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Evaluating the likelihood of damage in buildings undergoing earthquake actions is a difficult and time-

consuming task.  In the context of Performance-Based Earthquake Engineering (PBEE), an intensity measure 

(IM) provides a link between the probabilistic seismic hazard analysis and the probabilistic structural response 

analysis [1-2]. The purpose of this study is to develop a structural damage classifier and improve current 

prediction on the basis of a given intensity measure and different supervised machine learning algorithms [3]: 

Support-Vector Machine (SVM), Logistic Regression (LR) and Random Forest (RF). 

     In particular, the efficiency of four different IMs for estimating the seismic response of three different kind 

of buildings is evaluated, namely peak ground acceleration (PGA), spectral acceleration evaluated at the 

principal period T1 (Sa(T1)), average spectral acceleration Sa,avg, filtered incremental velocity (FIV3) [4]. The 

classifier will be able to predict the post-earthquake damage state, given the geometry of the building and the 

intensity of the ground motion input. In particular, the purpose of this classifier is to accelerate post-earthquake 

damage evaluation of critical buildings. This will allow faster recovery time and decrease financial losses 

expected from downtime and repair. 

     A focus is made on three different buildings typologies that can be used to represent the majority of the 

building stock in the city of Ferrara (Itay). A schematic representation of the chosen building typologies is 

depicted in Fig. 1: one and two-story houses, low-rise buildings (3-6 stories), medium-rise buildings (8-15 

stories).  

 

 

 

Figure 1. Types of buildings. On the left, real buildings. On the right, reduction into SDOF-systems 

 



The right panel in Fig. 1 shows the way in which these real structures can be simplified into single degree of 

freedom (SDOF) systems, characterized by their corresponding period of vibration (T), lateral strength (Fy), 

and damping ratio (ξ). The lateral strength of each system was chosen such that the proportion of collapses of 

each SDOF is around 5%. 

     We will focus on these simplified systems with T=0.1s, 0.5s, 1.0s while ξ will be kept equal to 5% as 

usually done in practice. The force-displacement behavior of the simplified models was based on common 

structural engineering parameters, having a bilinear form with a post-yield stiffness ratio of -2%.  

The dataset is built from the outcomes of nonlinear dynamic analyses on the three oscillators for an unbiased  

set of 274 different input ground motions. 

     Using the app MATLAB Classification Learner, we create an analytic model to classify the various samples 

(buildings) in two categories, respectively representatives of a state of collapse or non-collapse.  

     We evaluate the precision of the model by analyzing the confusion matrix and calculating three different 

parameters for each of the two classes. Using the collected parameters, we determine the predictive reliability 

of the selected IMs (Figs. 2-4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SVM. Accuracy vs Fundamental Period. On the left, elastic oscillator. On the right, elastic-plastic oscillator. 

Figure 3. Tree. Accuracy vs Fundamental Period. On the left, elastic oscillator. On the right, elastic-plastic oscillator. 

Figure 4. Logistic Regression. Accuracy vs Fundamental Period. On the left, elastic oscillator. On the right, elastic-

plastic oscillator. 
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