 03 S 11, B A28 B 25— > BE L AR MRS 2
QCC-LR, Bl 73 28 S BEANIZ R 012 R 26 TR0 MU Fe e 00K , k>3 A [ DS A iy A, 55 U R A % i T o
SR TINS5 5 ; OML-KNNV? | ZAR%E K IEARTTE , BITE AR 50T MRS Ky AU ARREAR (725 434 Tl
M HBRRE AR 2 ; @RAKEL, RIBEHLAR 2 742 52 07 1, B R BEALIE £ & K, DR R T M Label
Powerset 73258 , Il it #5545 31 e & 45 . ; © GNN-MLP, BVl & #2824 i 2 )2 Sl 4% KG-TS2-
LIM 5 LA 5 FhRELR ORI R T X HE e 45 R W3R 5,

RS ARERBIMERERTEL

Table 5 Performance comparison of different models
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Fig.9 Ablation experiments results
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Inflow forecasting method for hydropower stations by integrating machine
learning and Bayesian model averaging

Chen Kai', Luo Yuning’’*’ | Zhang Ke***”* | Wu Nan>’, Wu Xingyu>’, Wang Yuhao’, Wang Youxiang', Peng Jing'
(1. Electric Power Research Institute, Yunnan Power Grid Co. , Ltd. ;
2. State Key Laboratory of Water Disaster Prevention, Hohai University
3. College of Hydrology and Water Resources, Hohai University;
4. MWR Inspecting and Testing Centre for Hydrological & Geotechnical Instruments’ Quality ;
5. Nanjing Research Institute of Hydrology and Water Conservation Automation, Ministry of Water Resources
6. Yangtze Institute for Conservation and Development, Hohai University ;
7. Key Laboratory of Hydro-Meteorology China Meteorological Administration
8. Key Laboratory of Water Big Data Technology of Ministry of Water Resources)

Abstract: To address the issue of simulation bias in hydrological models caused by insufficient modeling or unmodeled behaviors under
complex environmental conditions, an inflow forecasting method for hydropower stations based on machine learning and Bayesian model
averaging (BMA) was proposed. Based on the Hydromad model, the inflow and residual sequences were calculated; three machine
learning models, namely random forest ( RF) model, XGBoost model, and support vector regression (SVR) model, were used to
capture the nonlinear characteristics of the residuals. Subsequently, the multi-model prediction results were fused via BMA to achieve
post-processing error correction and uncertainty assessment of the simulation errors. The case study results of Liyuan Hydropower
Station on Jinsha River indicate that the proposed method can significantly improve the fitting accuracy of the Hydromad model in peak
flood responses and the rising and falling water stages. After correction, indicators of inflow prediction such as NSE and KGE are
significantly improved; the water volume bias is effectively controlled; the overall prediction accuracy is obviously improved. This
method can provide more scientific technical support for inflow forecasting and operational decision-making of hydropower stations.

Key words: inflow forecasting; Bayesian model averaging; machine learning; Hydromad model; uncertainty assessment; Liyuan

Hydropower Station on Jinsha River
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Experiment study on effect of underground pipe drainage on soil desalinization
improvement in coastal tidal flat reclamation area of Jiangsu Province
Wu Wei', Jin Qiu’

(1. Jiangsu Huizhi Engineering Technology Co. , Lid. ;
2. Department of Rural Water Management, Nanjing Hydraulic Research Institute)

Abstract: There is high salt content in soil in the coastal tidal flat reclamation area of Jiangsu Province. In order to make rational use
of rainfall and adopt underground pipe drainage facilities to improve the desalinization of soil in the tidal flat, an underground pipe
drainage experiment was carried out in a typical area. By conducting tests under different underground pipe spacings, the analysis of
soil’ s salt content at different depths (0-80 ¢cm) in the experimental area was carried out to study the dynamic change pattern of
salinity in the soil profile. The results show that in the control area without underground pipes, the salt content of the soil at different
depths shows an upward trend, while in the area with underground pipes, the salt content of the soil at different depths shows a general
downward trend. Under different underground pipe spacing, the variation of the soil’ s salt content at different depths is roughly the
same, but the amplitude is different. A smaller underground pipe spacing indicates a more obvious soil desalinization effect; when the
underground pipe spacing is the same, the soil desalinization effect will weaken as the depth of the soil layer increases.

Key words: coastal tidal flat reclamation area; soil desalinization; underground pipe drainage; underground pipe spacing; Jiangsu

Province
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Fig.1 Layout of experimental area (unit; m)
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Table 2 Background salt content of soil in experimental area
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Fig. 6 Soil desalinization rate in experimental area
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Research on hydrodynamic reconstruction of Shabei River Network in Jingzhou
based on joint gate group operation

Lin Weijie'>*, Xu Jin'*’, Chen Han'~>*, Zhu Hai'*" | Peng Xiyuan', Yang Wei', Tang Hongwu’’, Wang Lingling' >~
(1. State Key Laboratory of Water Cycle and Water Security, Hohai University;
2. College of Water Conservancy & Hydropower Engineering, Hohai University;
3. Key Laboratory of Hydrologic-Cycle and Hydrodynamic-System of Ministry of Water Resources, Hohai University;
4. Hubei Institute of Water Resources Survey and Design;
5. School of Marine Science and Engineering, South China University of Technology)

Abstract: To reconstruct the hydrodynamics of the Shabei River Network in the Changhu water system of Jingzhou under limited water
diversion, a joint gate group operation method based on gate regulation response characteristics and phased single-objective optimization
was proposed. A one-dimensional hydrodynamic model was established to conduct sensitivity analysis of single-gate regulation, and key
gates and their effective opening ranges were identified. Based on this, a joint gate group operation optimization model was constructed
to systematically analyze and determine the optimal operation scheme. The results indicate that different gates have varying impacts on
the hydrodynamics of different channels; single-gate regulation can hardly achieve coordinated improvement of hydrodynamics in both
main and branch canals. Under the condition of an average daily water diversion flow of 5 m’/s, the optimal operation scheme
increased the flow velocity in stagnant flow zones by over 25%, increased the average flow velocity of the river network by 14. 72%-
22.44% , and maintained the flow velocity above 0. 1 m/s in main canals during the regulation process, effectively reconstructing the
hydrodynamics of the study area and ensuring the water diversion and drainage functions of the river network.

