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Chile (2010), Tohoku (2011) and Christchurch
(2011) were particularly devastating earthquakes.
Evaluating the damage of key buildings is a
difficult and time-consuming task. The purpose of
this project is to develop a structural damage
classifier using support vector machines. The
classifier will be able to predict the postearthquake damage state, given the building
features and input ground motion. The ultimate
purpose of this classifier is to accelerate postearthquake damage evaluation of critical
buildings. This will allow faster recovery time and
decrease financial losses expected from
downtime and repair.

1. Features
Building Features

Ground Motion Features

Mass, M

Peak ground acceleration, PGA

Stiffness, K

Ground motion energy, EA

Height, H

Predominant period, TSA

Fundamental Period, Tn

Ground motion type

Yield strength, Fy

Fourier amplitude, AF

Damping, ξ

Median acceleration, a

3. Kernel Selection

A large set of simulated data was collected using
dynamic nonlinear response history analysis.
Using cross-validation, the data was divided into
training and test sets. The performance of the
SVM is impressive, given the complexity of
nonlinear dynamic structural analysis.
• Using k-means clustering, each ground motion
is categorized based on frequency content
• The most influential feature is the correlation
between the fundamental period and the
earthquake type

2. Earthquake K-means Clustering
The cubic kernel outperforms both the linear and
the Gaussian kernels.

4. SVM Results
Data is generated using nonlinear dynamic
analysis on 675 archetypical buildings and 200
ground motion records. Newmark’s average
acceleration method is chosen as the direct
integration scheme with a Newton-Raphson
algorithm for the nonlinear convergence.

• The optimal kernel is the cubic kernel
• A preliminary safety evaluation of a building is
possible using this damage state classifier

• Damage state classification algorithm for
nonstructural elements
• Community and city-wide expected financial
loss estimation based on earthquake
probabilities in the region
• K-means clustering applied to the response
spectrum of a building

Predicted
Actual

For computational efficiency, the original multidegree of freedom (MDOF) structure is converted
to an equivalent single-degree of freedom system
(SDOF). The structural damage is evaluated
based on the maximum inter-story drift ratio.

Ground motion records tend to fall into one of
several categories, based on the magnitude, local
soil type, and fault distance. Each ground motion
category has a relatively distinct frequency
content. Using k-means clustering, the earthquake
records are subdivided into 6 different types based
on the Fourier spectrum.

The support vector machine classifier was trained
and tested on the extracted data using crossvalidation with a 70/30 split. Training labels were
reproduced with an accuracy of 89.1%. A drift ratio
of 3% was set as the severe damage cutoff line. A
cross represents a predicted severe damage.

• Active base-isolation using machine learning
for optimal structural control

Damaged

Undamaged

Damaged

10,802

2,712

Undamaged

1,081

25,921

Stanford University Memorial Church after the San Francisco
1906 earthquake
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