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Mechanism of trapped air-pocket motion on geyser occurrence in drainage systems under restrictive ventilation
conditions//Xu Fujun', Zhang Yan®( 1. Shanghai Puhe Engineering Design Co. , Lid. ; 2. College of Water Conservancy
and Hydropower Engineering , Hohai University )

Abstract: To investigate the effects of restrictive ventilation conditions in a covered vertical shaft on air-pocket motion and
geyser characteristics, a combined approach of physical model tests and numerical simulations was employed to
systematically examine the influences of shaft diameter, ventilation ratio, external head, and initial air-pocket volume on
air-pocket motion and geyser occurrence. The results show that the water-level rise in the shaft during air-pocket release can
be divided into an air-pocket-driven stage and a pressure-difference-driven stage, resulting in four typical flow regimes: no
geyser, an air-pocket-driven geyser only, a pressure-difference-driven geyser only, and both an air-pocket-driven geyser
and a pressure-difference-driven geyser. The air-pocket morphology is jointly influenced by the shaft-to-pipe diameter ratio,
ventilation ratio, and air-pocket length. In small-diameter shafts, the air pocket tends to be symmetric and intrudes into the
upstream pipe, whereas in larger-diameter shafts, the air pocket exhibits significant asymmetry and remains trapped in the
downstream pipe. For small-diameter shafts, the air-pocket head morphology varies non-monotonically with the ventilation
ratio; it is approximately symmetric at a ventilation ratio of 0, becomes irregular at ventilation ratios of 0. 01 and 0. 02,
returns to a nearly symmetric shape at ventilation ratios of 0. 05 and 0. 1, and develops into a sharply asymmetric shape
inclined toward the downstream direction at a ventilation ratio of 1 (fully ventilated condition). A larger air-pocket length
results in stronger disturbances to the free surface and a higher release position. The rising velocities of both the air-pocket
head and the free surface increase significantly with increasing ventilation ratio, external head, and air-pocket length, and
decrease with increasing shaft diameter.

Key words: urban drainage system; shaft; cover; trapped air pocket; geyser; restrictive ventilation
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HE ATk 2AARERKFIRT R KRR RFA B HE N R E R BRIAL, & F#%
BT RBRRAKA ARG TA LI A4, @3 ETFarRMAegRAe 2 B s A2 AR T 4@ A
BEHOMKARAAEARTIRPHORAT B LTI KR T AREAFL G L ANEL Fh SHFIE,
FHEREN . FBEABAZTHRARRBEIRT Y AF ELAR KAt L&, £ £ AH
B, A B LR SEISIK, &SR J BRI S i AN B, KRB S B AL R AR AR TN B
8 AR Y B e RIZA 5 AR T B s |ARA S E AL v W 5 & A R BRI S 1A BROR AL
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Experimental study on geyser phenomena in water conveyance systems considering base flow//Li Xiaoliang', He
Xin', Chen Qianxun®, Zhou Ling’( 1. Ningnan Baihetan Power Plant, Three Gorges Jinshajiang Yunchuan Hydropower
Development Co. , Lid. ; 2. College of Water Conservancy and Hydropower Engineering, Hohai University)

Abstract: To investigate the geyser phenomenon characterized by sudden water-air eruptions and localized pressure surges
during the filling process of water conveyance systems, an experimental system for transient water-air two-phase flow was
designed and constructed. By utilizing the water level difference between upstream and downstream water tanks to indirectly
control the base flow, the water-air two-phase transient process during the filling of a water conveyance system equipped
with a ventilation shaft was investigated, aiming to explore the triggering mechanisms and dynamic characteristics of geyser
phenomena. The experimental results indicate that the geyser transient process considering base flow can be divided into the
air pocket impact stage and the eruption stage. During the air pocket impact stage, the air pocket undergoes repeated
compression and expansion, accompanied by periodic pressure fluctuations. During the eruption stage, violent water-air
interactions occur, a higher base flow rate results in less gas entrainment into the riser, and geyser phenomena are more
likely to occur if the entrained gas arrives at the top orifice of the riser later than the free water surface. The geyser
phenomena can be classified into four types; multiple-eruption type, no-eruption type, single-eruption type, and damped-
eruption type. Additionally, the propagation and superposition of pressure waves induced by air pocket rupture and
coalescence during geyser events are identified as significant contributing factors to the unstable pressure fluctuations.

Key words: water conveyance system; geyser; base flow; water-air two-phase flow; experimental study
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Correction method of take-off angle of jet from aeration facility//Dong Yuping'**, Zheng Linping’, Li Guodong', Li
Dan*( 1. State Key Laboratory of Eco-Hydraulics in Northwest Arid Region, Xi’ an University of Technology; 2. Inner
Mongolia Technical College of Mechanics and Electrics; 3. China Renewable Energy Engineering Institute; 4. Guyuan Water
Resources Survey and Design Institute)

Abstract: The take-off angle of the jet from aeration facilities is a critical hydraulic parameter for accurately calculating the
aerated cavity length. The turbulent characteristics of the jet indirectly influence the take-off angle through modifying the
diffusion angle, and the underlying physical mechanism is considerably complex. To rigorously account for the effect of flow
turbulence on the diffusion angle, the turbulent diffusion angle at the lower jet nappe was quantified based on the theory of
two-dimensional free turbulent jets, leading to the derivation of a modified formula for the take-off angle of jet from aeration
facilities. A total of 193 test conditions were examined through laboratory experiments conducted in a precision tilting
flume, together with engineering applications. The prototype cavity lengths predicted by six alternative take-off angle
estimation methods were compared with measured prototype data. Both the model experiments and engineering validations

confirm that the proposed correction method for the take-off angle of jet from aeration facilities is reasonable and reliable.

Key words: take-off angle; jet; turbulent diffusion effect; diffusion angle; cavity length; aeration facility
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Study on mechanism of sulfate erosion resistance of concrete modified by synergistic action of fiber and expansive
agent//Tian Zhenghong'”, Yan Wei’, Hu Guibao’, Qian Changgen®( 1. Suzhou Institute for Advanced Research of Hohai
University; 2. College of Water Conservancy and Hydropower Engineering, Hohat University; 3. Nanjing Jiangbei New Area
Construction and Traffic Engineering Quality and Safety Supervision Station )

Abstract: To address the deterioration of concrete exposed to high-sulfate environments, sulfate wet-dry cycling tests were
conducted to systematically investigate the effects of different combined incorporation methods of polyester fiber, basalt
fiber, and U-type expansive agent on the sulfate erosion resistance of concrete. By analyzing the deterioration patterns of
specimen appearance damage, mass loss, and pore structure evolution, the sulfate erosion resistance of concrete was
evaluated, and the synergistic mechanism by which fibers and expansive agent inhibit concrete deterioration was revealed.
The results show that the concrete incorporating 0. 15% basalt fiber by volume and 4% U-type expansive agent by mass of
cementitious materials exhibited the best sulfate erosion resistance. After 50 cycles, the specimens remained intact in
appearance, with no paste spalling observed. The mass loss rate was 6. 12% , compared with 9. 52% for the control group.
The proportion of harmless pores decreased by 5. 55 percentage points relative to that before the test, while that of the
control group decreased by 10. 00 percentage points. The synergistic effect of the expansive agent and fibers optimized the
pore structure of concrete, thereby improving its impermeability and resistance to sulfate erosion.

Key words: sulfate erosion; wet and dry cycles; test analysis; deterioration characteristics; microscopic analysis;
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Effect of fine particle content on erosion of gap-graded soils//Li Dongfeng'?, Xu Zengguang', Gao Hui’, Wang
Dangwei’, Ding Ziyue®, Cao Cheng' (1. School of Water Resources and Hydro-electric Engineering, Xi’ an University of
Technology; 2. Sinohydro Engineering Bureau 3 Co. , Lid. ; 3. POWERCHINA Northwest Engineering Corporation Limited )
Abstract: To address the problems of sand boiling and structural deformation failure induced by internal erosion in gap-
graded soils under seepage action, erosion tests under different hydraulic gradients were conducted on gap-graded soil
specimens with fine particle contents of 20% , 30% , and 40% using an internal seepage erosion apparatus. Based on the
discrete element method, the evolution processes of particle loss, contact force chains, and porosity were analyzed, and the
mesoscopic erosion characteristics of gap-graded soils were explored. The results show that specimens with higher fine
particle contents exhibit higher erosion rates and more intense erosion processes. Under low hydraulic gradients, seepage-
induced compaction occurs, resulting in a decrease in porosity, and the variation of porosity exhibits spatial heterogeneity.
The fine particle content affects the contact modes among particles within the soil and serves as a triggering factor for

particle loss. The combined effects of contact force chain transformation and particle loss lead to erosion-induced failure of

the soil.

Key words: gap-graded soil ; seepage erosion; fine particle content; discrete element simulation
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BE. A THRAILREFRIURARaF EATRE R E T Rt LT Hm, A Tl k K2k,
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Multi-scale prediction of elastic modulus of wet concrete considering pore water saturation//Du Xiangqin', Liu
Zhilong' , Chen Rongfei', Zhao Zhenhua', Li Zongli’ ( 1. School of Materials and Architectural Engineering, Guizhou
Normal University; 2. College of Water Resources and Architectural Engineering, Northwest A & F University)

Abstract: To investigate the effects of porosity and pore water saturation on the elastic modulus of concrete at different
scales, a multi-scale prediction model for the elastic modulus of wet concrete considering porosity and pore water saturation
was established based on the micromechanical inclusion theory. The influence of porosity and pore water saturation on the
elastic modulus at multiple scales was analyzed. The results show that the predicted results from the proposed model are in
good agreement with multiple sets of experimental results, and the model can accurately predict the elastic modulus of
concrete across various scales. The elastic modulus of concrete at the cement paste, mortar, and concrete scales decreases
with increasing porosity, and the influence of porosity on the elastic modulus of materials is more pronounced in the dry
state than in the saturated state. The elastic modulus of concrete at the cement paste, mortar, and concrete scales increases
with increasing pore water saturation, and the higher the porosity, the more significant the increase in elastic modulus with
increasing saturation.

