
[SET Journal of Earthquake Technology, Paper No. 407, Vol. 37, No.4, December 2000, pp. 165-197 

AMBIENT VIBRATION TESTS OF STRUCTURES-A REVIEW 

S.S. Ivanovic·, M.D. Trifunac·· and M.I. Todorovska··· 
• Assistant Professor, Civil Eng. Dept., Vniv. of Montenegro, Podgorica 81000, Montenegro, Yugoslavia 

•• Professor, ••• Research Associate Professor 
Civil Eng. Dept, Univ. of Southern California, 

Los Angeles, CA 90089-2S31. USA 

ABSTRACT 

A literature review on the subject of ambient vibration testing is presented, along with a review of a 
recent study to illustrate sta~f-the-art in the application of the ambient vibmtion method. Reports 00 

testing of full-scale structures by the ambient vibration method began to appear regularly around 1970, 
with about 3/4 of all contributions devoted to the experiments in buildings, dams, chimneys and silos, and 
about 114 to bridges. Since 1985, there are only about 3 papers per year, world-wide, dealing with this 
subject. The reviewed study is of a seven-story reinforced concrete building in Van Nuys, California, 
damaged by the 17 January 1994 Northridge earthquake and its early aftershocks. Two detailed ambient 
vibmtioo surveys were conducted soon after the earthquake. The apparent frequencies and two- and three
dimensional mode shapes for longitudinal, tmnsverse and vertical vibrations are presented in this paper. 
The attempts to detect the highly localized damage by simple spectml analyses of the ambient noise data 
were not successful. It is suggested that very high spatial resolution of recording is required to identify 
localized column and beam damages. The loss ofaxia! capacity of the damaged columns could be seen in 
the vertical response of the columns, but similar modemte or weak damage typically would not be noticed 
in ambient vibration surveys. 
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INTRODUCTION 

The models used in dynamic analyses of structures are idealizations created to represent the response 
of real structures to various dynamic loads (strong earthquake shaking, strong winds, explosions etc.). 
These models can be verified by conducting full-scale ambient and forced vibmtioo experiments (Hudson, 
1970a; Hudson et al., 1972; Trifunac and Todorovska, I 999a). Both of these can be used to identify the 
structural characteristics (frequencies of vibration, damping ratios and mode shapes). 

The ambient vibration tests describe the linear behavior of structures, since the amplitudes of 
vibratioo are small. They can be used also to describe the linear behavior of damaged structures and of 
their components, and can help in developing time and amplitude-dependent structural models and 
analysis algorithms, for use in structural health monitoring and in structural coutrol studies. Therefore, 
the development of experimental methods for in-sito measurement of full-scale partially damaged 
structures is of considemhle interest (Ivanovic et al., 19990, 1999b, Trifunac et al., 2000a, 2000b). An 
advantage of the ambient vibration over the forced vibration surveys is that usually only light equipment 
and smaller number of operators are required. The sources of excitation are wind, microtremors, 
microseisms, and various local mndom and periodic sources. 

The forced vibmtion tests may require large forces to produce useful (larger) response amplitudes of 
full-scale structures. The vibration genemtor (a shaker) is usually located on top of the building. This 
leads to more prominent excitation of the modes of vibration that have large amplitudes at the higher 
levels of the structures. Also, the paths of waves propagating through the structure are different from 
those in case of earthquake ground shaking, ambient noise, or wind excitation, and cautious interpretation 
of the fesuIts is required to take such differences into account (Luco et al., 1975, 1986, 1987, 1988). 


































