Key words: plain river network ; hydrodynamic reconstruction; joint gate group operation; sensitivity analysis; Shabei River Network
of Jingzhou
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Fig.1 Schematic diagram of river system and hydraulic structures in study area
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Table 1 Information of key gates
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D T 5 i 1 3.0 2.5 27.20
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Fig.2 Model validation results for water levels
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Fig.3 Flowchart of solving optimization model based on IPSO algorithm
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Fig. 4 Heatmap of flow velocity sensitivity coefficients for each channel under single-gate regulation
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Optimization design method for three-dimensional pile-reinforced rock slopes
based on non-discrete design

Guo Wenxiu'?, Kang Bin’, Wang Xiaomeng’ , Sun Zhibin*, Ji Jian®
(1. Zhejiang Rudong-Nantong-Suzhou-Huzhou Intercity Railway Co. , Lid. ;
2. College of Civil and Transportation Engineering, Hohai University;
3. China Railway 15th Bureau Group Second Engineering Co. , Lid. ;
4. School of Automotive and Transportation Engineering, Hefei University of Technology)

Abstract: For the reinforcement problem of three-dimensional rock slopes under the Hoek-Brown criterion, a non-discrete multi-
objective optimization design method for anti-slide piles combining mechanical analysis and the response surface method was proposed.
The stability model for three-dimensional pile-reinforced slopes was established using the upper bound limit analysis method. Artificial
neural networks were adopted to establish the response surface model between the safety factor and the design and strength parameters to
quickly obtain a large number of safety factor samples required for reliability evaluation. Furthermore, taking the reinforcement cost and
slope reliability as optimization objectives, the Pareto front was directly solved by non-discrete point selection in the continuous design
variable space. The case analysis results show that, compared with the discrete design method, the non-discrete design can more
comprehensively explore the feasible design domain and obtain more optimized design schemes; under the minimum cost and knee point
decision strategies, the costs of the non-discrete design decrease by approximately 18% and 14% , respectively; the pile spacing, pile
diameter, and pile position all exhibit significant nonlinear effects on the slope reliability index, and the reinforcement effect is optimal
when the piles are placed in the upper part of the slope face.

Key words: three-dimensional rock slope; pile reinforcement; non-discrete design; Hoek-Brown criterion; artificial neural network;

Pareto optimization
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Fig. 4 Prediction errors of three response Fig.5 Comparison between ANN-predicted values and UBLA-
surface methods calculated values for safety factor of pile-reinforced slope
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=k, 72 RKE,FE BN & itET
(1. SR R e T 52005 2. BBl T Sl A A )

HE., ARRENBRERFRAFELE RS RAFETHHRA ML, B ABEM KBS HFH
1448 % % RIEHE R T AH-T70 % F SBS i H Ao AR I F i oA 09 3 Ab 5% B R AR £ B K IR,
LREW . BEDHRGADEIE FHRIHFIE L2 LS HRERTALEFTLEETEFRY &,
FHRBERAE R R EH K AH-70 I F o4 R @) & 5 R M a3k, #oK 3 F 2 75 20 W) e B SLIER 4
B s AH-70 oAt E 20% 3 P FRBHAR20d ERESEEREES N TH4.6%5
57.8% ,#h KVEER )G W T I 56. 1% 5 69. 4% , 7 SBS i H 5 AR Fri o AHR I 4569 4 MAs e
WAt Z0M ; 2 R R BRI S T IR R ERAE R R B 38 0 F ik e At ik i 0 A A AR AR R
HMRBRGOEARBES RIS, R BEFOREERF BHHE,

AT AR PO A S KB IR TR R AR AR R I BT B AR X ok
FES RS . U414.7 XEkARARRD: A X E S 1000 - 1980(2026)05 - 0121 - 08

Experimental study on direct tensile properties of asphalt mixtures under salt
erosion and dynamic water conditions

Yao Yunlong', Hu Jian' , Zhan Bingyang’, Li Hao’, Liu Xin', Hong Baoning'
(1. State Key Laboratory of Precision Blasting, Hohai University; 2. Foshan Transportation Science and Technology Co. , Lid. )

Abstract: To investigate the crack resistance of typical asphalt mixtures under salt erosion and dynamic water conditions, direct tensile
tests combined with the digital image correlation ( DIC) method were conducted to examine the tensile strength evolution and principal
strain field development of AH-70, SBS-modified, and rubber-modified asphalt mixtures. The results show that all the mixtures
exhibited ductile failure characteristics, with cracks mostly initiating at the binder-aggregate interface and propagating along the strain
concentration zones. Dynamic water cycling markedly induced interfacial stripping and moisture damage in the AH-70 asphalt mixture,
whereas static saline dry-wet cycling further exacerbated pore expansion. After 20 d of dry-wet cycling in a 20% salt solution, the
tensile strength and strain energy density of the AH-70 asphalt mixture decreased by 41.6% and 57. 8%, respectively, and these
values decreased by 56. 1% and 69. 4% after dynamic water cycling. In contrast, the SBS- and rubber-modified asphalt mixtures
showed superior structural stability and durability. High salinity and dry-wet cycling jointly weakened the toughness of the asphalt
mixtures. However, owing to its excellent viscoelasticity, rubber-modified asphalt retained a higher residual strength and energy
absorption capacity, exhibiting notable advantages in crack and stripping resistance.

Key words: asphalt mixture; modified asphalt; dynamic water cycling; dry-wet cycling; direct tensile test; digital image correlation
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Ge, Al TUREE KRS 3R R G T TR G e R BE RS A |, 8 0 e i 2 455 e B DG B PR AR
XA A 2R R 55 I D M AT, R I i T R 55 (51 5 58 1 I A TR AR K R M S AR TR Bt
PAPE R AE N 2 BT M AR G 12 (digital image correlation, DIC) 5 = a5 25 i 56 , B J7 4% Y £ 0% A% g
FAREAIHT 1 PR 5 A IO R0  E F TR A R Rl SR VR BE VR T I 24, eAh, SO i T 4
ARA R 5 T IRARFR 2R U T 1R AR ALARY R s BRI O, HE— P RIE T SR T SRR E PR
WEARHLE . BUA RIS CNE TP RE AR ILAS A4 25 22 JUBE XS elC Pk U 7 il 75 1R 5 AT TR REE
SRR, FR I E PR 7 3 T A4 5V PR 28 200 (BB X R Dl RSl /K P B T X P 75 1R R B R RE S
Wi A BIFFE LD

FEVEANT DT IR S BT RLPE REMIR 5 35 v, 55 el i (e (B 200 ) A RO A L, FA% 4L i
it SRy oy IE T R MANA I 78 TR A g B Bl L Wate 0K N (B A K (=N I E WAV o B R KA B d .7/ B
TS IR A BRI TR 01 SR, B s 78 B R R I RN 245 D T A7 A
—EMEARMERE R, ASSCE i SR b 25 AF AN R TR AR BRI I L DIC SKds 78 AN [R5
RAG B B A i BB A MU S RIRRAIE | DU A 16 S 0 DX B I R e S AU B HR S %

1 EM#ERGH&ETE

1.1 [RE#rs

IR B Wi TF 230024 AH-70 S SCHEIE A7 il 5 (LAR fFR“ AH-70 W75 ) (SBS Btk 5 (LA T i
FRSBS i) AR e te i 5 (LA R iR “ i), £1 FEEAMEEGSRBRESR
Wi HAMEREAKHE JTC E20—2011 ( KN TR T W Table 1 Basic performance indicators and test
TRABHAE AR ) W, HAATIEA R ARIEIRLL JTG F40— results of asphalt
2004 2> - T 5 TAI T 15 AR ) S5 A DG 156 ML A Wit A /mm WALA/C R /em
ARESRAERFNIRUE, Bk i s tEREFE bR R 1 s, ano v 6.7 473 27.5
IR AE RIS F bR SBS Ui T 3.3 77.0 20.2