Key words: concrete; elastic modulus; pore water; saturation degree; multiple scales
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Study on movement characteristics of cavitation bubbles near a single spherical particle based on Kelvin impulse//
Zheng Xiaoxiao' , Zhang Guangchao®, Yang Ling', Zheng Bin'( 1. Department of Fire Protection Engineering, China Fire
and Rescue Institute; 2. State Nuclear Uranium Resource Development Co. , Lid. )

Abstract: To investigate the microscopic mechanism of erosion damage in hydraulic machinery, a qualitative study on the
movement characteristics of cavitation bubbles near a single spherical particle was conducted using high-speed photography
experiments, based on Weiss’ s theorem and Kelvin impulse theory. The Kelvin impulse of cavitation bubbles was
quantitatively analyzed with respect to important parameters such as the particle radius and cavitation bubble radius. The
results indicate that the theoretical model of Kelvin impulse of cavitation bubbles can effectively predict the movement
characteristics of cavitation bubbles under the influence of a single particle. The absolute value of the Kelvin impulse
decreases with increasing dimensionless distance between the particle and the cavitation bubble. Compared with linear
sinks, virtual point sources contribute more significantly to the Kelvin impulse of cavitation bubbles.

Key words: hydraulic machinery; spherical particle; cavitation bubble; cavitation erosion; Kelvin impulse; high-speed

photography
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Remote sensing inversion analysis of spatiotemporal variations in total nitrogen and total phosphorus in Poyang
Lake//Li Xiao'*?, Wu Jianbang', Xue Chenyang’®, Xiong Lili’, Liu Fagen®, Zhang Qi>*°( 1. School of Geographical
Science, Nanjing University of Information Science and Technology; 2. Nanjing College, University of Chinese Academy of
Sciences; 3. Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences; 4. Jiangxi Ganfu Weilv
Renovation Co. , Lid. ; 5. The National Key Laboratory of Water Disaster Prevention, Hohai University; 6. Yangize Institute
for Conservation and Development; 7. Jiangxi Hydrological Monitoring Center; 8. Hydrology and Water Resources
Monitoring Center of Poyang Lake)

Abstract: Based on Landsat remote sensing imagery and in-situ measurements, machine learning methods were used to
construct inversion models for total nitrogen (TN) and total phosphorus (TP) mass concentrations across the entire Poyang
Lake. Combined with water quality data from the five rivers (the Ganjiang, Fuhe, Xinjiang, Raohe and Xiushui rivers)
flowing into the lake, the spatiotemporal distribution characteristics of TN and TP mass concentrations in Poyang Lake from
August 2021 to January 2023 were systematically analyzed. The results show that the TN mass concentration inversion
model constructed using a back propagation ( BP) neural network achieves a good fit (R*=0.91), and the TP mass
concentration inversion model based on the GA-optimized BP neural network (GA-BP) performs well (R>=0.82). The TN
and TP mass concentrations in Poyang Lake exhibit strong seasonal variation, and the water quality in the wet season is
generally better than that in the dry season. The spatial distribution of TN and TP mass concentrations in the lake area
during the wet season shows strong heterogeneity. Areas with high TN and TP mass concentrations in Poyang Lake are
mainly concentrated in the central and northeastern parts of the lake area and the entrances of the five rivers flowing into the
lake. The extreme drought exacerbated water quality deterioration in Poyang Lake, leading to an increase in the TN and TP
mass concentrations across the entire lake.

Key words: Landsat; remote sensing inversion; total nitrogen; total phosphorus; Poyang Lake
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WE AFRZAAES T AR TAZEN A 2R FF 5 K5 H ALE G, @30 TR FHIE
FAGIRBEHTARIZIEA0.7.1.3.1.8m fo EF 8 MILIRE 4 AL (5924 D, ,.D, 5., 4.
D,,) ,  AFFHTEERAEFTHAGLESKE ERHAAE BRELE KRG rTERIBH,
FERRKEFRAFRATON, EREAV BREM TR TACZES LIE-FHEKE B R E
ok A A ER L EH 0,5 D,, A, D, ,.D, oD (AEFTEELRLSAFTHEEFHAK
RERLEWMT 6.9%~28. 6% ,EMF A E 5 R EAKT 23.2% 11.4%F= 2. 8% , 4 & .t @ R 35 F fe
FHRBREESHNEIRT 1.7%~5.2%.5.8%~13.7%H= 9. 4% ~19. 5% ; 55 F Ao 3o F K ILEAG L |
D, AR TRIEZE B ERFEFRK, KA AKERS,

KR T RIIR  dA R £, 5 2K &2, KA AR

Effects of groundwater depth on yield and water use efficiency of summer maize under rainfed conditions//Zhao
Zihan'*? | Zhang Xiaotao™”, Jiang Jing' (1. College of Hydro Science and Engineering, Taiyuan University of Technology;
2. State Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, China Institute of Water Resources and
Hydropower Research; 3. National Center for Efficient Irrigation Engineering and Technology Research-Beijing)

Abstract: In order to investigate the effects of different groundwater depths on the yield and water use efficiency of summer
maize under rainfed conditions, four treatments with groundwater depths of 0.7, 1.3, 1.8 m and the normal field depth
(recorded as Dy, D,,, D,, and D, ,, respectively) were set up using the groundwater automatic control system. The
soil moisture content, rainfall utilization rate, phreatic evaporation, plant height, leaf area index, yield and water
consumption during the growth period of summer maize under rainfed conditions were analyzed. The results show that the
groundwater depth has significant effects on the average soil water content, rainfall utilization rate, and water use efficiency
under rainfed conditions. Compared with D, ,, the average soil moisture content during the whole growth period of summer
maize under D ;, D, 5, and D, { treatments increased significantly by 6. 9% ~28. 6% , the rainfall utilization rate decreased
by 23. 2%, 11. 4%, and 2. 8%, respectively, and the plant height, leaf area index, and dry matter accumulation
decreased by 1. 7% ~5.2%, 5. 8% ~13. 7%, and 9. 4% ~19. 5% , respectively. Compared with other groundwater depths,
the D, ¢ treatment can ensure the highest yield and water use efficiency of summer maize in this area.

Key words: groundwater depth; rainfall utilization rate; summer maize; yield; water use efficiency
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WE. AR BRNA AR RE A Ak X 5 K AR L, M T @4 KRR KT R
T NKE S THEM 4 AER B 16 AT RISARGIFNIGATK R, 2D T 5384700 e
FUE A IR LA TR A kI B RS kAo AR R 3 B 0 35 AR E AT AL AR E S
TOPSIS ik & & AR B AT S A M WL E S M H K §F KT RE 20, SREAV. %5 K
2017—2023 FR G R LZ L EBANABREE” , 57 R KRR Hohh R AT R Z A
FEEEAMEKKRFEERE FREKIEEEFERT ARG LISHK,

KA M 536 TOPSIS 5 5° K 5 KR 5 22 43 A

Comprehensive evaluation of water resources security in mining areas based on game theory combination weighting
and TOPSIS method//Xue Xiaogiang', Zhou Yaqing', Xu Lejie’, Zhang Shaokun’, Wang Penghao’ ( 1. Shaanxi
Xiaobaodang Mining Co. , Ltd. ; 2. Shaanxi Feihai Engineering Management Co. , Lid. ; 3. School of Civil Engineering
and Architecture, Xi’ an University of Technology)

Abstract: To quantitatively evaluate water resources security in mining areas, this study takes the X mining area in
northern Shaanxi as the research object and constructs an evaluation index system comprising four dimensions ( water quality
status, water resources quantity, water use efficiency, and ecological sustainability) with a total of 16 secondary indicators,
and classifies the risk levels of the indicators. The game theory combination weighting approach is employed to optimize the
integration of indicator weights derived from the analytic hierarchy process and the entropy weight method. The combined
weights are then incorporated into the TOPSIS method to analyze the multi-year water resources security of the mining area
based on the closeness of each indicator to the ideal solution. The results indicate that the comprehensive water resources
security level of the mining area from 2017 to 2023 is relatively safe, which is consistent with the actual conditions of the
mining area. The primary factors affecting water resources security in the mining area are the surface water quality
compliance rate, the wastewater discharge compliance rate of the mining area, and the groundwater pollution index.

