
https://doi.org/10.2749/newyork.2019.1011

Distributed by Structurae

Collapse Simulation of Damaged Reinforced Concrete Frame Structures 
in Earthquakes 

Yang YANG 

Mr 

College of Civil Engineering, 
Tongji University, Key 
Laboratory of Performance 
Evolution and Control for 
Engineering Structures of 
Ministry of Education, Tongji 
University 

Shanghai, China 
1310207@tongji.edu.cn 

Ph.D. Candidate, mainly research 
on structural collapse and 
numerical simulation 

Xianglin GU 

Professor 

College of Civil Engineering, 
Tongji University, Key 
Laboratory of Performance 
Evolution and Control for 
Engineering Structures of 
Ministry of Education, Tongji 
University 

Shanghai, China 
gxl@tongji.edu.cn 

Professor, mainly research on 
life-cycle analysis of structures 
and numerical simulation 

1 Abstract 

A simulation system based on the discrete element method (DEM) was developed to simulate the collapse 
behavior of damaged reinforced concrete (RC) frame structures in earthquakes. A frame structure was 
discretized into beam-column-joint discrete system according to its failure mode. The elements were assumed 
to be cuboid, and a group of concrete springs and steel bar springs were set between two adjacent elements 
to represent their interactions. The failure of material was initiated by fracture of springs, and the impact 
actions among separated components were considered. Using the simulation system, the full-range collapse 
process of an RC frame, including debris stacking, was visually simulated. The efficiency of the system was 
verified by comparing the simulated collapse behavior with that observed in a collapse experiment. A new 
method, in which concrete springs and steel bar springs were cut off in advance to simulate the respective 
initial imperfection, was proposed to model earthquake-induced damage states of RC frame structures. Then 
displacement loadings were conducted to form the respective damage states. Finally, a parametric analysis 
was conducted to investigate the collapse processes of the RC frame with different scenarios of initial damage. 
The results indicated that the initial damages on columns were of greater influence on collapse patterns than 
the initial damages on beams, and the residual interstory drifts were nonnegligible in evaluating the structural 
collapse resistance. 
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2 Introduction 

After an earthquake, in order to conduct searching 
and rescue, it is necessary to enter the post-
earthquake regions and even into the damaged 
buildings as soon as possible. But the further 
collapse of damaged buildings in the aftershocks 
often produced more casualties [1] and blockading 
roads. Therefore, the safety of the damaged 

buildings should be evaluated, but the evaluation 
results were greatly influenced by the evaluator’s 
experience [2]. To study the collapse resistance of 
the damaged buildings [Fig.1], the numerical 
analysis of the damaged structure under 
earthquakes was needed to be developed. However, 
existing studies of the numerical analysis are 
focused on intact structures. The discrete element 
method (DEM) was developed in structural collapse 
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