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Fig.4 Schematic diagram of the overall model of the anti-scour wall
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Analysis of the Safety and Stability of I-shaped Double-row Frame-type Anti-scour

Wall Structure

Hou Yuehua!, Zhang Yizhen?, Chen Zhipeng!,Yuan Chenyang?, Li Haitao!, Bai Weifeng?, Xie Yunfei?

(1. Beijing Jinhe Water Affairs Construction Group Co., Ltd, Beijing 102206, China; 2. North China University of Water
Resources and Electric Power, Zhengzhou 450046, China)

Abstract: [Objective] For the new type of anti-scour wall featuring an I-shaped cross-section, double-row arrangement
at the front and rear, and a spatial frame system formed by the top crown beam and tie plate, the mechanical response and
stability variation under different water level conditions are analyzed, providing a reference for the optimal design and
safety assessment of similar underground anti-scour structures. [Methods] Taking typical sections as the research object,
a three-dimensional finite element model is established to restore the initial stress field and construction process through
in-situ stress balance and step-by-step construction simulation. Seepage-stress coupling analysis is conducted under normal
water level, 100-year flood level, 200-year flood level, and 10,000-year flood level conditions, and anti-overturning and
anti-sliding stability calculations are performed according to relevant specifications. [Results] (1) The vertical
displacement of the structure decreases first and then increases with the rise of water level. Under the condition of a
10,000-year return period, the maximum settlement is 26.97 mm, and the overall deformation is controllable. (2) The
maximum tensile and compressive stresses of concrete increase with the rise of water level. The tensile stress increases
from 1.37 MPa to 3.02 MPa, and the absolute value of compressive stress increases from 2.10 MPa to 5.09 MPa. However,
the high stress area is limited to local nodes, and the stress level in most areas is relatively low. The maximum Mises stress
of reinforcement is always below 30 MPa, far below the yield strength, indicating sufficient strength margin. (3) Under
various conditions, the anti-overturning safety factor ranges from 1.52 to 1.67, and the anti-sliding safety factor ranges
from 1.88 to 2.02, both of which are greater than the specification limits, indicating sufficient stability margin.
[ Conclusion] The new I-shaped double-row frame-type anti-scour wall exhibits good safety and stability under both
normal and extreme flood conditions. Its spatial frame characteristics effectively enhance the overall anti-overturning and
anti-sliding capabilities. The coupled seepage-stress analysis method can provide a basis for the refined design of
underground anti-scour structures in similar river protection projects.
Keywords: seepage-stress coupling; extreme conditions; safety and stability; numerical simulation