I 5.0 78.0 21.5

IR AR R 5 ~ 10 mm (FELEA ) 3 ~5 mm (#
S 0~ 3 mm (FIE) 3 BY B4 Rt TEA R AR . I JTG 3432—2004( 2> s T R4 RHR
SRR ) ) XTI By BEA T 23, A5 R LR 2,

x2 ERETHHELSREER
Table 2 Sieve analysis results of aggregates and mineral filler

3 3 AN R PR T 75 LI B B it o5 L/ 9%

ki 13.2mm 9.5 mm 4.75 mm 2.36 mm 1. 18 mm 0. 6 mm 0.3 mm 0. 15 mm 0. 075 mm
5~10 mm WELRA 100 97.16 2.87 1.72 1.68 1.64 1.61 1.55 1.48
3~5mm MGt 100 100 44.53 0.67 0.56 0.54 0.52 0.51 0.49

Yy e 100 100 100 89.20 57.70 36. 50 20. 20 11.40 6.10

R 100 100 100 100 100 99. 50 97.80 89. 80 83.00

ARV DR Ry ok, e FIZE < K7 3k (I 03T AL 4. 75 mm) 8 e FE0RERRC . ARG JTG E20—
2011 2 % TAR T S5 1R G BRI MU ) X S BRI P EA T AR SCPERESE P I, 13845 1 AH-70 Y575 11
BT IR G R Sl LL 3 0o 5. 1901 5. 5%

1.2 KHH&EF=E

R TF INRAR FEFEHITE 180°C , AL ™M ARG B2 FIR A B HHEFTR BE 420 190°C . #ZTC & ek A
() AR LR R | 20 SRR I A F R XU T AR A v, 3R 5 h Ze A 5 4 T — s I I) 14 4 12
A B8 A SR &R E R TR AR R A, T4F 90 s FrARRHR S 3505 il B A BRI I 5, +F
190 s s FERSE U , BIAG Ky, FFHEFN 90 s, NI 5 B 75 TR S BHAOFEAN . 28 N OB 75 1R G R 106 7 ik
196 FHE % & 52 ( superpave gyratory compactor, SGC) BT, 78 SGC i M ANRH) 12 h )5, Seil i 415 2]
RS9 100 mm ( EAR ) x 185 mm (i BE ) B8 AL A4S 5 SR 5 SR FH 0 5 1R 5 s U0 361 0 A S0 9 sy 0 1) 10 1
15 mm Ze A7, RAEU  BEAE 155 mm 7247, P46 X0 s 180 s~ HLRF U T B 22 (150 = 1. 5 ) mm, B PR I
PRI RO TR R 2R
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2 RWHE
2.1 REAER

Tl DR B R R B R 5S JE HAE L e i T X e Eh 5 s Bl 4 Rk 5 RUBUHIL, 8% I 58 205 1 vy
O IR TRV 2 2 B B R R K R TR LR VA WRR B A T TR NS, B A TR R 2 %
T T TR % 6 TR S A2 ol XSS, T S P v SR AR VA TR (/K rp U 1 o v i S B B 1Y 7 40 U AT 3K 55% )
FUAE S K 5 T 5 1B AW SIS BRI A, BEAh, v b DX K 7= IR B A b ol e 328 i 430 78 (K, R 2%
RNE UG | 2 30005 I 1R 3B m h A R ™ PR, 2 R 3 B LR OB SR R R A
PN RHIEST 9
2.1.1 #KETFRAARAERRZIZIEKIE

a. FRIAMRSTI R S5E T AT, AR T B 1 R A3 R SR (80% LA L) RN R ER
(10%Z47) , R LR B ER K MR BE (JRR B0 —FRAE 3% ~5% ", I, &8 ARG ER A LA NaCl /R A T, A
AN, T NaCl 354 58. 44, & it (Ui 73080 A/ T 99. 5%, £54 GB/T 1266—2006( fk.2%
WA B ER, R E 5 R ERIA RO BEIREE . 0% (267K ) (5% 10% \15% ,20% (#& NaCl 5 H KKy
e Fe Rl 25 ), IF A G 2% 38 B T H R A7 0 e o Tk B R VA VR O TN R R 6 U T TR AR
2,

b. RS, 25 S S AR A E RS2, 2 P RV TR R B IR AE AR, DB i
WX EEERLW JRAFEY IR EEER, EFIR 150 &4 TEERARHUR 0T B brik LK b
12 h, i B FHAE T LD 40°C T 12 h A — R TRRAGE IR, 8 T W858 SR ik st 6] % 307 7 YR A5 A6k 140 5 1, 47 B
YBY HIBE R 10 YR 20 UK,

2.1.2 FARMBEFAERA R IZ 4R

R T S B AKAIE FRAE X AN (]3035 TR A5 Ak 040 52 Wi RIS HL S o R 8 B 1 52 2 38 i 2804 FH O 76 R s ol T
IK IS Pl ST R L T4 % FH K B0 328 56 ( moisture induced stress test, MIST) X3z £2F fiti i &1 399 44
BIKETT . RIS 3 E InstroTek 23w AR ™ B T 1R A MIST U4, 2l 16 2601 RS 3 BHIE
IS FERAE & 4, PTHE HIE PR K R ) PRI R RTREE . /K IR ) & T s X, 3 2o 03 R I8 78 i
SOV BLIE R R A A A A, DT S 36T 307 7 TR 5 ek PRS0 114 80 7 o Bl 1§t ) 490 42 2 £ 1 8 L B K e
AR

MIST RN T B & T3 B0, B 20 ~40°C 4K (8% 5%2h K ) 58 488 w5l i 25 10 s 76 K 28R
B L% 2~4mm J5 , 35 E RS B3 K 6 ANMIRAR BB b TR R N s K RS R R
05 HAE T 36 FHoD A i K AR H K, B 36 1 H D A s K PR o BIK BV AT 5 3615 22 YR R 60°C |, it Jin
1 40Psi(0. 276 MPa) , i B R ECH 3500 ¥, 21 THTK 20 6. 4 b JEIRLE A FTHFHEK I8, HESE N EB K 43
JEATIF 35 T IR ATHEK I 5 Bl AR AR N A B KK B S5 i AR 2R 10T, BRI 3 ~ 4 min S5, 1A HEZK B 7K 435
HEH s BT A (25+1) CHEIEVK I 2~3 h #EA7V2 A1, MIST 45 47K il 5% NaCl 7% AR A BT (LA
JEANR], R SH—B0) | JG S IR R shaliK G IR R s K IFER"

2.2 HERMEENRAZ
2.2.1 ABifpiRAFEE

PEREI IR GG LA B R ARS8 0 3 B LA DIC, DT BE 00 b sz e Ly Ao i i B HLTF S e, R, X6
FE AR, AT G0 R A A RS B 0y b e — R, A ) e 3 R D 285 R X 1107
HIRA BT AR K, Bk, B il B NS % T JTG E20—2011( A 1% T2
Wit B Wi IR A RHA R AR ) H TO713—2000 HU4h FE 8 50 (AR ) B FHOC N2, PRl ge R B 13k 15°C
TN H R HIAE 2 mm/min, DLkE G i B A8 (0 RN 2808 2R 8 s el e 45 8 0 T4