Key words: game theory; TOPSIS method; mining area; water resources; comprehensive evaluation
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0.6) A4 (NY,0.2~0.4) FIBEAZEA (VY <
0.2) 458k 1,

2 WIRAE

2.1 EEGE

FEXTIRSE 5 ik B R BRI AR SR T — Al
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x1

TN ERR R R XI5 B 2017 FEREAREIE

AN [ MU S AR PR B

B % % % v V& 2017 AFREAE PR (E
A, <1.0 >1.0~2.0 >2.0~3.0 >3.0~4.0 >4.0 1.62
A, =95% 85% ~ <95% 70% ~ <85% 50% ~ <70% <50% 87%
Ay =95% 85% ~ <95% 70% ~ <85% 50% ~ <70% <50% 83%
A, <1.0 >1.0~2.0 >2.0~3.0 >3.0~4.0 >4.0 2.3
B, <30% >30% ~50% >50% ~70% >70% ~90% >90% 51%
B, <0.5 >0.5~1.0 >1.0~2.0 >2.0~3.0 >3.0 1.13
B, =70% 50% ~ <70% 30% ~ <50% 10% ~ <30% <10% 72%
B, =1700 1000~ <1700 500~ <1000 200~ <500 <200 1233. 67
C, =95% 85% ~ <95% 70% ~ <85% 50% ~ <70% <50% 86%
C, =80% 60% ~ <80% 40% ~ <60% 20% ~ <40% <20% 93%
C, =0.6 0.5~<0.6 0.4~<0.5 0.3~<0.4 <0.3 0.53
c, =30% 20% ~ <30% 10% ~ <20% 5% ~<10% <5% 67%
D, =70% 50% ~ <70% 30% ~ <50% 10% ~ <30% <10% 49%
D, <1.0 >1.0~2.0 >2.0~3.0 >3.0~4.0 >4.0 3.72
D, <500 >500~1000 >1000~2000 >2000~ 5000 >5000 863
D, =95% 85% ~ <95% 70% ~ <85% 50% ~ <70% <50% 83%

LA HIE T XK R AL K IR AR KRR
BTS2 REE R R, T EUNER 5K
S B A o Bl A BRI, HA Rl R
W XK IR ZE LR AP E M AR N & 2 B
2.2 EF AHP EMEMWNERHE

AHP W& —Fp FH FACE Yk 1) 40 7 7 i, B4
M PER RBA 22 IR, R R 450
X2 R S R T () 45 T8 B fE AT PR 9 LA, AT A
PREEMREARE (A0 1~9 BREES ) MR I A I
AR EE T 8 AL L 5, A 4E 3 AL Gk A
BT BE M R 2 TR 3 Ak F BT DX PR 45 BT
87 BTN LA S 2 A7 1 17K 9 54 BF 5 4348 1) 2L
., RATERAEL AT I 44 500, R E R &
R ) , AR WK B e S M e RIS LR, il
HS BRI 1E 20, 4200 2 Wk s, 7Eut
S Y SR SR e S aP IR IR < D4
a2 s J2 X6 1 DU J2 DA R o U] 2 e s 2 B4 4
P4 B SPSSPRO V- 51T B A48 ALE . Bl 5, XT

SRR B A T — SO A 3, BT A B Y — Bk LR
PINF 0.1, G A Bl o A B
2.3 ETHBGENEMNERE

TR S — i 3 15 S A & 09 & LA T
el R ECR M B RS PR, HAZ O R B
R FEAR AR (AR /)N | 2R B A B 114 2 HORE B
K, E i SR 2  FELR A 1T BT R 5~ 1Y
FCE MRS fE B MATLAB %K {318 1 4% 45 4%
BAALHE
2.4 ETFHEFLHNRMAEAESEN

RIS A A WA 0 1 A8 S A =22 ] i 12 56
RGAFEE KEUMAE S, TR EAEREE R
JrEtT L HA L B R SR R Lt A
B RE A G A [0 & 5 A5 SR AR 0] & 1Y 25
ZEM /M T IR Bl — I RS
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B IRAR N
w = Z aw, (1)
=1
K .w NHAERE & o, HEMEH A REL
b. MEIHEFIEHFA B FIREMLEHE
FZE o)  HRHHENERE w SEARTE 0 ow,
18 22 e Mk, B 2 .

L

min | 2 aw! - w! | (2)
c. MRPRHEFER T, SRR T P4 .

8""1“’? Wlwz wlwIH 80‘18 8’W1WTH

a T T T( A ' a T
ngwl WyoW, wzwLE gc‘fzg _ ng.wzg (3)
e ue:q e : u
ngWT Wsz WLWZH gaLH ngWZH

d. K bR AR A R o, HETIH—1k
AbEE PSR ZR AL A R o)

e. AU AR ER TR w .

W= Yow] (4)

2.5 TOPSIS ENMERI SitESE

TOPSIS 7 14 38 A J B2 30 35 1 F 53 45 PF ¢ X 42
55 1 FHEAELfige A 0 BHEARL AR A S LA S A A it AT
P 5 e 45 i e aze o TR U] WA S DT R X R 45 1 A
L HIEATT AR N .

a. B WITRTENAERE

b. R BRARIFE AR A A5 (A ELA A]
et X AT HE A TR A A 3RS 15 B AR
RS R

c. WRAEAFEAR I BCE , T AU — 1L PR
R

d. TPEEVEN PRI IE  SOBRAR R, FE A SO
FEH S PN PR AR A IE BAR AR ( ¢ ) AR HIE AP
FRETREIA B A e i 28 AR A BT AT 2% 25 0 48 AR EL
KAH, A AR bR i R ME . TURAR R (C)
MR Tt g % aRAS . DUHKSCR 4 B Ry ], HooE
AR 2017—2023 4F ] A 16 FHAK LA AR | T
b FHK R Al W K R 2R BRI AR # L
KGIEFI A 4 AN FEAR S BI04 BE S (644 1,
Je SR A4 BE W R, B PR i 4R B BUIR S5
X—HFS RS T AR

e. SRFHBRECHE B 158 45 PE % 42 5 1 BRAR
Je A FRAR A O RE RS

f. PRI R S IE B GT RE, TE
— PR T W B A B AR 1, DU B T X
GO PRAR A

3 ERESW

3.1 WEHEER

FEFH 2 W IR 4 A A A 1 e AR,
Xt X WX 2017—2023 4F 17K % U 22 4 b 4T SEAIE
VN 550H7 .

A L=2, TR (1) ~ (4), I MATLAB 3k
FRRMETTFEA ,3KA5 o, =0. 5045, , =0. 495 5, #L FE it
BAEERING 2 s, FHEE 2 T ENJE AL K F)
IR N K BCIRIE (0. 329) KR IEKCE (0. 254)
TR (0. 217) FA A AT REZEME (0. 200) , X FE WK
JECRIC K G DR ER e 2 5 M ™ X K R e 4 1 A
A ORHEYE B, AR bR, ML 3R K K T K AR R
(0.093) A" XJEKHEHGR PR (0. 088) HiL R /KI5 4
§42(0.087) FALE (7 41 i =, P A X SEFE bR 7E T X
IKBENR L A5 T R A AR

2 NEHEER

EGLY FEMAL FWALE HERE
A, 0.116 0. 057 0. 087
A, 0.097 0. 089 0.093
Ay 0.079 0.097 0.088
Ay 0. 081 0. 042 0.061
B, 0.088 0.078 0.083
B, 0. 064 0.073 0. 069
B, 0.055 0.047 0. 051
B, 0.057 0.045 0. 051
C, 0.074 0. 034 0. 054
c, 0. 049 0.103 0.076
Cs 0.024 0.041 0.033
c, 0.045 0.063 0. 054
D, 0. 040 0. 066 0.053
D, 0. 051 0. 067 0. 059
Dy 0.030 0. 050 0. 040
D, 0. 049 0.047 0. 048

3.2 EREWEETESERSH

PUHZK 8% R ], AR R T H 3 32 BT 45 2]
TZYEE AT R bR Y OE | B BR AR, R A 2
2017—2023 4F X " XK B I K ROR b % 9048
bR IE AR AR EEES S; A1 S, R

S*=0.0259 S; =0.0927 SI=0.0722
S; =0.0616 S:=0.0409 S; =0.0860
S =0.0828 S; =0.0760 S: =0.0745
S; =0.0530 S!=0.0945 S, =0.0583

S:=0.0726 S; =0.0488 (5)
A 204 ARG IR FE E, 2R
E, =0.781 E,=0.460 E,=0.678 E,=0.478
E,=0.416 E,=0.382 E,=0.402 (6)
AR, AT XK BOIR G K B4k D) Je A=
AR NG RE #5120 0 B TR 4 SR
W3,
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x3 HENEMEETESER

" W30
N2
2017 4F 2018 4F 2019 4F 2020 4E 2021 4E 2022 4E 2023 4E
IR BRI 0.659 0. 685 0.729 0.673 0.532 0.515 0.508
IK BRI 0. 690 0. 684 0.724 0. 690 0. 630 0.576 0.528
JHK B 0.781 0. 460 0.678 0.478 0.416 0.382 0. 402
AT RS 0.725 0.579 0. 649 0. 568 0. 683 0. 691 0. 666

