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Abstract: Against the background of global low-carbon energy transition and rapidly growing
demand for energy storage, stacked gravity energy storage represents an environmentally
friendly and flexibly deployable physical energy storage technology with important strategic
value and promising engineering prospects. This paper presents a progressive comparative
study on the structural design of stacked gravity energy storage systems. Three layout
schemes, namely shuttle-type, zonal, and parallel configurations, are proposed and
comprehensively compared in terms of land occupation, steel consumption, inter-story drift
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ratio, and economic performance under a rated capacity of approximately 100 MWh. Based
on the optimal parallel layout, four structural material systems, including concrete, steel, steel-
reinforced concrete composite, and concrete-filled steel tubular structures, are further
evaluated. To improve the insufficient lateral stiffness of conventional frame structures, two
lateral force-resisting systems, frame-shear wall and frame-brace systems, are also
compared. The results show that the parallel layout achieves the best overall performance
among the three layout schemes. The composite system consisting of steel-reinforced
concrete columns and concrete beams exhibits superior structural and economic performance
among all material schemes. Furthermore, the frame-brace system is the most suitable lateral
resistance solution for such structures. The integrated structural scheme adopting parallel
layout, steel-reinforced concrete columns and concrete beams as the primary load-bearing
system, and frame-brace lateral resistance can effectively balance structural performance,
functional requirements and economic efficiency, while satisfying the safety and operational
requirements of gravity energy storage projects. The outcomes provide a feasible design
reference for future engineering practice.
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reinforced concrete column; frame-brace system
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Fig. 2 Schematic diagram of zone-based layout
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Table 2 Regularity and continuity index of structural
lateral force resistance system
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Table 3 Seismic and wind resistance performance index of structural lateral force resistant system
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Table 4 Preliminary economic evaluation of
structural lateral force resisting system
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