SRR 3 R o 5 0 ke 2 ) A G, SR P v e B R M R 2 R 0 TR A R S
LB T R . SRRk | LR IR P S A R A IF 8 A R I R A R A A T i R AL
() 1T W ity 5 BB A REEE FH SR S BR 25 M I, i AR Y th B O e AR & ), AR T & R IR i R if SR 5
B E IR GRNA 8 T2 07, T4 FR e DAHERR <, o OR 5 100 2 5000 5 SR 5 AE 00 TR B b 4x )
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WA IR i R g MR R L G208 3 T th 2 A B, T e e 45 S 1 5 5 e )2 1 A T
£ 25 ~30 min RS8R EL e AR O 2 322
2.2.2 XA &R BRI

AR DIC B s B2 AN MRS B, T a0 T A T BACBE (M5 ) Ab 3L, B iy 2 il 1 IS e 2 R
B AR R A TR SR T SR ' D 75 TR M3 A 3k 0 T 340 5T W — J2 IS I , R JEE B8 1
T, DAk G IS JE S e 5 2 L AE i HU ISR BER S R 3 ~ 5 min, FF L A AR TR S Rk
el T PR A0 IS R A PR 3R T /K P FE B 2 50 em %8 ELFE B9 24 30 em AL B IR BEDLIOE IR 58, i lR ol 72
N PRI S R AT (R 25 AR T T 2 T, sl O v 4% L 42 o 2 T 2 1l Bk AR SO AR
B o A IR A B AL /NS R A S SRR HR A X L S AT RE BRI 1 1, SEAR
ORI | BHR B T IR R E R IR 15°C B UTM-30 J7 eI I LR W3R 47 5 h, F2 30 58 05 (8 o] k47 B
Fepr ity
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Fig.1 Morphological changes on the side surfaces of asphalt mixture specimens after salt erosion
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Fig. 4 Effect of static saline dry-wet cycling on the direct tensile strength and strain energy density of asphalt mixtures
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Anti-disintegration properties and microscopic mechanism of
clayey soil improved by lignin derivatives

Song Zezhuo, Liu Jin, Yao Yijiang, Bu Fan, Chen Zhihao, Shi Xinhao
(School of Earth Sciences and Engineering, Hohai University)

Abstract: To address the problems that the anti-disintegration property of surficial clayey soils is prone to deterioration under
meteorological factors such as rainfall and drought, and traditional improvement materials such as cement and lime have defects such as
high brittleness and irreversibility, the clayey soil in Nanjing area was taken as the research object to prepare improved soil samples
with different lignin derivative contents and conduct disintegration tests. Combined with scanning electron microscopy ( SEM) and
energy-dispersive spectroscopy ( EDS) , the macroscopic and microscopic mechanisms of the anti-disintegration properties of clayey soils
improved by lignin derivatives were revealed. The results show that the disintegration process of improved clayey soils is divided into
three stages: initial saturation, rapid disintegration, and slow disintegration; the 1% content has the optimal effect, with the initial
saturation stage extended to 9 min, the complete disintegration time doubled compared with that of untreated soil, and the average
disintegration rate reduced by 20. 13% ; lignin derivatives form a film-like structure on particle surfaces to wrap and connect particles,
reduce pore connectivity , introduce Ca> to enhance cementation, and inhibit water infiltration; when the lignin derivative content is too
high, the films aggregate, interparticle connections weaken, and the anti-disintegration performance decreases.

Key words: clayey soil; lignin derivative; anti-disintegration property; microstructure ; improvement mechanism
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Fig.1 Schematic diagram of disintegration device
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Fig.3 Effect of lignin derivative content on disintegration rate of specimens
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Fig.7 Schematic diagram of mechanism of clayey soil improved by lignin derivatives
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WE. 4B oI AT E-B B KMARBIR T AT H A FIKE % B AR 12
BB T B ARG A S (RBF) KEAEA 5 % B 47 45 K (MORIME ) £ 40 55 5% 9 %5 48 B 7 3%
BRIRH R T A 2 RAM AR 2 RBF RIZALA KA A I, 5N
R TF KK -4 MORIME 4 Al SF ok 52 Uik BUIR . A 3 bk B A B s S8k 45 300K 30 b 4] 4T T 4%
T Aot ) 23 F E-B BER A BORORIAE | 45 R AR 0% BRI ke B B 0 RO L, B R R
TRAHOE R A PRI A3 69 R B &y 5k R A HOH £ 0.99 VA b SRS By 3R TP AR T 23
A4 B AR AR R SR S, SHAP SR M A4 3 — % K 428 £ A dk K Ao K, #THETR A2
ST CEN SR e S

KR A B AR R A3 IR SRR AR F E-B ARAL  RBF RIZAEAL; $ B ARfAL ; 5B kA S ik
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Inversion method for constitutive parameters of gravel pile composite foundation
based on multi-output machine learning

Qian Zelong' , Cen Weijun', Liu Dong’, Qian Jiahao', Zheng Changhai', Han Jianhua®
(1. College of Water Conservancy & Hydropower Engineering, Hohai University;
2. POWERCHINA Zhongnan Engineering Corporation Limited)

Abstract: To address the problems of low computational efficiency and difficulties in multi-objective optimization during the inversion of
constitutive parameters of the Duncan E-B model for gravel pile composite foundations, an intelligent inversion method integrating a
radial basis function (RBF) surrogate model and a multi-objective rime ( MORIME ) optimization algorithm was proposed. In this
method, Latin hypercube sampling was adopted to construct the parameter sample set; an RBF surrogate model was established to
replace finite element computations; the MORIME optimization algorithm with a local exploitation strategy was introduced to achieve
rapid inversion. A single-pile static load test at a pumped storage power station was taken as an example to verify the parameter
inversion of the Duncan E-B model for the gravel pile and the surrounding soil. The results show that the inversion method has high
inversion accuracy; the coefficients of determination of curves at different monitoring points obtained by substituting the optimal inverted
parameters back into the finite element computations are all above 0. 99; the dual-mode local exploitation strategy can significantly
optimize key objectives and reduce the number of iterations for convergence. The SHAP sensitivity analysis further shows that the
surrounding soil parameters K and K| have a significant influence on the pile-top displacement and the soil stress near the pile top.