H 2R 3 A DOKBRRBEE R 2019 42018 4F
F1 2020 443 5 AW T FE 0. 729 .0. 685 A1 0. 673
LA, HEIETH G BRI SRR E . 2019 4Ry
WS 25 T XY I Y A s 1 it 1) o, (EL ik s 0 3
FEFREE T 2 2023 4E14 0. 508, Sz e 1 74 B R Y
T, HA O R R AE T X5 Yo Ui 2%, 1A Bt 1Y
KA, DI A R TA B St R 15 £k A B
AE 10N LA Sz e AR X LU K30 B TS
Pt fif , FBOK BT 4K TCEILE . K B EL
R R, A& AR A I Ol B 25 R /N, 2019 4R
2017 H01 2020 44351 L) 0. 724 0. 690 Fi1 0. 690 HE
BT A, ST, 2019 4F 1 8 WG T B R T i
JEAE PR SR UEAT ) w5 B R /KT oRe I3 it £
FER AN ORI 125 i (E R 1 3 R 7K SRR
17, A S BUS 2L 2021—2023 4F 7K % A] ) 34
I L RE T U8, W 3 B2 B R T & 2023 AR Y
0. 528, HARJEAE /K BT I 45 B = o i s ol o] 45
SERRRI] , A BE VA i A AR 7 T SR 5 A R R AT Rk
P, SRIPIAZEEE AR L, FKRCR I & 2T Bdh
PR | g R B B 2 T ik SR BRI B A
#2017 AENGITRE K 0. 781,15 2018 4F 20 R 1
£ 0.460, It J5 B 2020—2023 4F F5 42 4b T K A7
(0.382~0.478) , XFIAT X B FHKBCRIEZD] R
Gerkhii s A T RIMRAUR BT FARIRAE T4
B R, K BOR 548 I i R s R 26 79, H
Sz KA KPS RIPE LY A, 3 80808 R 51 e M
DA, WAESATHRREERE, HZ 2K P20
B ET WA RE AR, 2017 AR OT B R A
0.725,2: 11 2018 4F 1Y Bl ¥% J5 , T 2019 4F L 5 &
0. 649 ,1H 2020 4F FR R 4K 2 J5 ] P J AR AL 0. 568,
AR X SRR, 2018 AF ()R 1 0] IH R AT X 4R 5
I A B TR 1S WA R 3l , 2019 4711 i
FEVE R 5 TR RO H 2020 4EFRR A
B R A B IR 2 R T AR R S
eSS R IE R HOR 5 Z Bk G 3 A
FUENINAR T, BB IR E . ILE
T REGEE I, FR K A8 2 A BN I 4R
B, AESRGEAIT T RE 58, A T —A 4
XPRGE PKAZ AE SR, HAUE A A K 2017 4F
FEE, BEBA VA BB L AT R s H

3.3 HENERTENER

FH A8 AR 2 00 %) I 30 5 238 SR nT A 0 0 B VPN
Mk E B 51250 41 A PO B 2 1Y 41 A A EE A
Te, AT 15 HEN 222 AR a5 R & Q = (0. 702,
0. 608,0. 701,0. 616,0. 554,0. 526,0. 525)

ANFAE BT IX KBTI % 245 A i 25 B oK HER
SefE M 2017 4F 2019 4F 2020 4F 2018 4F 2021 4F |
2022 4FF1 2023 4 HAERZE G150 0. 618, AR
ERRN T B, 2 XK BT IR & A RO AR b T
AT, AR 255 HT,2017—2023 AE 1 ES
ZAH 43514 0. 097 0. 003.0. 096 .0. 011 ,-0. 051,
-0.079 .-0. 080, AJ I 2017 4EF1 2019 4E Y42 427K
S S O [ e R UK N
2020 4EH1 2018 4E Mg & 11 2K, 4b TR % 42
AR5 M 2021—2023 4FE W HRFZLAK TF- 217K, B Aw
BRI K, s I B OK 0 R 2 AR i 5
FREe Mgt s IR E R I ARWHE K

LER KA, VI 25 5 IS [R] AR AL A 2R e 45 4 P
AR XK G U6 48 448 PR R 19385 D fig
R R RE SIWs A A YRR 42 K22 55 A K
ZRBAFAr I ) R S R e Y A A O A
Jof X A2 2 AU ), A R A [R)IA BRIA T A RO & M
DI WLRE ARRE W2 R R RE T, M) 28 4k |
F LA B s KRR B R
XRUVE AT 2 R a5 B, k= BT
SOXURS: P T ETIE PRI 22 27K R BEBETG B4
AFFEEHE &, RO AT s 5 1220 i, B B
T T RF L EAN TR, HSUR 25 5 W IR 2 I R 48
PERJI TR . RSG5 &/ & U & 2 KF
) A JEANA] L AN 7 i 1A B R G 45
BT BRI, KB K RSCR A A AR AT
Z [H) = AR BUR U Rl A3 IR 4L G S 80R 2L
TR LAFEAS [R]85 () & T

FEHARAS i 0 48 R R BB K BE IR 2 4
VER— B A YRR R Gk X1, 1A 3L R AT)
Jry BT il e B[R] LA B R E 18, 2R T ARl F &
B 22 [a) ) AH B 5% e R0 RS . 3X FRAIL L Y ke
B, (75 2R e i DL g xr S HAE PN A A9 3 1 fig
AT NEGEE LRI B sh FTR %,
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a. JETFHZRIRALA AR TOPSIS Xt X
WX 2017—2023 4FE /K B8 & PR 25 G 1T 45 1
T 20 KR P R w4 B 4K
S T2 ) N 2 7 S S ) B N
2021—2023 AERFELAIL T 7 ¥k 7 Ho e 25 W B2 24 4F
P K, I KGRI A TG Rk

b. FZMAHT X K G P54 4P ) B HE BRI R
B KK B IRFR R A X R K HERIGA AR SR A T 7K
TG YR B K BCIR I S OK IR B S YR, 4
Ye g2 4K RIBASEE  FUKRCRAE 2018 4R BR [
JE R MR A B R R B B, I
G RGATAE A H O [ IR B it ik = 25 4
JE PR S AL

c. I AT BE T AT B A R A% A B K U
BATRIE RO e KU, BEAS A O R [ 4740y 45 2
JERE S S SR, B XK BEIR ARG IR 7 | shas T
SRR PR UL AR AR . AT S & K
5 5EMERE R BCEE A P A R 501X
SEBRAAT , AT N RIS X K B TR 2 4 A B X Ja AT
FREL R AU T I S SR S
4.2 B

a. XSS PR TR EAE S . AR KT I,
TN TG K AL BRI 32 1T 4R B 5 ARE W,
WA A, AR K HE K AR ik bR . X
B JE A A s YIRS T B B N BB
U 5 TEZK GEVREICRE 7 T8, AR 4 i R KR fR
AEIE AT RS 25, ¥ K 0 BOKAE A =
TR, I i AL R A 1 920 %o Hl R 7K AR
i, G5 R GEHURRS RE ) 5 78 KSR T T, X PRI |
RHIAE B KR 1 EAT 1 K ks | B KRR 40
NG, TE R KGR B VR R RS
ARSI,V SRR T HE 3 TR XA
XIS I AT AR IO SR [ I i T DX ™ A v 5
IKPRE I , BEARR K 1 3 e i

b. AR JKF] GRS X HLES ] B A
S50 , R R AR W PR T R T —R
BEKS T, L0EBILE 55 A /A RS
PEVAFAE

c. BKGHIRL LR OFRIR AT, S T AT
BHCHIEE . S F A AR, BOCH IX K BE I = 54
FIH 5 A BE 5 REEAR Y BB

SR
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impact of environmental regulations on water resources
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(in Chinese) )
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Multi-source information fusion evaluation method of soil compaction quality based on D-S evidence theory//Yang
Gang', Liu Guoqing”, Li Hongfei®, Ding Xueshang”, Chang Ruifeng®, Liu Donghai'( 1. State Key Laboraiory of Hydraulic
Engineering Intelligent Construction and Operation, Tianjin University; 2. Tianjin Water Investment Group Co. , Lid. ;
3. Tianjin Water Conservancy Engineering Group Co. , Lid. )

Abstract: To accurately evaluate the compaction quality of embankment soil materials, a comprehensive assessment method
based on multi-source information fusion of roller acceleration data in both the time and frequency domains is proposed.
Quantitative relationship models between compaction degree and different indicators, including compaction energy per unit
volume, frequency-domain indicator CV, and time-frequency-domain indicator CWT-THD, were established. Utilizing the
Dempster-Shafer (D-S) evidence theory as the information fusion framework, the basic probability assignment values of the
three indicators and conflicting evidence were optimized through integration with construction practice and Murphy’ s rule.
The case validation results demonstrate that the proposed method can improve the accuracy of compaction quality
evaluation, avoid the limitations of single-indicator assessments, and enable the analysis of spatial uniformity of compaction
quality, thereby achieving rapid and accurate evaluation of soil compaction quality.

Key words: earth-rock dam construction; compaction quality; multi-source information fusion, intelligent compaction; D-

S evidence theory; comprehensive evaluation

T R H IR T bt T3 A 0 R S A R

i FRIIL T 5 O 5 AN B A UL Y Sk, B R A ok}
RS T ARG R FHN T AR TS, 77 7 R T 3R AR
HURE 20T 2% 7 REAS /> MELL Sz e T LA K% It
u%ﬂﬂ?%Fﬁ%Iﬁﬂ%T& o] 57 A
TR B DB DA AR A | e B R R o S )
F*ﬁimﬁmﬂﬁmﬁﬁﬁﬁﬁ%%%ﬁ@m%
LA R, B RE R R R D B & S, T

it T A e P A R R S B Y ik E AR B R
I, 2 A 53 T B 40 PR 0 i AR 4 T 1 45
SRR SIS (CV) Y RS FERIE (cev) Pl

E£WA . FHKARPEI 4 FIHE (52279136)

Mm&%ﬁﬁﬁﬂmwﬂﬁu&%%%EMiﬂ
) S 2SR S A R SE R AR A W | B AR R
E%%*#owmiméﬂg?CVﬁﬁm%%
SELAEE RS, ST A T A b TR S R R A
TEAL s Xu ORI T S N A AR AR LR 4
JEH S R bR e 4 AR S I SR 42 T4 T8I A9 165 3000 48 A
CCV, SEBL T B 17 A R S o o DA ; Yang 250 42
ﬂi’rﬂf@ﬁjﬁﬁélf;kﬁ( KECV) 1E b2\ 6 1 52 o & 1) 52
kWIS A, ST 4 R S o A R 1) PR
fifi o LIRFEPRTE— & TR AR RE R AE R 5L i, (H
FOAEAERS F R B 1 , A S50 354 A 3l 2 B A [ 2%

BN W (1996—) , B H-EasE A, EEMNF R TR TH5, E-mail:y329544849@ 163. com
BEEER XNRE(1974—) B 202 10, ERENGRB TR B 500k B it 75 B SERHFAE BT . E-mail:liudh@ tju. edu. cn

