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Analysis of Flexural Bearing Capacity of Lightweight Prefabricated
Large-Cantilever Corrugated Steel Web Bent Caps

DANG Yufei', LI Feiran’, YUAN Bo’, JIA Junfeng'

(1. Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education,
Beijing University of Technology, Beijing 100124, China;
2. Henan Provincial Zhonggong Design and Research Institute Group Co. Ltd. , Zhengzhou 451450, China)
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2. Ordos Power Supply Company, Inner Mongolia Power Group, Ordos 017000, China;
3. Shanghai Aerospace Electronics Co. Ltd. ., Shanghai 200000, China)

Abstract: To meet the urgent demands for miniaturization and broadband performance in VHF/
UHF military communications, a helmet-conformal ultra-wideband wearable antenna based on a
polyimide flexible substrate was designed. The ellipsoidal helmet was equated to a sphere with a radius
of 11. 15 cm using the equal volume method, and based on this, a physical size constraint of 120 mm X
110 mm X 4 mm was established. The antenna originated from a planar monopole structure and was fed
by a coplanar waveguide. Through the systematic optimization of key geometric parameters including
the patch length, width, and bottom corner angle using the control variable method, excellent
impedance matching was achieved. Simulation results based on the HFSS platform indicate that the
antenna operates across the 70~900 MHz band, maintaining return loss S;;, << — 10 dB and VSWR<2
throughout the entire range. The radiation patterns exhibit stable horizontal omnidirectionality in both
E and H planes. Surface current distribution analysis reveals the adaptive mechanism of the current path
evolving with frequency. Furthermore, a cylindrical bending model verifies the conformal robustness of
the antenna under helmet curvature. This design balances small size, light weight, and radiation
stability, providing an efficient engineering solution for military wearable communication devices.

Key words: VHF/UHF bands; military helmet; conformal antenna; miniaturization; surface current
analysis
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Abstract: To address the engineering challenges of traditional large-cantilever concrete bent caps,
including excessive self-weight, difficulties in transportation and lifting, and the difficulty in achieving
integral prefabricated assembly, a lightweight prefabricated large-cantilever bent cap structure with
corrugated steel webs has been proposed in previous study, and a full-scale static loading test in the
elastic stage has been completed. In this study, an ABAQUS finite element model of the large-cantilever
bent cap structure with corrugated steel webs was established, and its accuracy was validated against the
experimental results. On this basis, a parametric analysis was conducted to evaluate the effects of
concrete strength, prestressing tendon reinforcement level, and corrugated steel web thickness on the
flexural bearing capacity and mechanical performance of the structure. Additionally, the flexural bearing
capacity was verified using current design code methods. The research results indicate that under the
ultimate state, the structure exhibits a typical tension-controlled flexural failure mode with good
ductility. Increasing the concrete strength provides limited enhancement to the peak bearing capacity.
When the concrete strength grade increases from C50 to C60, the peak bearing capacity increases by
2.9%, and when it increases from C60 to C70, the capacity only increases by 1.9%. The diameter of
the prestressing tendon is the dominant factor controlling the bearing capacity. Increasing the tendon
diameter from 12.7 mm to 17. 8 mm results in a significant 14. 7% enhancement in the peak bearing
capacity. Under the premise of satisfying local stability, the web thickness has a minor influence on the
ultimate flexural bearing capacity, indicating that the flexural and shear mechanical mechanisms of the
structure are relatively independent in the ultimate state. A comparison between the code-based
verification results and the finite element analysis results demonstrates that the flexural bearing capacity
of this type of structure possesses an average safety factor of approximately 1. 34, indicating that the
calculation results are conservative and reliable.

Key words: lightweight prefabricated bent caps; large-cantilever bent caps; corrugated steel web;

flexural bearing capacity; full-scale test; numerical simulation model