Key words; gravel pile composite foundation; parameter inversion; Duncan E-B model; RBF surrogate model; multi-objective

optimization; rime optimization algorithm
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T A B R TR A I 22 B ASUAET TR £ e | I AT SR M4 ) S AL AR 22 2 B S U i, S AR S
Btk Fam b UnRAE TRt . BOMAR ST RGER TR BEA - TR AR 1, W3 R IR B o
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K P RR A8 48 2 4 A A 8 00 1) S5z 325 1 2% 0] 0] ( SSA-TSVR ) AR BRI B ARG 1 3o iAs . i 250000428 1)
PR%R (radial basis function, RBF) XA 5 E S L HE 7 84 583 (NSGA- 1) #HEE G, L3l 11 51 A 46 A 161)
T T ER SR 2 H bR 3, RS S R B 5 1k (PSO) 5 2 da s Fi /s 3 SRR 1) & Rl A
(MLSSVR) #l A, FIFESOAE TR (57 B% W B4 B i 7 2R S 80, Wan & T — I sOE 24, A
TN AR AL SOEAR G E-B BRI SEL, TSR A R R R 2 BIL (B B 2 45 (CNN) KA
ICIZ(LSTM) | EIRZE P45 (GNN ) 55 ) 78 RAEAR 251 T F0RG B 5, {H AR A 1 5 85 o i Uk, )Nl k5 04
S ] AR 5, 25 AR BB TR, 6 T RE S BRI &5 R 5 2 AN — B s oA
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BT LIRS HT AR SCERE RBF AR BEAEAL S £ H AR VK ( multi-objective RIME, MORIME ) b5 1541 4,
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a. AESZHECHET o BT A R 4R Pareto PE45 55905140, 1 M Ry H AR sREICEICER: ST A e Ly T2

Vie (11,2, M}, fi(x) < f(y) H 3j, fi(x) < f(y) (1)
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Fig.1 Flowchart of multi-objective evolution mechanism
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Fig.2 Parameter inversion process for gravel pile composite foundation based on RBF-MORIME inversion method
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B PN A G K VIR R85 n AP K, RBUBIEIEE m, S50 L R BRIE ML RE M R A
K FHPLT S 7 RAEAE RSB ASE A BRICIT

b. RBF fCHIA U2, FIFHAT PR OTEME (5 F A B FE AR (FEAR SR A1 i A S5O0 I i o DR A
W) AN 3 Bk b RBE A5EAY i A T0U07 B A7 T2 5 [ 7 o AT S 188 ) 10 7

c. MiEZ FbR S ok B, MRS HAR SR £, A £, o3 000 O 60 3% T (B 5 3 36 18 1) 2 O AR AR 22
(RMSE ) 1 ] 37 3 A 5 iR 5 (8 ) RMSE , 32 A RBF fUHHAE AT 47 S50 0

d. b5 RABmAIE, 2t 10k, MORIME AR50 i Y Pareto FiF VT i 88 & e A e U S 93
SRR (AT ) B RO TR SRR A FR T AL AT B0 IE

3 TFHESLHIEIE

3.1 IFE#R

HEAhoKEE RE Ll LK R — AN RIR G AP BN R IR RO LB )= i I /K R K 2R SR
PP A BEIN e IR IR BOR U7 A T B R U R LA 1. O m BRI 25 m, FRIJE AR ST Al
HAZ 3. 0m, 70 10 G4, e REAT 600 kPa, HETGA &AL T, AR TR 2B LKy & B4 R W 1,
456 DA 57 = AR AT BROTAEIY 2B phy R AR AR T 32 T E BEJR R RS 5 AN aR 4, A BR
JURSERY DL 3 PRI PP A5 1 S AR T2 6 AR G5 [ JO7 T30 00 2 Sy ] 4 188 g o 00

x1 PFBAEHUKBEER
Table 1 Results of field single-pile static load test

" ] i 77/kPa
&/kP b TRV A%/
firgk/kPa  HETAI S/ mm o FHAL
60 -19.3 110. 4 46.8
120 -43.2 177. 4 95.0
180 -65.5 240.3 143.9
240 -94.1 274.0 176.9
300 -117.3 336.8 214.8
360 -148.3 424.0 238.9
420 -172.5 550. 1 298.3
480 -209.3 615. 1 330.9
540 -237.1 748.3 375.8
600 -272.9 860. 0 400.3
HZ M1 W2
e 7
¥ayiis ‘ '
FEJE £
A
(a) KM (7 m) (b)) 1 A%

B3 ZHAHRTEE
Fig.3 Three-dimensional finite element model
3.2 REHEEH
VA7) FAE i 280 I A5 (A TS B (AR, 1) LI i 2 BBRTOU (It 1) R Jo] A (I 2) 19 ¢ g B2
W&l BARIEA TR, DARE TR A BUI(E 5 50 A 1) RMSE 1B R 55— A BAReREL(f, ), LARETRS B 4 15
5] 7 3 ) RMSE Z FIE R 55 A~ BAR R (f, ) , 4T 2 BARS.
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FRAEU XIS E-B BT T SEAUERE ST AR K on K, om SEOS TR R M
R, AR S S A AT BRI f] 1 3 4 DA S ROHAT G . SR 2 A S EORE S i S
HOBENE AR 2230 A OC 1 Tk B BORMUAE , IR 2 FR, 1 TR HOKEIA IR T ¢ #2200 I8,
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Table 2 Known constitutive parameter values and ranges of parameters to be inverted

MR p/(gem’)  @/(°) Ag/(°) c/kPa K n Ry K, m

R 2.24 52.1 7.0 1317.9 0.31 0. 60 680. 8 0.04
AT 2.26 38.0 0 800~1000 0.20~0.30 0.82 350~500  0.17~0.27
BEE 4 1.60 26.4 42.1 75~125 0.65~075 0.58 45~75 0.45~0.55

VEp WEELE s, Ag 4M5 K S BEF B AR GAE R, BRI
3.3 HEAREMERMEIZ
Fie e 2 BRSO S A BUE Y R, SR P T 88 57 7 R 7 1% 4 S EGHE A THURE , BURESCH 100, SR
AR 1Y 100 4 3 S B0 T A ROTTHH 15 2184 SO S 800 6 Y 10 G 8 T il 1 AL 808 D A 1
I A5 2 B 1) 0 I E, FR A 4 R GE TN 3 R,
®3 RESHSHEERTIHESER

Table 3 Inversion parameters and corresponding finite element computation results

ﬁiﬁ WAHE FEJH £ HE TR ES/mm B Jia) Jif 77/ kPa
5 K n Ky, m K n K, m BT HEJE £
1 830.7 0.30 492.5 0.19 104.0 0.68 66.7 0.49 -18.5,---,-255.3 107.0,---,847.8 47.7,---,393.3
2 867.9 0.27 396.4 0.25 109.0 0.67 70.9 0.52 -18.2,---,-250.8 86.3,--+,779.3 47.8,---,399. 8
3 906.3 0.21 482.3 0.22 92.3 0.71 57.5 0.54 -23.3,.--,-287.4 83.8,--+,894.8 46.8,---,381.0
99 955.3 0.23 420.9 0.18 111.7 0.65 64.9 0.52 -18.1,---,-248.9 108.5,---,833.9 47.9,---,398.0
100 935.7 0.23 467.5 0.23 110.1 0.68 61.7 0.48 -18.2,---,-251.0 109.3,---,856.3 47.8,---,394. 1

B RS E G X N A BRICIHH RSN | AREA JLAE 1 100 AFEA #2 8 « 2 1Y L 3l 43 I 254 5
A, R HI AR S 20T RBF ARBBLAY (4™ g R BRI K 2 ool e A T S0, i e B S AL & 5 i
RBF fCRRABERY A FRA AT T00 57 A5 I A A e R4 R S 0..990 7, A T0 FIAE J&] A 8 1) 1o 7 i 3 4 1 e i
FECR? 435100 0.994 5 F10. 999 2, & B <7 (AR AR A HLA 5w il 5 8 BB B A BROGHH L, T T
LRI
3.4 REER

