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Fig. 3 The finite element model of the side hole of the Weihe River sluice
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Fig. 4 Connection form between bent column and beam of hoist and pier
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Fig. 5 Thin layer element model between steel gate and pier
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Tab. 2 Periodic table of natural vibration frequency of sluice

chamber structure under different working conditions

N Hok T8 R E AT
W%/Hz  JMI/s  B%/Hz o AN/
1 6.334 0 0.157 9 6.334 0 0.157 9
2 7.065 9 0.141 5 7.065 8 0.141 5
3 7.989 0 0.125 2 7.988 9 0.125 2
4 10. 483 0 0.095 4 10. 483 0 0.095 4
5 12.511 0 0.079 9 12.510 0 0.079 9

SEXFIE R B KA T00, 6 4t T 1AL i % 4%
ARG 5 BRI ., AT LA L LI 25 R R 5 B
P AR MR AR 3% 3, LA K o
WS S50,

3.2 LB HAERS S

B 7.8 4 T shEr R AL B4 e X
6.Y [l Fl Z 1) i B S5 (E 2 W] e 1E 3 &K T
MR R 5 320 L I 28 405 4 57 8% 6 A [ 1) 2 iy =%
T EREBAE ST R 3.9 mm 2. 6 mm, {7 B HIAE

KA A Hw - 1027 -



F194& £ 58 BAE G AFFE(FIEID 2021 £ 10 A

WL TR s 0 T 1AL IR S AR 1) L AR FLIRI S 4500 B B ) (32 8% o 7R AN TR] 1 & Jn 7 2T Jeek
A7 R RN BB 08 14 mm F1 AEE(E08 2. 1 mm A1 3. 1 mm. {57 B2 H BLAE
2.1 mm, {7 H BUAENLZRAR TR s 0 40 X Filn - Rk AL AL

B 6 =i h L =SS HMiRE

Fig. 6 Vibration diagram of each order of the gate chamber structure of the side hole of the sluice
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Fig. 7 Displacement contour map of side hole chamber structure under dynamic and static superposition (statict+dynamic)
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Fig. 8 Displacement contour map of side hole chamber structure under dynamic and static superposition (static—dynamic)
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Fig. 9 Contour map of main stress of side hole chamber structure under dynamic and static superposition
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Fig. 10  Contour map of main stress of crossbeam under dynamic and static superposition
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Fig. 11 Contour map of main stress of frame bridge under dynamic and static superposition
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Tab. 3 Calculation and analysis table of anti-sliding stability of sluice chamber structure
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Seismic safety review on Weihe River sluice chamber
GUO Bowen"?,L.U Lisan'? ,WANG Jing"?,SONG Li'*?
(1. Yellow River Institute of Hydraulic Research , Zhengzhou 450003 ,China;

2. Research Center on Levee Safety and Disaster Prevention Ministry of Water Resources , Zhengzhou 450003 ,China)
Abstract: The seismic intensity of the area is adjusted from V[ to Vll where the Weihe River barrage project is located. To ensure
the safe operation of the Weihe River barrage project, it is necessary to carry out seismic safety review research on the project.
At present, most scholars use the quasi-static method to check the seismic calculation of the sluice structure, The sluice belongs
to a complex three-dimensional space structure,and the calculation is simplified only according to the conventional plane meth-
od, so the calculation result has a large error. In recent years, with the rapid development of computer technology, finite element
numerical simulation technology has been widely used in the seismic analysis of sluices, but how to evaluate the safety of the ar-
ea where the tensile stress exceeds the tensile strength of concrete is less studied.

Given the problems existing in the seismic safety review of sluice structure, based on the finite element numerical simula-
tion technology and ADINA finite element analysis software,an analysis method combining finite element numerical simulation
and structural mechanics calculation was proposed. This method could effectively make up for the shortcomings caused by the
simple use of finite element numerical simulation and could provide the corresponding basis and reference for the similar sluice
seismic safety review.

Taking the Weihe River sluice as an example, a three-dimensional finite element model of the sluice was established.
The seismic response of the sluice chamber was calculated and analyzed by the mode decomposition response spectrum meth-
od, and the seismic safety evaluation of the sluice was carried out. Among them, for the area where the tensile stress exceeds

the tensile strength of concrete in the finite element, combined with the actual reinforcement amount of the part, according

(F#% 1040 1)
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the former retaining wall is higher than the water intake elevation by a certain height, with the increase of the retaining wall ele-
vation,more surface high temperature water is released,and the temperature leap layer position rises,and the thickness increa-
ses. The increase of the retaining wall elevation weakens the vertical heat exchange of the bottom water body in front of the
dam. When the retaining wall elevation is higher than the water intake elevation by a certain height, the degree of improvement
of the water temperature released by the retaining wall is related to the difference in the vertical water temperature between the
retaining wall and the water intake elevation, the larger the difference, the greater the degree of improvement of the lower re-
leased water temperature,and there is a linear correlation. Analyzing the encrypted calculation scheme, there are two extreme
points for the growth rate of the lower released water temperature increase,and the growth rate of the increase is greatest at the
height of the retaining wall 475 m and 471 m. Considering the engineering feasibility, the top elevation of the retaining wall is set
to 471 m as the optimal choice.

Key words: reservoir; thermal stratification; temperature of water released; retaining wall; mathematical model

(k3% 1031 D

to the flexural capacity of the normal section, the maximum bending moment of the section in the area where the stress exceeds
the limit was obtained. The maximum bending moment on the section was deduced according to the calculation formula of nor-
mal stress of flexural members. Finally, the area where the tensile stress exceeded the tensile strength of concrete could be re-
checked by comparing the calculated normal stress results with the finite element stress calculation results. In addition, based on
the finite element calculation results of each node of the bottom plate of the lock chamber, the anti-sliding stability of the lock
chamber structure could be calculated.

The first five vibration modes of sluice chamber structure were mainly reflected in the vibration of beam and frame bridge
structure, The results show that the fundamental frequency of natural vibration was 6. 33 Hz under the condition of no water
and normal water storage, and the natural frequency did not decrease obviously after considering the effect of hydrodynamic
pressure. Under the earthquake action of normal water storage condition, large tensile stress appeared at the joint of side hole
beam and frame bridge and the joint of frame bridge and pier,and its maximum tensile stress exceeded the standard value of dy-
namic tensile strength of concrete, but considering the local reinforcement, the tensile stress met the safety demand. Simultane-
ously, large compressive stress appeared at the corner of the frame bridge and other geometric mutation,and the maximum com-
pressive stress did not exceed the standard value of concrete dynamic compressive strength, which met the safety requirements.
Under the most unfavorable seismic condition, the safety factor of the anti-sliding stability of the whole sluice chamber was
1. 68, which met the safety requirements.

According to the Guidelines for Sluice Safety Evaluation (SL 214—2015) , the seismic safety of the sluice met the standard
requirements,and its seismic grade was Grade A.

Key words: chamber structure; numerical simulation; mode decomposition response spectrum method; seismic response; seismic

safety review
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