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Collapse mechanism analysis and simulation of the entire
collapse process of a masonry structure house

Zhou Yun'®  Chen Jiahao'  Yi Weg’fi(ml‘z Zhu Mao®

Abstract: Aiming at a masonry house that collapsed after multiple structural modifications,
a comprehensive analysis of the force mechanics and collapse cause of such structure is
undertaken from three perspectives: static structural calculation, simulation of the entire
collapse process, and PS-InSAR deformation monitoring. Initially, for identifyving the most
vulnerable locations for potential house collapse, PKPM software and manual calculation is
employed to verify the static indicators of masonry walls, including the resistance-to-effect
ratio and height-to-thickness ratio. Furthermore, SAP2000 software is utilized to compute
axial forces on ground floor walls and columns under three operational conditions, both
before and after alterations and extensions of the house, thereby examining the mechanical

impact of structural modifications. Subsequently, a simulation method based on physical
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engine principle is employed to recreate the entire collapsing sequence. This simulation aid
can validate the initial failure locations and elucidate the collapse progression through a
comparative analysis of post-collapse debris distribution. Lastly, PS-InSAR deformation
monitoring technology is applied to reconstruct the decade-long trend of settlements and
deformations. The research results indicate that the unauthorized additional construction
increased the total load by 45.54% compared to the original structure, resulting in a
71.67% increase in axial forces in the second-floor 7XE axis columns, which directly
triggered the accident. The simulation results affirm that the collapse of the house
commenced when the second-floor 7 X E axis adjacent outer wall experienced extrusion
deformation and column compression failure. This led to the “tilted” collapse of the third
floor and above towards the east, followed by a “falling” trajectory after impacting the
neighboring structure to the east. PS-InSAR monitoring results demonstrate that the building
remained relatively  stable in  terms of deformation before the additional
construction. However, noticeable sinking trends emerged post-addition, with continuous
deformation development ultimately culminating in complete collapse.

Keywords: progressive collapse; static analysis; physics engine; simulation; PS-InSAR;

failure analysis
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B1 BEEESIRE
Fig.1 State of the structure before collapse
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Fig.3 Schematic diagram of signs of damage to

walls and columns on the east side of the second

floor prior before collapse
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Fig.4 State of the structure after collapse
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Fig.5 Overall and first floor wall damage to

adjacent houses on both sides
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