S MORIME £ A, 18 0] 6 R BE AL 20, 4 5 4 4 BERRER
FIRRAEBECH 40, ZEARECH 200, DL AL P 8 A 55 Table 4 Optimal inversion results
{Ei RMSE %5 FER 050, X 8 X645 B-B BUBAI SHGITT — .
S i ’ M BE A RN 4 PR A HE 851.7 0.27 440.0 0.25

KA I W S BT A BT, USRS i 2 _ Bt 93.7 0.6 72.9  0.52
R AN SR 4 s, BETIAE 10 Sy 28 F UK 28 1 bk i 280 R® 0 0. 998 6, A1 T9 AAE J&] + 78

~ 5 ~ I

faf#k/kPa fif7k/kPa ff4%/kPa
060 240 420 600 060 240 420 600 060 240 420 600
-50 200 100
-100 = s
2 = 400 = 200
% -150 -R -R
E 200 H 600 ) =300
R*=0.998 6 = R*=0.996 7 = R*=0.994 2
_250k 2 800 F 2400
-300L 1000 L 500 L
(a) BETGLES (b)) BETGE ] B (¢ ) AR 18 R g

4 BARTITEESRIEEL

Fig. 4 Comparison between calculated finite element values and experimental values
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4 SiRSITE
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i, ML, AR SCAE MORIME P AR5 g | ABURBE A Ry 3 I e SR, L st i i 1 4 AOYE MR 85 A () I
S, BRI R SR I DAL RCR AN 5 B, Hoh e R IT & R WURERIT & (148 60 WG A4t 5 &) |
AR & (BB 20 i & ) WU 25 R 3R IF & 4 Bl mg f, Fe/ME 43 318 21, 10,20. 04.20. 15,
19. 94 kPa, WU JRy i - & W SIGE AR IR B R 109 IR, K51 AR FRIF A& R wE B, AL 2 7F 10~ 128 1129 ~
200 YA IS AR fAR BE /N B B A R AR e A , AR BB MR 8 ; 1SR & TRy 5 & SR (f, ) B, 24648
60 W5 FEIEA 5 UOW Y HTRG SR 28 T L f, AT RSB IE 2, iF — 2D AR, 24 & TR 3 O & SR W 7 5
65 YLl A BT CSE T % 0. 4452 ARALBOR W3 . SR HECG R BB T & SR ms i, &R0 20 1k, M5 Hi
Pareto BT A BEHHHT IR B3 I K11 3 AMRAE SR in s AT R IR G Ak £, A f, SIS R I &
TREWE T Uik & B WCBRE T % 0. 342 5 ARALRICR W3, SR FHOBUBEZS Jmy 8 o SREm B, A 4 101 Jmy 4 & Rk
G IR R FLFEE AT RS AE 109 YAEARES BUELSL f, KB i/ME 19. 94 kPa, [ iRZE R FRH] X
PSR TE & R A Rl & T PRI R R IT &2 A3 1 Pareto BTV AUFESERIOCHE B AR LA 7 T RCR 3%

20f 2.0 2.0
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Fig.5 Comparison of effects of local exploitation strategy
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Table 5 Inversion accuracy and time consumption under different sample numbers
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Effects of general scour on the stability of the anchorage foundation of
the Liuwudian Navigation Channel Bridge

Lin Luyu'?, Cai Huazhong’, Guo Mengyu', Liu Baosen', He Rui’, Zhan Xiaoming’
(1. Xiamen Road and Bridge Engineering Investment Development Co. , Lid. ;
2. School of Highway Engineering, Chang’ an University ;
3. Fujian Provincial Transportation Construction Quality and Safety Center;
4. College of Harbour, Coastal and Offshore Engineering, Hohai University;
5. Zhejiang Huadong Surveying and Mapping & Engineering Safety Technology Co. , Lid. )

Abstract: To investigate the influence of general scour on the bearing performance of the anchorage of Xiamen Liuwudian Navigation
Channel Bridge, scaled model tests and finite element numerical simulations were conducted. Homogeneous quartz sand was adopted to
simulate the soil surrounding the anchorage. Under working conditions with different scour depths, scaled model tests including
unidirectional loading, unidirectional single-stage loading-unloading and unidirectional step-increasing cyclic loading-unloading were
performed to obtain the load-displacement curves of the anchorage. The finite element modeling method was validated against the test
data, and a three-dimensional numerical model of the prototype anchorage, considering actual soil stratification and replacement
reinforcement, was established. The scaled model test results reveal that the ultimate bearing capacity of the anchorage decreases by
approximately 14.3% with each additional scour depth of 0. 33H ( H denotes the embedded depth of the anchorage), and different
loading modes exert slight effects on the ultimate bearing capacity. Numerical simulation results indicate that at the prototype site, the
ultimate bearing capacity declines at a rate of about 10. 3% when the scour depth increases stepwise by 0. 2H. Although slight
numerical differences exist between simulation and test results, their overall variation trends are consistent. As scour intensifies, the
failure mode of the anchorage gradually transitions from overturning-dominated to global sliding. Among the constitutive parameters of
surrounding soil, the internal friction angle exerts the most significant influence on the ultimate bearing capacity, followed by cohesion,
whereas the elastic modulus has a relatively minor effect.

Key words: anchorage; split-type caisson foundation; general scour; physical model tests; finite element numerical simulation;
Liuwudian Navigation Channel Bridge
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Fig.3 Schematic diagram of the experimental
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Fig. 6 Comparison of load-displacement curves at anchorage splay saddle under different working conditions
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Analytical study on nonlinear seepage field of subsea tunnels under dynamic water levels

Liu Xiang', Li Kuichen', Wang Dongchi', Zhang Yu®, Jiang Annan', Fang Qian’
(1. Institute of Road and Bridge Engineering, Dalian Maritime University ;
2. Beijing Urban Construction Group Co. , Lid. ; 3. School of Civil Engineering, Beijing Jiaotong University )

Abstract: In view of the problem of the seepage behavior of fluids in low-permeability media, such as the lining and grouting zone of
subsea tunnels, may deviate from Darcy seepage, the Hansho nonlinear seepage model was employed to describe the seepage behavior
within the lining and grouting zone. Analytical solutions for the nonlinear seepage field of a subsea tunnel under dynamic water levels
were derived using the complex variable method and the method of images, respectively. Furthermore, an analytical model applicable
to different support conditions, such as lining, grouting zone, or no support, was established. The accuracy of the analytical solutions
was verified through comparisons with numerical simulation results, other theoretical analytical solutions, and laboratory model test
results, and the effects of factors such as the nonlinear parameter, dynamic water levels, and the ratio of grouting zone thickness to
lining thickness on the seepage field were analyzed. The results show that as the nonlinear parameter increases, the tunnel water inflow
decreases, and the grouting zone sustains greater pore water pressure, thereby reducing the pore water pressure sustained by the lining;
under the action of periodic dynamic water levels, both the tunnel water inflow and pore water pressure vary periodically; the grouting
zone can attenuate the influence of dynamic water levels on the lining, and as the ratio of grouting zone thickness to lining thickness
increases, the tunnel water inflow further decreases and the pore water pressure sustained by the grouting zone increases, thereby
reducing the pore water pressure sustained by the lining.