- 72 - KA Kb A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



SRS FE (14 IR 2h o J57AS [ A TR]42 Pk A A T
SR HA 5 52 ) ORI T2 WA A SR RS )2 1 5
BYSIVERIRE 0 5 M 5 b RE A5 FLHRAE B i A2
PR S B B A (TG VR R B R S A v
PR BRES (4 Sl A B 5 B 7 A FR R S Ty T 5 0L R I
BRI AL LR R S T AN R 32 D i e 1%
R ARG SR R R R SERCR RIS, b,
FEFATR AT AT B IUAT H6 b T e Skl 2 43
SR A HEAT 32 AR S0 7 A B AR R ] LB 4
THI 3 3 7% R S ) ELRE S B T H R AT AR
=

Dempster-Shafer ( D-S) 1iF 4 #1122 — kb 38 £
PN E VAR B A B AE S w] T i DR AN 1 2
B ZIRE B RS R, 22 T AT RE
IR | PR 5R 23 Hr 28 AT, 30T A A i B T B
I ST TR AR T RO B 4
SR E (R S HEWT LIS, D-S TEE IS RE A AL L £
PRUESE B vh e, SR A 22 HAAIE S ) 2L ] S5 A
NS ST 04 2 A 1 PP AL 45

N REAREAANPPAG 8 B 7 A 52 oA DA Hh )
FrmdE, A SO OV AR R S22 & CWT-THD
YR Z WA B, S 2 5 B RS T i kR
LREZGA IR, 255 D-S IR ML AT (E B
R, DAY S B R S B O MER I RE

1 ETEREBENIRELRERIERR
ST

B RETR TR AR W] SN R AR A B AT S (iR
SRR AR N REAE ) KB R 2 A (AN B
WA SRR IRSPIRAE AT HEBURE RS ) R %3
P2 it o S92 I B 00 2 (P T M S 4 A, A
CV AR BURSEINAE ) | Sl W I A4l 45 Rt A9
PSSR (IS ALBRAR T8 ) | IS N 3
BRI 280, S AL 45 A I A s S 1, (i e Jot
HARLAL TR S THE Y R SE AR ARl
) S, SRR A S A7 B AR AR A R DL S SR
WD 285 B AT AL G ik R T,
TR S S T IPAG

BB S Tl AT 25 0 B e AL i He
SR I LR Z A B TR SR, — R ]
FAE TR R SRR, (HiZFR bR A BRI IR A A £
B F SRS AN [R] LB R AR [R] IR 52 ) K AT fig BAY
A SRR, HA AR+
:2A(W+1TF/4)ﬂV 0

Bhv
K E RTRIE N 5 B BUE SE T A s

E

TAEIRIR ; W R BRAE AR 1) 7 2 s 7 2R S B Hh iR
F13f FIRSNII R N AR i 50 B N PR S SE 1 b
RSB o AR EAIAT 4

4 CV AR ok He 52 5 a8 0 358 0 00 4 A, 7T
Tt B AN [R]85 SR A X B A 114 i ) Wi 97 A [+] o B) 2
PEAG AR RS i (HPEAG 45 R 5 32 + R JZ 1%
MR SR SEHI S MR R, CV BERS IR BN +
BRI TRES IR B A e N7, AT SRR B AR R SE TR AS
Ivi] ki SIS S0 B T AN A2 Ay 1 A, AR 8
LU

Iy = 3004,/4, (2)

Al 9 CV H8R(E ; A, D9 BRFEHR Sl 32 Y ik
BV X N R 5 A, A AR B AR TR T 1 WL

PSRN AR 0 (CWT) 18 A K % S0 s )
AR5 5 AN R RUBE 9 /I8 2 BRI (/N 56 ) 147 5 7
FRE /N 2B, U AR B RS AR AR, /SR
(R 455 AR B 235 5 1 A SR 2 T 45 4R 0 sk i )
BTG E THRIZER L, CWT a] %4
RS () 2 B2 i sl on s 8 g 17 15 55 647 40 A, 5
A W I B A b, BT A T AT 20 B0 SR AE
ANTR]FE SRS T I s o 5 e o7 {5 1) A8 4k

BN AR SED A AL T B AL kit fin i)
RERCH A, ASBE S WA [7] -t 6 AH [R] BE =i AT Y
S R SR A B SRR 25 57 OV CER AR S
RS RS UG 2 (B 0 56 R (B IEIE I
1 S BT 5 = BT B 4, G R i B 2 43 dE %)
JESE T A BTk T I B AR AR A s St AR
TR S5 S5  sh &AL, Rl R sh 5 5 H B
WG By i, ] E— 25 A0 Ak A b PN S A i O AR
TR AR OB TR A MR A 6 A 48 A% CWT-THD
YR I ATUAE B, S ] Morse /NI BRI B b /)N i 3
AT, HatE AR T,

16
50 /S
i=1

Iy = 3
CWT-THD F +F, +F +F, (3)

Ly B CWT-THD FEFRAE ; M, J B 56 95 )
I BE AR5 R AR 0 %) MR /)N e 2R 0O, ok o e
IR AP F ~ Fy 5350 1 ~ 4 A% AR i i ]
P/ INE I (B, R R A5 5 7E 1T 4 Bk -
(1) FEERE R
2 ETFTDSIEREBERCNEZEEEMERE
2.1 EXHREIERBEHNHE

W2 EE B R G HRESC B R PR Y D-S IS
BUNRESL R 0=10Q,,0,| , AR ELTE G S
ANEHE TR E S B IR o= {4,,j=1,2,

KA Kb A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn - 73 -



<51 R A AR R SC T CV . CWT-THD
TS BRI F KA A RE m.2°—[0,
1396 A0 4

m(D) =0

{2 m(AQ,)) =1

0,Co
A DRy m (A,(0,)) HEH A, X PUHIHEZR
4R Q, MBI,

PRom N PIHESE 6 (9 B AME AR 7 BE R K, 3T
LR A AN BC (BPA) . YN ZA4MF B IR
FIUESE AR A MIEHE R BT BPA Ji5, 75 BRI LEUEHE
e R —E MU AT RS L WL D-S WA R
T

(4)

T2 m(A00))/(1-K)
I =F

'Mm:{ VFCO,F# S (5)
o F=0

[P F RS IR R I T4 K b 58 R4, 9N
TR UE S Z AR w5, HAE R, BERIEE 4
Z IRV h B , o TR 3 BT R i B DR SR A R
A AEREBE
2.2 BRRSEEBIERE

BB TO0T LB [ S B 25 F R iTA 8
PREGEENTE , W PG FE AR BEA T ST o i, A BN R 1
FEFE PRI BB E] PR I8 PRI BRR | SOH e 592
BARRIRER S, 455 RS R R 20K H S 2
AR SRR ARl B (R, WP P8 AR B9 BPA A %
LM

1'0 S(Aj - Ajmin )/ (Ajthreshold - Ajmin)

-I- A € [A'min ’A jthreshol ]
m(A(0)= 1 AR

_I:O- 5+0 S(A, - A_,'mmhold >/ (Ajmax - Ajthrcshnld )

+ A] € (Ajlhreshold ’Ajmax J

(6)
m(A,(Q,)) =1-m(A(Q,)) (7)
XA HIPPA IR AR S PR 5 A, R A, 535K
PEASTEAR A4 fie I AB N SR /M 5 Ay oona N T2 T 11
m(A,(Q)) Flm(A;(Q,) ) 73 VAL R bR S5 52
JEEGAS FIAR BB BPA,
2.3 HhRBEEFHLALE
W B A R PEAL FE PR R N, g
ROAWHE R, T AR S AR A2 B 2R R
ZAEVRIER AR, R R [R5 bR 26 17 25 & PP Al 1
rahEL . AL, R EE 2R B R A A R T
T BN PP 7R 1 o S A TR AL A B
AR SR Murphy B 3547 22 P50 EA0 35
PR R BRI 55910, 2078 els 2Tl Fe b

{6 BPA FEATEEITHE LA A P65, 14 H] D-S
AW EAT 5 BB G o %77 1T DLAR B w5 B
¥, HUSCSGH BB, WPAS R BRAY-F- 33 BPA 152
EWoF

M, (Q)) = ;m(A,-(Ql))/S (8)

ma\,g(QZ>= ;m(Aj<Qz)>/5 (9)

Xfim,, (0) Flm,, (Q,) 7358 K52 A 4% 5 A
G F- 1 BPA
HE— 2 i K BT AT 5 B UE 98 1A% A4 HE 3R (R 474K
I AR UE SRR 7 SRR E R T —
W WSS B, PR AR bR AR A B
AR
m'(A,(Q,)) =am,(Q;) + (1 —a)m(A,(Q,))
(10)
m'(A;(Q,)) =am,(Q,) + (1 —a)m(A,(Q,))
(11)
Kfom' (A,(Q,)) Flm' (A,(Q,)) 733 i B I 3
Tl PR LR RS A S AN G A% 1Y BPA ;o S I3
B, L 0.5,
A SRS 1Y BPA J5 , 4k R (5)
15 -1 Rk A AR, BV RT3 B R A A A 45 9

