o

24 55 1

TRA 5 A TR AR Vol. 24 No. 1
026 42

Journal of Water Resources and Architectural Engineering Feb. ,2026

[\®)
mE

DOI:10.3969/j. issn. 1672 —1144.2026.01. 016

Bk ENERTATRITE A B EF5

xBE M BCERFE L EHEA', BER4E
(L PERHE AT IR A, 17 RS 5300075 2. PSSR BE, 78 #3F 530023)

o OE: NIRRT CHRES W, HAEROKEI T2 1R 5 AN TRE2FE X
WE, NHEIOZA A IR 1 R A BT e =R RoAF i B (G R R
FFICTRRE S1 TR 1 B BIAE) W 1 50088 BT HUE B LS S, 22 1T Rz 7 48 v KA I 12 4 Ha BHLR 28
I S A . S5 AR WO ) T RLAT AT I T BT AR TR e 1, AR B R N ) BT T LA L
AT IC TN SRS FIREAR 7. 62% 6. 54% , e KA F 43 BIREAR 12. 58 % (10.93% ;5 = 55 KT 1433 P
163.84% 2.17% , B KA 4 BIREAR 16.02% 14.92% . KA 25BN, W) 17] 1/4 &5 B Ak R R O
FEZSIX . A BRI -5 SEIMEERE A, 2 RN AR5 2281 0. 40 ~0. 66, 5% BH il 1] I i 2%
AT, Tl R s TR

KB NFMWT 5 WK RS B RO s A BT #h J7l5

HE S ES . TV663. 6 SCERFRIRAD: A TEHS 1672—1144(2026)01—0136—08

Mechanical Behavior of Miter Gates under Hydrostatic Pressure

GUAN Qiyu', DU Zheng’, PAN Xinen', HU Shilong', LIANG Jiahua'
(1. Guangxi Transportation Science and Technology Group Co. ,Ltd. , Nanning, Guangxi 530007, China;
2. Guangxi Transport Vocational and Technical College, Nanning, Guangxi 530023, China)

Abstract; As a critical load-bearing component in hydraulic engineering, miter gates ensure operational safety mainly
through their mechanical performance and deformation characteristics under hydrostatic pressure. To investigate these
characteristics and guide on-site static stress tests, this work adopted the finite element method ( FEM) to compare
stress and displacement across three back tie rod configurations: no tie rods, non-prestressed tie rods, and prestressed
tie rods. Based on numerical simulation results, 12 sets of resistance strain gauges were installed in stress concentration
zones of the gate leaf to conduct static stress tests. Results demonstrate that prestressed tie rods significantly enhance
the gate’s deformation resistance. Compared with the no-tie-rod and non-prestressed tie-rod models, the prestressed
model reduces the panel s maximum stress by 7. 62% and 6. 54% , and maximum displacement by 12. 58% and
10.93% , respectively. For the main beam, maximum stress decreases by 3.84% and 2.17% , while maximum dis-
placement is reduced by 16.02% and 14.92% , respectively. As the water level difference increases, the primary
stress-bearing areas are located at 1/4 of the gate height and the gate§ bottom center. FEM calculations exhibit a posi-
tive correlation with measured data, with the maximum stress check coefficient of each component ranging from 0. 40 to
0.66 which confirms the gate possesses sufficient stiffness reserve, thereby meeting the requirements for safe operation.

Keywords: miter gate; hydrostatic pressure; back tie rod; finite element method; static stress test
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MoK A2 1550 51 9 10. 0,184 116. 0 m, A [F] K
(22 PRI = BLIE 6 (a)—TE 6 (¢) , (ifE =
LI 6 (d) —TE 6 (f) , e KoKz 22 2 BT LA 3

Von-Mises stress (Pa)

23.8— 2.130e408
1.988e+08
| 1.846e+08
1.704e+08 _
20— 15626408 _
| 1.420e408 _
1.278e+08
16— 1.136e+08
9.940e+07
~ 85200407 _|
7.100e+07 _|
12— 5.680e+07 _
| 4.260e+07
2.840e+07
8 1.420e407
0.000e+00_|
4
ol
(a)9.4m
m Resultant Displacement (mm)
23.8— 1.200e+01
1|2M|]
— 1.040e+01_
9.600e+00
20— £.800e+00 _
- 8.000e+00 _
7.200e+00
16— 6.400+00
5.600e+00
I~ 4.800e+00
4.000e+00
12— ]
3.200e+00
B 2.400e+00
1.600e+00
8 I— 8.000e-01
0.000e+00
4
oL

(d)10m

(b)17.2m

(€)16.0m

AT , 2 PAT R AE L 1 AR
AT T BN A N BRI KPR
T8 T3 MU/ , 15t B TR 1 5 AT X R 1Y
TR B TS B, AR, B 1] R /)N
NPT KA 22 58 T B B, B 755 67 7 5 B X
YRS HR K 1/4 8 B vt K8

4 TRl DA

4.1 HWMARE
A T 0 S — A U R ) 2 SR A IS R
FHIM3B12 Jo Lk i A5 W AR B R 48, e R

Von-Mises stress (Pa)
2.130e+08

Von-Mises stress (Pa)
24306408
1.988e+08 ]
1.846e+08
1.704e+08 _
1.562e+08 _
1.420e408 _
1.278e+08
1.136e+08
9.940e+07
8.520e407_|
7.100e407 _|
5.6800407 _
4.260e+07
2.840e+07
1.420e+07
0.000e+00_|

1.988e+08
1.846e408
1.704e08
1.562e+08 _
1.420e408 _
1.278e+08
1136408
9.940e+07
8.520e+07_|
7.100e+07 _
5.680e+407 _
42608407
2.840e+07
1.420e407
0.000e+00 _|

(c)19m

Resultant Displacement (mm) Resultant Displacement (mm)

1.200e+01 1.200e+01
1.120e+01 1.120e+01 :I
1.040e+01 _| 1.040e+01 _|
9.600e+00 _! 9.600e+00 _|
8.8006+00 _ 8.800e+00 _
8.0006+00 _ 8.000e+00 _
7.200e+00 7.200e+00
6.400e+00 6.400e+00
5.600e+00 5.600e+00
4.800e+00 _| 4.800e+00
4.000e+00 _ 4.000e+00
3.200e+00 _ 3.200e+00
2.400e+00 2.400e+00

1.600e+00 1.600e+00
8.000e-01 8.000e-01
0.000e+00 _| 0.000e+00

(f)18.4m
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DUILEE S N 1148 R AR AN -5 B (L 2 4 8
7R o SRR AL R B AN -

n = o (3)

AP S, DA st v S5 s it o ) 4y 28000F 2354 7= £ 14 5%
IO, B SEIAEL 5 S, A B ELASE DL X 6 it o ) 2806 4

RO 2 3 m IRR G I, RO, ROV
£S5 AFHENEMHRNEERTIHTEER HLfi : MPa
K2 T 240 58 R 8 i 1) KR 64 1 A1 U 1T 1
JKAiE 22/ m
ST R S A S HHRE ST HHRHE
3.00 0.67 3.01 0.14 0.86 0.00 4.41 0.00 -6.01
6.00 -3.58 -3.67 -3.90 -6.96 -5.04 -6.33 -1.26 0.51
9.00 -4.75 -13.14 -11.47 -22.51 -10.92 -20.63 2.31 8.06
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15.00 -11.54 -35.90 -28.04 -51.52 -26.67 -52.74 7.14 29.04
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I ROR 22
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