Key words: dynamic water level; nonlinear seepage; lining; grouting zone; analytical solution for seepage field; subsea tunnel;
complex variable method; method of images
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Fig. 10 Effect of thickness ratio on tunnel water inflow
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Fig. 11 Effect of thickness ratio on pore water pressure at inverts of lining and grouting zone
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Multivariate hybrid prediction model for PM, . concentration in dry bulk ports
Tao Kaixuan', Feng Xuejun', Ji Jieming', Tu Aohui', Lin Zhiduan®
(1. Institute of Maritime Logistics and Green Development, Hohai University; 2. CCCC Water Transportation Consultants Co. , Lid. )

Abstract: To achieve accurate prediction and effective control of PM, 5 concentration in dry bulk port areas, a multivariate hybrid
prediction model based on support vector regression ( SVR) integrating XGBoost feature selection and particle swarm optimization
(PSO) intelligent optimization was proposed, namely XGBoost-PSO-SVR model. The differences in PM, 5 formation mechanisms and
diffusion processes under meteorological conditions in ports were fully considered by the model. XGBoost was employed to quantify the
key influencing factors, and the SVR optimized by PSO was utilized for accurate prediction. The case verification results of typical port
areas in the Nanjing section of the Yangtze River show that the XGBoost-PSO-SVR model has strong robustness in the high-
concentration range; compared with the univariate STL-ARIMA-SVR model, its MAE, MAPE, and RMSE decrease by 15. 6%,
14.3% , and 24.9%, respectively; compared with the conventional multivariate SVR model, they decrease by 52. 5%, 57. 1%, and
37.7%, respectively. The XGBoost-PSO-SVR model has good prediction performance and can provide decision support for intelligent
dust suppression in dry bulk port areas.

Key words: dry bulk port; PM, ; intelligent dust suppression; multivariate prediction; hybrid model; XGBoost
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Fig.2 Construction flowchart of PSO-SVR automatic optimization model
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Table 1 Overview of port areas in the Nanjing section of the Yangtze River
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Fig. 6 Comparison of PM, ; mass concentration prediction results of different models for next 10 days
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Table 4 Comparison of prediction accuracy of PM, ; daily average mass concentration
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HWE. A7 2R W RIKAE5 209 75 IR 23R8 TH IR AN 50 A AR HLRE B A 5Tk fe #2309 % vm ) 2L
T OpenFOAM 33 T PR 455 56 69 BALABE A |38 33 2K AR AT AR AR 3 B AR AT AR TR 50 B NS IR I
FefkE S AR, AT T HUR AR R T AR ARG T R AT, BTSSR A B A R R B Ay 38
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KRR« P AL IR AR B AR MR 5 VR SRR 5 B 4T & 4L ; OpenFOAM

RESY S .TVI39.2;P753 M ERFREARD A MEHS:1000 - 1980(2026)05 - 0173 - 08

Numerical simulation of wave attenuation characteristics of oyster shell bags
based on OpenFOAM

Shao Shihao'~, Tao Aifeng' >, Wang Youqi’, Tian Peng’, Xing Jinyang’, Liu Jianhao'*, Xu Wei’
Fan Jun'*, Chen Xinping®, Han Yu’
(1. Key Laboratory of Coastal Disaster and Protection ( Hohai University) , Ministry of Education;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University;
3. College of Hydrology and Water Resources, Hohai University;
4. CCCC Shanghai Waterway Engineering Design and Consulting Co. , Lid. ;
5. Shanghat Investigation, Design & Research Institute Co. , Ltd. ; 6. National Marine Hazard Mitigation Service;
7. Zhejiang Institute of Hydraulics & Estuary( Zhejiang Institute of Marine Planning and Design) )

Abstract: To quantitatively evaluate the wave attenuation performance of oyster shell bags and further investigate the influence of reef
roughness parameters on wave energy dissipation, a numerical model of oyster shell bags was established based on OpenFOAM. By
changing parameters including relative reef height, relative reef crest width, incident wave steepness, and roughness, the wave
attenuation characteristics of oyster reefs under regular waves were analyzed. The results show that the transmission coefficient
decreases with the increase in each parameter, among which the relative reef height has the most significant influence. When the
relative reef height is 1. 0, the influence of roughness on wave attenuation is mainly reflected in the low-value range; when the
roughness increases from 0 to 2.5, the transmission coefficient decreases by 23. 6%, but as the roughness continues to increase, the
transmission coefficient remains almost unchanged. Based on the analytical results, a prediction formula for the transmission coefficient
was fitted using regression analysis, which provides a basis for evaluating the wave attenuation capacity of oyster shell bags.

Key words: oyster shell bag; roughness; wave attenuation; transmission coefficient; OpenFOAM
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Table 3 Model validation results
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Fig.4 Comparison between numerical and experimental results
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Experimental study on material properties and recyclability of grout for
offshore wind suction bucket foundation

Zhai Hanbo', Li Tingting' , Dai Jialin' , Yang Jinkang’, Wang Weichen’, Fu Dengfeng’, Huang Wei’
(1. China Three Gorges Corporation Science and Technology Research Institute ;
2. College of Environmental Science and Engineering, Ocean University of China;

3. School of Civil Engineering, Sun Yat-Sen University )

Abstract: To optimize the composition of grout materials for offshore wind suction bucket foundations and verify the recyclability of
suction buckets after construction with different grouts, 18 fluidity tests, 21 unconfined compressive strength tests and 6 suction bucket
recovery tests were carried out to investigate the influence mechanisms of water-solid ratio (0.75, 1, 1.1, 2.5) and bentonite content
(0%, 20% , 40%, 60% , 80% , 100% ) on the fluidity and compressive strength of grout materials, as well as the recyclability of
suction buckets in clay with different grouts. The results show that at a fixed water-solid ratio, the fluidity and compressive strength of
grout materials decrease significantly with the increase of bentonite content, and the grout basically loses fluidity when the bentonite
content is no less than 60%. At a fixed bentonite content, fluidity increases with rising water-solid ratio (210-290 mm for 20%
bentonite content) , while compressive strength decreases accordingly. Suction buckets with grouts containing 60% and 100% bentonite
can be successfully recovered by positive-pressure water injection inside the bucket. In contrast, grouts with 0% and 20% bentonite
content fully solidify and completely block the water injection port, leading to recovery failure. It is recommended that the initial
fluidity of grout be controlled within 250-300 mm and the fluidity after 30 min be no less than 200 mm. A bentonite content of 60% is
preferred, and the water-solid ratio shall be increased until the required fluidity range is satisfied to balance the requirements of
constructability, structural strength and recyclability.