3 EUEMEXRESESITFETR

R SEBRT ARR S S A AR, B e, R
FES i S W AR R 48 S SR SR A A SRR
Ak BB PR Sl N A5 5 DL KB R S 4, 1A 3]
RAENL B AL W) Z A4 5L iRV HE A SR A L BT
D-S JEE B EAS B ) 2 NP R bR AT (S
BRlG BRRA R EN B AL BLA S R RS ;
Jei L I FH 2 (B4 (R 7 3 WA AV A e 52 B 5 4 Ak
AB A TR, A5 2 4 AR s 52 B2 G A% BE R (H 43
i B, R AT R SE B A S M I 25 & 3
FESERE P bR vEELR | 75 S B T, XA A4 X 3k
HEAT R, PRAIE R SE i iA Ar . TR SE i 25
TEAS St A5 PR AR AT

a. AT B Ab S5 PEAG T8 R S R
TR, R ReOR AR | 7E 08 i B b S R4
BRACIR BN FE A7 22 R | B H ol 4 | R 52 JE i 4
Bl 255 (1) ~ (3) AR R A SR B AL
(— MR 1 s RAEEMIA, % 18 3 ~4 km/h W17 %
EE WA R S BB 2 1 m) YRR AR AR S
I .CV F1 CWT-THD,

b. JESCHR AL HR AR AR HEAL . X LA AR
JESZTN .CV A CWT-THD 8 F5A [R] 4 2 40 AU v

- 74 - KA Kb A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn



B, R AN VA — A 7 K AN () Ak 1 R I e
e AEUE,

c. FETHHE D-S IR IR AT Z A 1R R AR
BRELE . e, A(6) M= (7) AR R AR
AL EAL AR PR AR bR SRS RS A S A B AR Y
MEARAE AR, AUEN(8) ~ (11) BB AR A B
RS Ih S B VA TR A5 SR R SEE A s 5 A
RS IIMEARAE 535, MU (5) EAT Rl 5 140, 73
PR RO, EAL (R EEIFE LY 1 m) Fe 2l
AR,

d. FORE S R AL A PR
B R A A AR P P 2 38 5 A AR 3 A 25 B3R (BT 1%
(e B AR R ) | XA A A0 B A T S 5 A%
FAFEATIG R, AT A5 21 42 AT T S e 52 BE 5 A A
MG 2 [ 5 LSRR R 52 B 5 M AR AE p 1100
PERIAREZER | 21 SR R SR 5 4% 1 e A Bl A R
fERT p WF, AT N IS S A%, — B p BN
0.5, MEAh, rTEL BE ML O TR0 AT X4 A
R DI 45 215 50 P R S BE ARG 45 SR AT 36T e
o E AR 4 S R B AR MR R W 45 A A T
ST EOR . BRI 45 R 5
IR TR HE 3B, R R R A (B3R Bk
FREGEVEFEAR ™ XM B PEREVEA T E A, LR
IR 25 1k

e. RSFRIIME A R d M 5
B 2 (] (LA P o 70 e R RSB RY, 45 3 BT 1Y
SKEES R I S B ) 2 (W) 2 23 4, Lk £
TIRUIRERI ARSI, AR R R YT RS

ARSI
Ny

y(h) = 2 [2(x,) —z(x, + h)]*/2N, (12)

¢y +¢[3h/2a = (h/a)’/2] 0 <h <a
y(h) =

h=a

(13)
ey (h) 9P AR PR b URE ] s N, O BURE
IR A b SR A AR 5 2 (o, ) R 2 TR e, AR Y
SEPRAE 5 ¢ B, S T /N R 1Y 22
Pese WEEGME, Rl TR S AR ARE ;0 7R
e, S 1 7% S (9 2 [ 52 0 Y Bl % 2 (8] A1 B 3
Zitk

4 SEHIEEIE

4.1 MEREAR

T LK B LY TR 3 25 I K R
2509525 1w’ AT AE A 10. 8 m, 2K 14. 2km,
+ B 600 7 m’ il T T HIZY 148, RHAEE

¢, tc

PRSI X, R AR K EE X N, 3R
AR 35 E R 0y R AE A, H BRI PR 43 R
21. 0% 34. 6% , At 5 /K F N 18. 6% , e K T35 %
H1.68¢/cm’, ZERIHRIAR AL 1,

®1 TWHENE

>0.250

AR (mm) 0.250~0.075 0.075~0.005 <0.005

TR (%) 3.8 17.6 52.1 26.5

BRI 18 B 1 N R 2501, S5 K 35 m T
2.5 m, MR E 298 40 em, 5545 FARIC 6 MRS
J RIS S A EE Y S m, W0 1 BT, M T
CLG622 HU 5 415 2 B FE LR ol 1 5 48, 2541 5
TR 1 3k, T AR 4 0k, B8 R LR RIS R — R B
PRIE 2 30, R0 AR Hh R R LA T S S Bt T
— B HERETE 2. Sk/h 24, BRI IRAE S, A A
JIXHAGTRI S AT R ; i Ji — il iR R J | 5 91 bl
PLERE 4 AN RGTRI S EF T IURE | IF FH F4F RTK &%
LS TR IR I A 7 B AR bR, 5 R R B
TRk A F—REg, AR 85, A Hgk
e 5 B K R EEA 3,

N
wn

e 8 © © o o[

|
1
k

1 BHRBAHE (BfLm)
4.2 ZREERETEIRELESITMH
R AGH I A3 %) A A 2 D e i P 54 P v
(YR SN R A5 5 LA SR eS80, R (1) ~ (3)
FHEAR BTSN S B CV E LAY CWT-THD, £ 2047 |
WARPR S RS D Z A e (&1 2) . i 2 /T
A3 TR 5 SR 2 (R A A BT B A DG B
P RBCR 43310 0.78 .0.75 F10. 71,
FETF CV E CWT-THD 3 N8R RIS
ST AR 5 SR 22 18] 19 55 A X 152 22 43 1) Ky
1.71% 1. 85%L I 2. 05% , HoVF- A X152 22 43 5 K
0.85%.0.95% VA% 0.97%, HILrl L, Bik 3 ~F
fEFE PR RE S AU MR AE R RS i, it —25
PETHTARE R SR A D-S JIE 6 B8 % Hok A7 il A A
P DA R R S 2R AT AL, R A%
OR3P AP IR 15 B S R R S S AR AR
Ho A= B a3 B
HRIEA(4) ~ (11) , 7158 4 A7 A0 B I T A

KA K A ,2026,46(4)  Tel:025 - 83786335 E-mail :j2@ hhu. edu. cn hitp ://jour. hhu. edu. cn <75 -



10210 31 53 +89.40 1020 3 320Inx+51.67 1021 ) 084148934
100+ R*=0.78 ° 100+ R*<0.75 ° 100+ R*=0.71 °
°o % ® o @
- R 0 .
& B T & Bpommm e & B Ca
3 @ ot 3 00 .7 : 3 © gl
96} o ol 00 96} ol 96} el
o & L o !
94fo 270 . oaf &7 9 ; o4t o0, °
g ls 61 % 1315 w8 11037
92 . . P . oL v . T 92 . . MELEL)
2 3 4 5 6 7 02 04 06 08 1.0 1.2 14 1.6 1.8 2 4 6 8 10 12
cv E(MJ/m?) CWT-THD
(a)CV (b)E (¢) CWT-THD

2 AR EREEXRERNXR

SERFHE S A A
[ [ .
0.996 0.951 0.906 0.861 0.816 0.771 0.726 0.681 0.636

O WM A MGG £

T T S A AT e TR, Ty
B3 XBHEXEARBEEESHFEE
TN SERE A A MER A, W 2, WeRAEN B O, %
LEMA S5 10.901,0. 099 ], Ferm He 52 B 4 4% 4
FH0.901, AEHFEHER K 0.099, HRIFEEE R
B, Y R RS SRR T 0.5 B AR
SIRRRAH ., B 2 WA T D-S IEE S Z
M5 B A A a5, R R A AR A KT
0.5, R L RN A6, 5T 500 H 52 B
KT 98% A A H T2 45 SR — B,
%2 RUELETUESASREREMLL

RN E STE/ % RAWAESR RATEES
©) 99.03 [0.901,0.099] G
@ 100. 14 [0.954,0.046] H
©) 100. 60 [0.910,0.090] e
@ 98. 88 [0.856,0.144] B

4.3 2CEELREEETMH
PIZ TR 4 hRBE K10+500 ~ K10+800 HH: R
WG T SRy 5], H A A7 it T2 5 (s a BIORT R
SIJELRE ) HE an & 4 iy, H b R SR EE AT I (E
5 0.31 m ARUEZEN 0.05m,
HRYGEE 3 T PEAL AR, 159 2% 6 AN [F PEAh 45
B a0 2 [ DA B S 4 e S8 B 5 A R 43 A = 1A
(ES) , Bl S B HAREAMIE T 98% , I BASE
BT FARAAHE X, H% SL/T 848—2025¢ HE K=
A WU TS ) BSR4 100 ~ 200 m® BURE— UK (AR
SCHESE T 200 m® HORE—) |, IEAEBEALA TN Y 10 4
RYTRI 5A7 BAREAE = B
TRYTAG I 4% J 5 1L 2 R G R A6 B AL PR AR TR 6
TEAGZE SR AN 3% 3 iR, Wi 38 3 nl A, S &5 5
10 SRR L TR A G4, HARAGT Y 64% 53 Fiok
[ PAG 48 b 1 PR —TE 2 45 R TP bR 10 Sl Bt/ A 43
AFAE HABRYIA B (2 5 .7 S H 1 5) BN,
TR R PR Ay it TR 1 38 20 DA SN B R B
- 76 - ARAY K AR 2026,46(4)

(a) TR R B

K10+500
o 13 (0.04% )
@2 (0.02% )
@33k (0.05% )
® 43k (8.28% )
® 53 )2 DA 1 (91.61% )

