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Abstract: Fragility assessment is paramount in the pursuit of performance-based design for column-
supported silo structures. In this study, a reinforced concrete column-supported silo was selected as
the research object. Using the finite element software ABAQUS, both concrete damage plasticity
model and Drucker-Prager ideal elasto-plastic model were utilized to simulate the silo structure and the
grain particles, thus establishing a nonlinear finite element model that accounted for the interaction be-
tween grain and structure. Following the incremental dynamic analysis (IDA) method, 10 seismic re-
cords were selected based on spectral compatibility principles. The maximum inter-story drift ratio and
peak ground acceleration (PGA) were respectively taken as the engineering demand parameters for silo

structure and seismic intensity parameters. Seismic fragility analysis and seismic damage risk assess-
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ment for three grain storage conditions, i.e., empty, half-full, and full, were conducted. The results
show that: (1) The maximum inter-story drift ratio of the column-supported silo structure occurred at
the top of the column under all three grain storage conditions, with inter-story drift ratios of 0.015,
0.013 and 0.011 radians corresponding to the plastic state of the support columns; (2)The mass of
stored grain was a pivotal factor determining the degradation of structural stiffness in column-support-
ed silo structure; (3) The column-supported silo structure under the three grain storage conditions met
the seismic design objective of " no damage in minor earthquakes, reparable damage in moderate earth-
quakes, no collapse in major earthquakes "; (4) The probability of exceeding the collapse limit state for
the silo under full storage condition over a 50-year period was 0.45% , comfortably below the 1%
threshold defined in FEMA P750 for a 50-year collapse risk. These research results offer a foundation
for performance-based design and seismic performance evaluation of silo structures.

Keywords: column-supported silo; incremental dynamic analysis; fragility assessment; finite element

model; grain particles
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Fig.1 Schematic diagram of the model
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Table 2 Parameters of stored-grains
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Fig.2 Finite element analysis model of silo structure
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Table 3 Comparison of silo’s natural frequencies under

different grain storage conditions
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Table 4 List of earthquake ground motions used for IDA of the silo
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Fig.3 Comparison between selected seismic Response Spec-
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Table 5 Limit value of inter-story drift ratio of the silo

under different damage limit states
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Table 6 Relationship between failure level and limit state
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Table 7 Seismic fragility matrix of the silo under different

grain storage conditions
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the silo Table 9 Silo damage risk
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