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Fig. 1 Finite element model of the arc gate
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Fig. 2 Stress strain curve for Q235 steel material
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Tab. 1 Material parameters for the steel constitutive model and driftwood constitutive model

MRS MBS
pl(kg/m’) E/Pa v fy/Pa C P pl(kg/m®) E/Pa N /P
7850 2.21x10" 0.3 2.65%10° 40 000 5 351~774 1.64x10" 0.027 325107
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Fig. 3 Impact conditions and schematic calculation of the arc gate support arms
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Tab.2 Driftwood impact conditions at locations 1~4 (web position)

i IFAR T kg % /(kg/m) kg i IFAR B /g % /(kg/m) hitihes
25 747 100 2893
50 1 494 200 5787
i1 75 773 2241 {73 400 761 11573
100 2988 600 17 359
150 4482 800 23 146
100 2929 100 2857
200 5858 200 5715
{72 400 7.65 11716 i 'E4 400 7.56 11430
500 14 645 600 17 145
600 17 574 800 22 860

*3 NUEILFAPELR (BEMUE)

Tab. 3 Driftwood impact condition at location 3 (flange position)

M HE Kk /mm IFAR B kg 1 ) SR/ (m/s) FKF- B/ (m/s) S E/(m/s) kg
e 500 600 8.23 2.11 8.49 21635
{3 900 600 8.80 2.98 9.29 25911

3 UWEERSA

HSEA Ls-Dyna BB M Fe 3845 11725 80K Sk (T80 1~4 2 6.3 m, B0 52 6.8 m, T
B 6 9 7.2 m) NIRRT RIS AZ Sy, A HE T AR TR e O PR A A 28 D 0 R 25 0, FE G AR T X

L i B R L v T i [ SR T Y B B = R 9 6000
APSRCR MR B 0.6 s, TR |
SEHE R 0.006 s,
3.1 HERGHMSH 4000

FEA il [0 1] S ARG i i P A RE B T2 2 53000 i
s TEARF R BhRE . N BE S ARTERE, AN S5 Y B & e
FE . YRR RVASTE B, 07 A 15 I 1148 2 0 A 2007 — LiE
TIREE. LA 100 kg FOTFA v 2 & 3 45, B9 1) 1000 — ik
Z iR mRe ALt an &l 4 Fs ol

& 4 AT, P 5 RS0 ERE TR TE 4 500 J Ab i ; o 3 3
B, WRERE. VWIRRETE SLVFIE RN, S RAE 510 9 il /s
F197 I, (AR 2B R Y 0.2% F1 2.2%. AR B4 whifd RAg RS (4

SCHTR IR RIS ST | A3 A7 N HL38 F YA7i6 s R oK Fig. 4 Energy variation curve during impact process
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Fig. 5 Structural displacement and stress response analysis at the impacted position 1
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Fig. 6 Mises stress contour map of the gate structure when impacted by 150 kg driftwood at position 1
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Fig. 7 Structural displacement and stress response analysis at the impacted position 2
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Fig. 8 Time history curve of equivalent
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Fig. 9 Mises stress contour map of the gate structure when impacted by 600 kg driftwood at position 2
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Fig. 10 Structural displacement and stress response analysis at the impacted position 3
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Fig. 11 Mises stress contour map of the gate structure when impacted by 800 kg driftwood at position 3
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Fig. 12 Structural displacement and stress response analysis at the impacted position 4
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Nonlinear dynamic analysis of arc steel gate arms subject to impact load

DONG Jing', BAI Yuhang', PEI Duofei’, ZHANG Junfa'

(1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi'an University of Technology, Xi’an 710048, China;
2. China Energy Engineering Group Shaanxi Electric Power Design Institute, Xi’an 710054, China)

Abstract: To investigate the dynamic response of the support arms of hydraulic arc steel gates under impact loads
during normal operation conditions and to predict possible failure modes, an arc steel gate from a certain hydropower
station was selected as the research object. The nonlinear finite element method was used to simulate the process of the
support arms of the steel gate being impacted by floating debris under hydrostatic pressure, obtaining and analyzing the
impact force, displacement, and overall deformation characteristics of different positions of the arc steel gate support
arms. The results show that the gate failure process begins with out-of-plane buckling of the impacted support arms or
their diagonal bars, followed by the movement of the gate towards the hinge support on the side close to the unstable
support arm, causing the hydrostatic load borne by another support arm to instantaneously increase and be crushed,
ultimately leading to the overall instability and failure of the gate. With the increase in the mass and impact energy of
the floating debris, the force and displacement experienced by the impact position increase accordingly. With low
impact energy, even if the stress at the impacted part of the support arm exceeds the yield stress of the steel, the gate
still has a certain degree of stability; the maximum impact energy that different parts of the gate arm can withstand
varies significantly, and the position of the impacted arm near the hinge support is prone to cause structural instability
and failure of the gate; the higher the head of water above the weir, the easier it is for the gate arm to become unstable
when impacted. The research results can provide a reference for the safety assessment when the gate is impacted and for
identifying the components of the gate most prone to instability.

Key words: arc steel gate; steel gate support arm; dynamic response; hydrostatic pressure; equivalent stress
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