K10+800
(b ) s 3t K5 B X o7 1T B o HE

K10+500
0.24

K10+800 I0_41
() HESZERE (A7 : mm)
4 FUNEENEREISH
K3 ELELUNEMNAEEFTERNELE
Tk R3TEE
ST ARFHR RS LR/ %

B RS G

s WIME/ % Cv E CWT-THD e o
1 98.58  98.83 98.96  97.48°  [0.761,0.239]
2 98.78  97.85° 98.69  99.16 [0.749,0.251]
3 98.67  98.14 99.42  99.06 [0.809,0.191]
4 98.82  99.26 98.16  99.94 [0.848,0.152]
5 99.14  99.71 98.24  98.35 [0.857,0.143]
6 99.32  98.67 98.69  99.16 [0.829,0.171]
7 98.44  99.41 97.35"  99.67 [0.737,0.263]
8 99.61  98.32 98.26  98.44 [0.818,0.182]
9 98.82  98.44 99.79  99.43 [0.827,0.173]

10 97.66* 97.34" 97.26" 97.21"  [0.468,0.532]"

L BB,

AT BT —PEE LR AR H, M2 T D-S
RS BEIE 19 22 5 B RS 45 R A 10 SilbtE
LEGHAMR/NT 0.5, HARAPIRT 0.5, PFES R
G EE RS — 2, R T2 U5 BRE R
19 s S22 S T S A R T 4% b 2 8] A R
AIPCTPE P, A AL T 50— 45 bR 04 F E 45 R i
B

Tel:025 - 83786335 E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



O RIS 5

300 e
T
250 h‘O]
£ o £
B s00p & cv = E(MJ/r)
= RN 561 B | 1315
5 e “: 5.93 R 1.375
%S t'a 6.25 ﬁ 1.435
£ R 657 S 1495
= 10024 B 689 3 1555
~ ® I7.21 = 1.615
soly B 7-53 1.675
: 7.85 1.736
g W37 1.795
0 20 0 20
i LRI 1 B 5 /m i LRI 1B 5 /m
(@ CV LE

300
b
250 F 1@
E E ;'
°
B B 200 U s
E = BN 7 050
= 150F = 0.57
K X ) 0.69
E g o Mo
= =4 N
2z s OhGH B34
£ =0.90
50 98N 0.94
A 0.99
) o
0 20 0 20
e E U7 1 BE 2 /m e UL 7 1] BE 25 /m
(6) CWI-THD (d) ST A iR

Bs5 fFUeHARTHERIHR

Tr 0 T AN [R] DA S B DY 48 AR 2 4 B
o R 4 TR EA B 3 FOR R HE bR Y B — A
B ER A FH AR A 38 F) 0. 85 DL F, HARBIHEAR
B, 2T 3 FiAS [) (4 A 15 b RE 6 5 4 Ml SR A
ST BORURE RE RS T T 2 U5 R R B A
PR PN FEPREE A R BT 4, ml S B b e 52 i

T TR ITE .
F 4 AENEERBEBTENIER
TEAG 7R WERf % PEACIE S B BA
cv 0.90 0. 89 0.11
E 0.90 0. 89 0.11
CWT-THD 0. 90 0.89 0.11
[ 1.00 1.00 0.00

HRAEEE 3 08 e, 510 22 U5 5 B R A 1 R 52
JEE Rl A AE S (P A 2 A0 5 R B, BV O v 1 0°
45° 90° 1 135° 7 [n] L (2748 S R 4 (E (E 6) .
6 AT AL, AR[R] 5 ] L 2 A8 5 ok B0 22 () A

@
o (Rt V\{@ :
1 ) \ﬁ& |
il !
90" (AR~ )>e
%
) |
. |
l%\@\ |
|
.
0.030 -
sm 0.028F S— — o
=
= 0.026F A OJ7l] (a=40.3,c=0.028 3)
fo( / m 45771 (a=414,¢c=0.028 8)
fbr 0024 & @ 90°)y[i] (a=40.9,c=0.028 6)
o 13571 (a=40.2, ¢=0.0279 )
0.022 1 1 1 L L L 1 L |
0 15 30 45 60 75 90 105 120 135
B /m

Bo ARAEELMELEMEMEREFERAHE

KA KB AR ,2026,46(4)

255 AN T A B R S B A B T Ak
i, 2 T 2 S PR

5 & &

N it PR B — R AR AL R 52 T B9 Ry BR 1
ARSCEHIRIE bR CV BRI E b i A3
bR CWT-THD 1B R AE Lo 52 BT & 1 2 I {5
BRI T — R T 22 U B R Y R S
B LRSS T I D-S R4S B X 2 R
AR AT TR B MG, 4550 T 52 bR i Ol L &
Murphy HLIU X REAR 73 PR3 (R A5 o S il
AT TAOUAL, AT SE B 1 %6F s T 552 Jo e e P e o
BV . SIS UESS R AR S5 kP A s 525
ARSI ISR — 2 AR T R — R i e 2
SRR AR E e R ] 208 s S92 Jo A 25 (] 4
S, D ORI R R B TR R AR

Sk

(1] 1, BRI, EAER. 25T FOA-RF 5535 .0 5 Bk A1
T RS BT EALRY )], KRR R 202343
(3) :42-48. (Cui Bo,Yan Chenbo,Wang Jiajun. Research
on compaction quality prediction model of core wall gravel
soil based on FOA-RF algorithm[ J]. Advances in Science
and Technology of Water Resources,2023,43(3) ;42-48.
(in Chinese) )

[ 2] HIEZ, TRfse, FR4E 5. 25T GA-BP P44 iR Ik
TRBE A S B2 S IEA 75123 [0 ] KR K B B O
2019,39(3) : 81-86. ( Tian Zhenghong, Su Weihao, Zheng
Xiang, et al. Real-time evaluation method of compaction
degree for roller-compacted concrete based on GA-BP
neural network[ J]. Advances in Science and Technology of
Water Resources,2019,39(3) :81-86. (in Chinese) )

[ 3] Wang Xuefei, Li Xiangdong, Li Jiale, et al. Training

intelligent model for in-situ

strategy  and rapid

Tel ;025 - 83786335  E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn <77 -



measurement of subgrade compactness[J]. Automation in

Construction 2024, 165 :105581.

[ 4] Li Jianhua, Wang Xuefei, Li Jiale, et al. A generative

adversarial learning strategy for spatial inspection of
compaction quality [ J ]. Advanced Engineering
Informatics,2024,62;102791.

[ 5] Ling Jianming, Lin Sheng, Qian Jinsong, et al. Continuous

compaction control technology for granite residual
subgrade compaction [ J ]. Journal of Materials in Civil

Engineering,2018,30( 12) :04018316.

[ 6 ] Mooney M A,Gorman P B, Gonzalez J N. Vibration-based

health monitoring of earth structures[ J ]. Structural Health
Monitoring,2005,4(2) :137-152.

[ 7 ] Rahman F, Hossain M, Hunt M M, et al. Soil stiffness

evaluation for compaction control of cohesionless
embankments[ J ]. Geotechnical Testing Journal,,2008,31
(5) :442-451.

[ 81 XA, 27 Je, 2 . 3T ORIk LA B HE 41 %

ST SN I 5 DR AL [ 0], KA 2RI, 2014, 45
(10) :1223-1230. ( Liu Donghai, Li Zilong, Wang Aiguo.
Roller working-based real-time monitoring and rapid
assessment of rock-fill dam compaction quality [ J ].
Journal of Hydraulic Engineering, 2014,45 (10) ; 1223-
1230. (in Chinese) )

[ 9] Liu Donghai, Lin Min, Li Shuai. Real-time quality

monitoring and control of highway compaction [ J].

Automation in Construction,2016,62:114-123.

[10] Xu Qinwu, Chang G K. Adaptive quality control and

acceptance of pavement material density for intelligent
road construction[ J ]. Automation in Construction, 2016,

62.78-88.

[11] Yang Xian, Wu Chuping, Qiao Lan, et al. Compaction

quality assessment of highway using roller-integrated
positive maximum kinetic energy increment detection

technique [ J ]. Case Studies in Construction Materials,

2024,21.e03411.

[12] Wang Xuefei, Lu Wei, Li Jiale, et al. Multi-domain

adaptive analysis of intelligent compaction measurement
value for subgrade construction [ J ]. Automation in

Construction 2024, 163 :105413.

(13] Feffé, BR0RAE , R0, 4. kT Ubde i 21 A BRI 1 2

PR RRSIEAG [T ], IR R 4 (AR IR
2024,51( 1) :190-200. ( Qiu Weixing,Zhao Lianheng, Wu
Bo,et al. A multi-source information fusion assessment for
the tunneling collapse disaster based on evidential
reasoning [ J ]. Journal of Hunan University ( Natural

Sciences) ,2024,51(1) :190-200. (in Chinese) )

[14] XUZHE, Fr—ng HE—AR, 55, ek D-S RS Y o

REGERRATTEDIE[ ). Bl BhE 5 TR,

- 78 - KA KA R 2026,46(4)  Tel:025 - 83786335

2025,22(7) :3328-3338. ( Liu Suyan, Qiao Yiming, Dong
Yilin, et al. High conflict multi source information fusion
method for improving D-S evidence theory[ J]. Journal of
Railway Science and Engineering, 2025, 22 (7) : 3328-
3338. (in Chinese) )

[15] AR, K, EReRe 45, B T OO Be Y 47 301

B R R R PN Jr ik [ 1], KM 2441, 2025,56 (1)
117-129. (Lin Weiwei,Zhang Jun, Wang Xiaoling, et al. A
comprehensive evaluation method for rolling quality of
earth-rock dam based on improved evidence theory[J].
Journal of Hydraulic Engineering,2025,56(1) :117-129.
(' in Chinese) )

[16] 25l Phiz , 28, % RE R S AR AR R a0

P AR R Iy R ] T2 4 (A SRR
SRR ,2024,52(6) :90-96. (Li Zhuo,Sun Yi,Jiang Xin,
et al. Study on mechanical properties of earth-rock mixture
for earth-rock dam slope protection under low confining
pressure and different temperatures[ J ]. Journal of Hohai
University ( Natural Sciences) ,2024,52(6) :90-96. (in
Chinese) )

[17] Ma Yuan, Lu Wei, Luan Yingcheng, et al. Research on

global optimization mechanism of intelligent compaction
parameters of soil subgrade based on difference method

[J]. Journal of Building Engineering,2024,82.108381.

