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Abstract. A new adaptive dynamic multi-grid method is developed for simulation on evolving 
damage in concrete column under seismic loading. The method should possess adaptive capability 
in order to carry out automatically coupling analysis without user intervention in the computation. 
As a case study of the method, the process of evolving damage to failure of a concrete column 
under seismic loading is simulated, and the simulated results fit well with the experiment. It shows 
that, the developed method can be used to reveal the seismic failure mechanism of concrete 
structures by considering the dynamic coupling process from material damage in concrete of stress 
concentration zone to local failure in vulnerable component and eventually to structural failure 
with the adaptive capability as well as better computational efficiency. 
Keywords: adaptive multi-grid, dynamic, damage, seismic, concrete column. 

1. Introduction 

The failure of the engineering structures due to earthquake will inevitably lead to disaster 
results. So the study on seismic damage and failure mechanism of engineering structures has 
attracted the attention of researchers and engineers, especially for concrete structures which are 
widely used in civil engineering structures due to its good qualities and low cost. Many works 
have been done on the seismic analysis of engineering structures. Zhou studied the nonlinear 
dynamic seismic responses of the large-span RC frame structures [1]. Yan investigated the seismic 
performance of rigid frame bridges using the numerical method [2]. Scotta proposed two series of 
indexes, which respectively are Global Damage Indexes (GDIs) and Section Damage Indexes 
(SDIs). They are respectively to evaluate seismic performance of overall structure and RC 
beam-column sections [3]. Ghobarah proposed a method for damage assessment of structures 
under seismic loading based on the change in stiffness of the structure, which is better suited for 
non-linear structural analysis [4]. 

In reality, the seismic damage and failure of concrete structures appears as an irreversible 
process from material damage in concrete of stress concentration zone to local failure in vulnerable 
component and eventually to structural failure. But the few previous methods can describe the 
trans-scale process.  

Therefore, a new adaptive multi-grid method is developed to simulate the process from 
material damage evolution to failure of concrete structures with lower cost for better 
understanding the seismic failure mechanisms of concrete structures. 

2. Strategy for the adaptive multi-grid method 

2.1. Description on concrete damage evolution in the method 

In the method, the degradation of the properties of material is described using a damage 
variable based on the concept of continuum damage mechanics (CDM). Here famous Mazars 
damage model is adopted and coupled in the method to describe concrete damage evolution. And 
the model can be written as [5]: 
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ܦ = ቐ0, ߝ ≤ ௣,1ߝ − ௣ሺ1ߝ − ߝሻܣ − ߝ൫ܤexpൣܣ − ௣൯൧ߝ , ߝ > ,௣ߝ (1)

where ߝ௣  is the strain threshold of damage, ܣ ܤ ,  are model parameters, ߝ = ට∑ ௜ۧଷ௜ୀଵߝۦ   

௜ۧߝۦ) = |௜ߝ| + ௜ߝ 2⁄  .(௜ is the principal strainߝ ,

2.2. Adaptive grid-change criteria 

In the developed method, the elements can adaptively be refined based on damage state of the 
element. In order to achieve this, adaptive grid-change criteria is coupled in the method, as shown 
in Fig. 1. 

a) Initial FE model consists only of coarse grid 
 

b) FE model consists of multi-grid 
Fig. 1. Adaptive grid-change criteria 

2.3. Flow chart of the developed method 

The flow chart of the method is given in Fig. 2. Using the developed adaptive multi-grid 
method, the process from evolving material damage to structural failure can be described. And FE 
elements can be refined to smaller scales adaptively due to accumulation of damage for better 
effective.  

3. Dynamic simulation on seismic damage evolution of a concrete column and experimental 
verification 

In order to study the seismic failure mechanism of concrete structures, collapse experiments 
of concrete columns under cyclic loading were carried out by Tsinghua University [6]. As a case 
study of the method, the dynamic damage evolution of the concrete column under seismic loading 
is simulated under the specified experiment condition and compared with experiment, as shown 
in Fig. 3. The results of simulation agree well with the experimental results, which imply that the 
method is reliable in simulation on dynamic evolving seismic damage and failure in concrete 
structures. 
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Fig. 2. Flow chart of the adaptive multi-grid FEM 

 
a) Calculation result at the cycle ratio 

 
b) Experimental result at the cycle ratio 

Fig. 3. Comparison between calculation and experimental results 
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4. Conclusions 

1) A new multi-grid method is developed for simulating the dynamic process from damage 
evolution up to failure in concrete structures under seismic loading.  

2) Another feature of the proposed multi-grid FEM method is that the FE elements can be 
refined adaptively due to damage accumulation. The adaptive capability enables the mesh of the 
computational domain to be refined automatically more precisely while the damage in the area is 
more severe, without user intervention. 

3) The developed method has been successfully applied to simulate the dynamic seismic 
damage process of a concrete column. And the simulated results fit well with the experiment. 
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