Key words: suction bucket foundation; grout material ; bentonite content; water-solid ratio; fluidity; unconfined compressive strength ;

recyclability
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Table 1 Scheme for suction bucket retrieval test
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Fig.3 Fluidity test results
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Comparative analysis of dynamic response characteristics of deep-water buoys with
single-point and three-point mooring systems in extreme environments

Chen Hangwei' , Sun Angi’, Wu Cong', Wang Xianzhi’, Qin Wenhong', Qiao Dongsheng’
(1. Haikou Sub-Bureau of Guangzhou Bureaw, EHV Transmission Company of China Southern Power Grid Co. , Lid. ;
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology)

Abstract: To improve the on-site stability of navigational buoys for submarine cable routes under extreme environments and optimize
their motion response and mooring tension, this study takes a 2. 4 m-diameter all-steel deep-water buoy as the research object, and
conducts a comparative analysis of the motion responses of the buoy and mooring tension under single-point mooring (SPM) and three-
point mooring (TPM) systems. Under the premise of ensuring consistent total weight and initial pretension of the mooring chains, SPM
and TPM systems were designed. A time-domain coupled dynamic response calculation model for the buoy and mooring systems was
established, and the buoy’s motion responses and mooring tensions were compared and analyzed under the action of different regular
wave heights/periods and the extreme typhoon condition of “Rammasun”. The results show that; the motion responses amplitudes of
the buoy and mooring tension are mainly affected by wave height, while influence of wave period is weak ; compared with SPM system,
TPM system can effectively reduce the amplitude of the buoy’ s motion response and the mooring tension. TPM system layout method
proposed in this study can provide a reference for the design improvement of the currently commonly used SPM buoys.

Key words: deep-water buoy; dynamic response; mooring system; mooring tension; time-domain analysis; typhoon condition
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Fig. 1 Schematic diagram of buoy
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Fig.2 Schematic diagram of mooring system coordinates Fig.3 Static stiffness curve of mooring system
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Table 1 Mooring system performance parameters

ESEEX HUEE E A2 /m FEEK S /m BB R/ (kg/m)  HUEE R IARIEE/MN PAUGE TR B/ MN
L 0.0340 82.5 23. 000 98.770 0. 600
=0 0.0196 82.5 7.645 32.810 0.187
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Fig.4 Frequency-domain hydrodynamic calculation results of buoy
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Table 2 Ocean environmental parameters

DL W/ m JE/s 10m AL KGE/ (m/s) KIZWHES (m/s) JRIZWES (m/s)
1 8 10 55 3.5 2.5
2 9 10 55 3.5 2.5
3 10 10 55 3.5 2.5
4 11 10 55 3.5 2.5
5 12 10 55 3.5 2.5
6 12 11 55 3.5 2.5
7 12 12 55 3.5 2.5
8 12 13 55 3.5 2.5
9 12 14 55 3.5 2.5
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Fig.5 Variations of maximum values of buoy motion responses with wave heights
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Fig. 6 Variations of maximum values of buoy motion responses with wave periods
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Analytic analysis and over-limit mitigation of voltage fluctuation interval
under source-load uncertainty

Huang Hua', Zhu Lixuan®, Yu Yiping’
(1. School of Electric Power Engineering, Nanjing Institute of Technology;
2. Electric Power Research Institute, State Grid Fujian Electric Power Co. , Lid. ;
3. School of Electrical and Power Engineering, Hohai University )

Abstract ; In view of the frequent uncertain voltage fluctuations and even limit violations at buses caused by the high penetration rate of
renewable energy generation and emerging loads, an analytical calculation method for voltage fluctuation intervals under uncertain power
disturbances was proposed. This method employed an interval model and a non-parametric approach to characterize uncertainties and
could rapidly obtain the voltage fluctuation intervals of each bus through analytical calculations using only the disturbance intervals of
bus injected power. On this basis, an optimization model aimed at minimizing the adjustment cost was established to determine the
power adjustment measures for mitigating voltage fluctuations, and a voltage fluctuation mitigation strategy utilizing adjustable loads
during voltage limit violations was subsequently proposed to restore voltages to the allowable range. Simulation results on the IEEE 39-
bus system show that the errors of the upper and lower bounds of the voltage fluctuation intervals obtained by the proposed analytical
calculation method are around 1%. Furthermore, the proposed over-limit mitigation strategy is highly effective.

Key words: power system; renewable energy generation; uncertainty disturbance; voltage fluctuation; interval analysis; over-limit

mitigation
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Table 1 Comparison of calculation results between proposed interval algorithm and Monte Carlo method
T v, - 0 I : _ L ‘

SRERE I ARSCIX S R/ % SRERE I ARSCXE R/ %

1 1.0394 1.0444 1.0479 0.3351 1.0345 1.0309 0.3480
2 1.0485 1.0558 1.0633 0.7104 1.0414 1.0337 0.7394
3 1.0307 1.0420 1.0533 1.0845 1.0195 1.008 1 1.1182
4 1.0045 1.0241 1.0390 1.4549 0.9859 0.9700 1.6127
5 1.0060 1.0281 1.0437 1.5174 0.9842 0.9683 1.6155
6 1.0082 1.0303 1.0460 1.5238 0.9863 0.9704 1.6121
7 0.9984 1.0221 1.0376 1.5165 0.9748 0.9592 1.6003
8 0.9979 1.0212 1.0363 1.4787 0.9743 0.9595 1.5190
9 1.0383 1.0499 1.0566 0.6382 1.0268 1.0200 0.6623
10 1.0178 1.0360 1.0500 1.3514 0.9996 0.9856 1.4006
11 1.0134 1.0333 1.0483 1.4517 0.9935 0.9785 1.5098
12 1.0008 1.0217 1.0405 1.8401 0.9777 0.9611 1.6979
13 1.0149 1.0334 1.0484 1.4515 0.9964 0.9814 1.5054
14 1.0123 1.0301 1.0453 1.4756 0.9952 0.9793 1.5977
15 1.0162 1.0323 1.0461 1.3368 0.9992 0.9863 1.2910
16 1.0325 1.0475 1.0604 1.2315 1.0177 1.0046 1.2872
17 1.0342 1.0483 1.0586 0.9825 1.0216 1.0098 1. 1551
18 1.0316 1.0447 1.0551 0.9955 1.0195 1.008 1 1.1182
19 1.0501 1.0582 1.0651 0.6521 1.0421 1.0351 0.6717
20 0.9910 0.9975 1.0023 0.4812 0.9843 0.9797 0.4673
21 1.0323 1.0475 1.0598 1.1742 1.0170 1.004 8 1.1996
22 1.0501 1.0601 1.069 1 0.8490 1.0397 1.0311 0.8272
23 1.0451 1.0564 1.0660 0.9087 1.0335 1.0242 0.8999
24 1.0380 1.0540 1.0669 1.2239 1.0221 1.009 1 1.2719
25 1.0577 1.0825 1.0988 1.5058 1.0326 1.0166 1.5495
26 1.0526 1.0716 1.0881 1.5398 1.0333 1.0171 1.5678
27 1.0383 1.0542 1.0684 1.3470 1.0219 1.0082 1.3406
28 1.0504 1.0679 1.0803 1.1612 1.0332 1.0205 1.2292
29 1.0501 1.0638 1.0729 0.8554 1.0365 1.0273 0.8876
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