[18] JEzaMe, HIEZE  INGI , 4. J T B B Il (9 0 R VR o8 1

FESERCRIEAN [ )], KK B BHE R, 2020,40(4) -
58-64. ( Qu Jiacheng, Tian Zhenghong, Sun Xiao, et al.
Evaluation of compaction effect of RCC based on Rayleigh
wave velocity[ J]. Advances in Science and Technology of

Water Resources,2020,40(4) :58-64. (in Chinese) )

[19] Wang Xuefei, Wang Tingkai, Zhang Jianmin, et al.

Autonomous soil vision scanning system for intelligent
subgrade compaction [ J ]. Automation in Construction,

2024,158.105242.

[20] PMEA, AEMEMS SR B, 55, ST/ N AR AR A 1Y 12 25

R R [T]. PRl K52 W, 2018,38(5)
916-921. (Sun Zengshou, Li Xiaopeng,Han Peiyan, et al.
Damage Identification for continuous girder bridge based
on wavelet packet sample entropy [ J ]. Journal of
Vibration, Measurement & Diagnosis, 2018,38(5) :916-
921. (in Chinese) )

[21] 2088 2hdkadt, 9507, . D-S RS BE i ek 50 vk K

HAESEEEHB0 AL P R ISR UE T . KA R R
FeiklE, 2015,35(1) : 78-84. (Li Dechun, Lian Jijian, Su
Fang,et al. An improved method based on D-S evidence
theory and its verification in damage location for guide wall
structure [ J ]. Advances in Science and Technology of
Water Resources,2015,35( 1) ;78-84. (in Chinese) )
(F#% 92 W)

E-mail ;jz@ hhu. edu. cn hitp ;//jour. hhu. edu. cn



55 46 B 4 W)
Vol. 46 No. 4

KR K R Bk R

Advances in Science and Technology of Water Resources

2026 4F- 7 A
Jul. 2026

DOI; 10. 3880/j. issn. 1006 - 7647. 2026. 04. 012

SRR AT TP JSBHLIGE PR 3 7 M A 56

B GaE K o E B

(1AL AR R 2K K R 2B 5 2. RHCEKOR TR AR 5 s 2k 4 [ JE A S0
3. KRHRFHITT BRI T B A IR W)

FEE AR T T -F L6 R B R A AR X B fe CFD BARREMARLE &80 77 i, 4T T
B R TR AR TSR T8RS A bede, AR RAA LB A R L ag 4B A T, Li k3
6 FALIR TR HER R E A AT IR R EH R AT 2R A ST A MR s —
Bt g, B AL XGERMITMNFRGELRE; b HAT, FARATGFRFEREEE
5117 8 E | BT #K Sk E AR R @A K R IR B R A K e E s BT
Kk Z BN KA AR R @ AR iE S X P IRTE R TR A TR AR T A

SRR AR T P TR R B R B R SRR

Analysis of causes and countermeasures for plane gate jamming in closing process//Sheng Chuanming'>?, Lian
Jijian® | Liu Fang®, Li Lei’ (1. School of Water Conservancy and Hydroeleciric Power, Hebei University of Engineering;
2. State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University; 3. The Froniier
Technology Research Institute Limited Company of Tianjin University)

Abstract: To investigate the causes of plane gate jamming in the closing process, a combined approach of physical model
experiments and CFD numerical simulations was employed to examine the hydrodynamic characteristics of plane gates during
dynamic closure under free-flow conditions. The results show that under the upstream pressure head, plane gates equipped
with upstream seals experience significant hydrodynamic thrust forces with minimal contribution from water-induced
gravitational forces, rendering gate closure primarily dependent on self-weight. After a period of gate operation, excessive
friction coefficient is identified as a significant cause of closing jamming. Under free-flow conditions, the permissible
friction coefficient of the plane gate is mainly governed by the gate self-weight, the upstream-downstream head difference,
and the effective area subjected to water thrust. Five countermeasures were proposed to facilitate the successful closure of
the plane gate: reducing the friction coefficient of supporting materials, increasing counterweights, decreasing the upstream-
downstream head difference, reducing the water thrust action area, and appropriately closing the radial gate.

Key words: plane gate; closing jamming; free flow; friction coefficient; supporting material
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Numerical simulation of energy characteristics of a large Francis turbine under high-load conditions//Qiao Peng',
Liu Kunting®, Li Mi', Yu Yunkuan®, Chen Dianlong', Zhu Wenbing', Kan Kan® ( 1. Ningnan Baihetan Hydropower
Station, Three Gorges Jinshajiang Yunchuan Hydropower Development Co. , Lid. ; 2. School of Electrical and Power
Engineering, Hohai University)

Abstract: To reveal the causes of efficiency degradation in a large Francis turbine under high-load conditions, a numerical
simulation investigation was conducted on the mechanism of vortex-induced energy losses. The mean kinetic energy theory
was employed to quantify hydraulic losses in each flow passage component, while the rigid vorticity theory was adopted to
identify complex vortex structures in the runner and draft tube. The results show that once the discharge exceeds the rated
value, the runner and draft tube become the dominant sources of hydraulic loss, accounting for up to 30% and 75% of the
total hydraulic loss, respectively. The flow separation-induced vortex at the leading edge of the runner blade merges with
the horseshoe vortex at the blade root, producing intense shear flow and significantly increasing energy loss near the leading
edge. The velocity gradient between the low-velocity flow near the vortex core of the cylindrical vortex rope in the draft tube
and the high-velocity main flow in the outer region significantly enhances turbulent kinetic energy dissipation. The
separation vortex in the runner and the cylindrical vortex rope in the draft tube are the primary loss sources under high-load
conditions. Their intensities increase with discharge, leading to a substantial reduction in turbine efficiency.

Key words: large Francis turbine; rigid vortex; mean kinetic energy; energy loss; numerical simulation
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An outlier detection model for seepage monitoring data based on VMD-LSTM-VAE//Li Menghua'*, Qian

1.2 1,23
Xu’ an

, Fu Shuyan , Zhao Hankun'?, Jin Sitong'?, Ou Bin'*** (1. College of Water Conservancy, Yunnan
Agricultural University; 2. Yunnan Key Laboratory of Hydraulic and Hydropower Engineering Safety; 3. Yunnan Engineering
Research Center for Intelligent Management and Maintenance of Small and Medium-sized Water Conservancy Projects
4. Yunnan Key Laboratory of Water Security)

Abstract: To address the limitations of traditional outlier detection methods for seepage monitoring data in processing
nonlinear and nonstationary water level monitoring data, a hybrid model based on variational mode decomposition ( VMD) ,
long short-term memory network (LSTM) , and variational autoencoder ( VAE) is proposed. In the proposed model, VMD
is used to perform multiscale decomposition of the water level time series and obtain intrinsic mode functions with different
frequency characteristics. A two-layer LSTM is then employed to capture the temporal dependencies of each modal
component. VAE is used for feature compression and reconstruction, and outlier detection is achieved based on the
reconstruction error. Case validation results show that the hybrid model can effectively identify isolated outliers and
continuous outlier sequences. In scenarios where outliers were randomly added to the test set at proportions of 1%, 2%,
and 3%, the model exhibited good detection performance, verifying its effectiveness in outlier detection for seepage
monitoring data.

Key words: dam seepage monitoring; outlier detection; variational mode decomposition; long short-term memory network ;

variational autoencoder
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Crack detection for hydraulic structures based on an improved YOLOvS5s model//Li Yijing, Deng Jiahui, Yuan
Shihong ( School of Infrastructure Engineering, Nanchang University )

Abstract: Aiming at the problem that hydraulic structures are prone to deterioration such as water stains and calcium
precipitation under complex natural environments and operating conditions, thereby complicating surface crack detection,
this paper proposes a crack detection model YOLO-SEH integrating a deformable convolutional network ( DCNv2) and
scaling efficient decoupled head (SEH). An efficient channel attention mechanism is introduced into the model neck to
suppress noise interference from complex backgrounds. In the backbone, DCNv2 is adopted to replace the C3 module of
YOLOv5, improving the model’ s adaptability to irregular crack shapes. SEH is incorporated into the detection head to
strengthen the model’ s sensitivity and discriminability to crack features. The proposed model was applied to crack detection
on sluice and dam images captured by unmanned aerial vehicles (UAVs), achieving mAP@ 0. 5 values of 86. 2% and
84.9% , respectively. Ablation experiments show that compared with the YOLOvS model, the mAP@ 0. 5 of the YOLO-
SEH model increased by 3.1 and 4. 1 percentage points, the precision increased by 4. 8 and 6. 6 percentage points, and the
recall increased by 3. 4 and 4. 7 percentage points for the two datasets, respectively. Furthermore, comparative experiments
with the Faster R-CNN, SSD300, YOLOv5, YOLOv7, and YOLOv8 models demonstrate that the YOLO-SEH model
achieves superior detection performance for crack detection of hydraulic structures.

Key words: hydraulic structures; crack detection; deep learning; object detection; YOLOvSs; deformable convolutional

network ; decoupled head
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