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Fig.1 Schematic diagram of submerged gate model
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Fig.2 Combined line graph
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Tab.1 Parameter values of overflow curve

Q/m’ R/mm H L/H
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Fig.3 Detailed parameter diagram
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Fig.4 Locally structured mesh

K VOF B R RY 358 b e k101 350 ' UK IR
5k, EWEKAE 14,2 m FUFEETTKAL 11.2 m,
R i i A KRR RSy R 0, R
R R o A DX Bl i B T A R TRLRE g 2
4 0.5 mm,

1.3.3 EiELR

UL B RS ECT i i 5 0 s
T 7K & A TKAE TG T8 R ROBEE (e b8 o 171 Tk 3k
J& BGOSR BR U AS o W I K T 4 A 2
A, 1) YR A T K R R A DX R AR I ] 1 i
TR/ S N 8- I 12 DL /o N 3 (| S I
BN o

-0.70 0.24 1.18 2.12 3.06 4.00 494 588 6.82 7.75 8.69
[ B

WV /(m/s)

B 5 5% E

Fig.5 Velocity contour map at a specific time
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Fig. 6 Pressure scatter plot on overflow surface
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Fig.7 Structural layout drawing
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Fig.8 Static analysis contour maps
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Fig. 10 Wet modal shapes
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Tab.4 Wet modal natural frequency
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Fig. 11 Displacement contour maps under

seismic loading
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Construction and Mechanical Performance of a New

Spatial Grid Submerged Gate Structure

ZHANG Qingmin' , DU Wenfeng', ZHANG Xifei’

(1. School of Civil Engineering and Architecture, Henan University, Kaifeng 475004, China;

2. Kaifeng Anlida green assembly construction Co., Ltd., Kaifeng 475004, China)

Abstract: [ Objective] Dams and gates are important components of hydraulic engineering hubs, but existing hydraulic struc-

tures often face problems such as cracking, long construction periods, and obstruction of finless porpoise migration. To ad-

dress these problems, this study proposes a new liftable submerged gate structure composed of spatial steel grids and rein-

forced concrete, integrating the functions of traditional water-retaining dams and sluice gates while also serving as an ecologi-

cal fish passage. [ Methods] A three-dimensional model of the submerged gate was established using 3D3S steel structure de-

sign software. Fluent was used to optimize the overflow curve parameters to improve flow capacity and pressure distribution on

the overflow surface, and finite element analysis was performed in ANSYS to evaluate mechanical performance. [ Results]

(1) Under normal service conditions, the maximum displacement of the submerged gate structure was 28. 7 mm and the maximum

(F4#% 38 W)



38 bk MoK BOR % % WA R R R 2026 4E 7 A

on bearing capacity of mucky clay foundation improved by (8):274-281. ]
sand piles[ J]. Science Technology and Engineering, 2017, [20] ZEMRAN, ARUEEE IR TG 4K, 45 ¥ b XU Rl SRR 56 il il 1) 7K
17(23) :276-280. ] HURRVE S s LR AT [ 7] b B AR KA K
[19] B 42T BH , 42 W, 55 . 4 Ml 000407k 158 1] 7K 2% 2023(2) :185-191. [ Li Chaojie,Zhu Hongze, Su Haoran,
TIBFgE [ )], #5452 i, 2022, 43 (8) ;274 - 281. et al. Analysis on axial bearing characteristics of monopile
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Model Verification and Reinforcement Optimization of Hollow Concrete Dams

CHEN Zhuanzhuan', YANG Gui*’, LIU Luyang', WU Liangjie' , SUN Yin'

(1. Department of Seismic Risk Assessment, Geophysical Exploration Center, China Earthquake Administration,
Zhengzhou 450002, China; 2. Key Laboratory of Geotechnical Mechanics and Dam Engineering of Ministry of
Education, Hohai University, Nanjing 210098, China; 3. Institute of Safety and Disaster Prevention Engineering,
Hohai University, Nanjing 210098, China)

Abstract; [ Objective] This study aims to reveal the dynamic response laws of hollow concrete dams under weak dam founda-
tions and the influence mechanisms of key control parameters, providing a reference for seismic design of similar dams.
[ Methods] Based on shaking table test results, a numerical model reflecting pore pressure growth characteristics was estab-
lished using PLAXIS finite element software, and the model accuracy and reliability were verified. The dam was proportionally
scaled up to a height of 12 m, and the seismic dynamic responses of the dam under relatively weak and hard dam foundation
conditions were compared and analyzed. Taking the foundation condition corresponding to the peak horizontal displacement of
the dam as the benchmark, the effects of rockfill size behind the dam, transverse pile spacing, and foundation reinforcement
depth were quantitatively studied. [ Results] (1) Compared with rigid dam foundation conditions, under weak dam founda-
tions, the hollow concrete dam showed overall sliding deformation, with the most significant horizontal displacement response.
The maximum dynamic displacement of the dam was 31.1 cm, and the residual horizontal displacement was 14.8 cm. (2)
Under weak dam foundations, among various reinforcement measures, rockfill behind the dam had the most obvious restraint
effect on dam horizontal displacement, followed by foundation reinforcement, while reducing transverse pile spacing had the
weakest effect. (3) Considering the stress responses of the cut-off wall and piles, foundation reinforcement was the optimal
scheme, and the reinforcement depth needed to penetrate the soil layer interface. [ Conclusions] This study clarifies the ac-
tion mechanisms of different foundation conditions and key parameters on the dynamic response of hollow concrete dams, and
the conclusions can provide a reference for seismic design and foundation reinforcement of hollow concrete dams on soft foun-
dations.

Keywords; hollow concrete dam; weak dam foundation; dynamic response; shaking table test; dam reinforcement; numerical

simulation
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stress was 267 MPa. The wet-mode natural frequency was 3. 65 Hz, indicating good seismic performance. (2) During lifting,
structural displacement and stress increased but remained within the allowable range specified by relevant standards. [ Con-
clusions] Compared with traditional water-retaining dams and gates, the proposed spatial grid submerged gate structure has
good mechanical performance, a shorter construction period, and lower overall cost, and it can also serve as an ecological fish
passage, helping to reduce the impact of hydraulic engineering on river ecosystems. These advantages indicate high engineer-
ing application value and environmental friendliness.

Keywords: submerged gate structure; water-retaining dam; finite element simulation; mechanical performance analysis
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