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Damage potential: amplitude, frequency content, duration 

Main factors affecting strong ground motion  
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Effects of magnitude 

 
 

Damage potential 

 

Accelerograms recorded in Guerrero, 
Mexico, from earthquakes of several 
magnitudes (from Anderson and 
Quaas, 1988) 

Fourier Ampl. 
Spectra of the 
accelerograms. 
Circles identify 
approximate 
corner frequen-
cy. (from An-
derson and 
Quaas, 1988) 

PSV response spec-
tra of the accelero-
grams. (from Ander-
son and Quaas, 
1988) 

SEVERITY 
Earthquake damage 
potential 

 

Capability of a given 
ground motion of in-
ducing structural 
damage structural 
damagetructural 
damage DURATION 

Peak values (PGA, PGV, PGD) 

arms, Arias Intensity 

Power Spectral Density (PSD) 

Housner Intensity  

Response Spectrum 

Effective Peak Accel. (EPA) 

Fourier Spectrum 

Power Spectral Density (PSD) 

Housner Intensity 

Response Spectrum 

Effective Peak Accel. (EPA) 

Definitions of duration 

arms, Arias Intensity 

Power Spectral Density (PSD) 
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The severity of a given ground mo-
tion is not simply defined and varies 
also with the type of structure being 
considered. Unfortunately no single 
parameter has proved to be an ac-
curate indicator of ground motion 
damageability. Different parameters 
are helpful but “establishing a sim-
ple and accurate relation is an un-
realistic goal” (Jennings,1985). 

STRONG MOTION 
PARAMETERS 

AMPLITUDE 

FREQUENCY CONTENT 
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Variability of ground motion 

 
 

Peak values 
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The simplest, most easily obtained and most widely used 
strong-motion parameter is the peak ground acceleration 
(PGA). The PHA (Horizontal) occurs in most recordings in 
the S wave portion with predominant frequencies between 
3 and 8 Hz.  

The PVA (Vertical) occurs sometimes in the P wave and 
sometimes in the S waves with predominant frequencies 
between 5 and 20 Hz.  

PGA relates only to one isolated peak within a record and 
it’s a rather poor parameter for characterising the motion. 
At the same time, it does not correlate well with the damage 
potential of the shaking, although it does seem that a value 
of above 0.2g is required for the motion to be potentially 
damaging to engineered structures. 

The peak values of ground velocity (PGV) and ground dis-
placement (PGD) can also be used to characterise the 
ground motion.  

PGV is a better indicator of damage potential than PGA. It is 
associated with longer period motion and can be easily as-
sociated with energy because kinetic energy is proportional 
to the square of velocity. 

Peak displacements are associated with the lower frequen-
cies and are often difficult to determine accurately due to 

signal processing errors (long period noise). 

Accelerograms from 
various earthquakes 
and recording sites, il-
lustrating the variability 
in the nature of strong 
ground-motion (Hud-
son, 1979). 
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Correlation PGA-Intensity 

 
 

 

Arias Intensity and Root Mean Square Acceleration 

The damage caused to structures by ground shaking is ultimately related to the energy in the 
motion that is input to the structure; if the structure cannot dissipate this energy through 
damping, then it will be absorbed through cracking and inelastic deformations. Therefore, pa-
rameters that are related to the energy in the accelerogram can be useful indicators of the 
destructive potential of the ground motion.  

 

One such parameter is the Arias intensity, AI (Arias, 1970). The Arias intensity is defined 
as:  

 

 

 

 

 

 

where a(t) is the acceleration time history of total duration T and A(w) is The Fourier Ampli-
tude Spectrum. AI has units of velocity (cm/s) and is proportional to the total energy input 
of an infinite set of undamped linear oscillators. 

 

 

 

 

 

0.01

0.1

1

10

4 5 6 7 8 9 10 11 12

MMI

P
G

A
 (

g
) 

 

PGA can be correlated to 
macroseismic intensity. Alt-
hough data are very scat-
tered and correlations are 
very fare from precise, they 
are very useful when only 
intensity information is 
available (pre-instrumental 

earthquakes) 
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Sabetta et al .MCS ('98) Margottini MCS loc.('87)

Wald et al. MM ('99) Slejko Friuli MM ('06)

mappe hazard INGV Faccioli-Cauzzi MCS-EMS ('06)

PGA(g) =10^(-1.33+0.2*IMCS)/9.8 
(Cauzzi Faccioli 2006) 

 

Vertical accelerations have received less attention 
than horizontal ones, because the gravity-induced 
vertical force is already considered in design. 

For engineering purposes PVA is often assumed to 
be 2/3 of PHA. The ratio PVA/PHA has been recent-
ly observed to be greater than 2/3 for near source 
moderate/ large earthquakes  and less than 2/3 for 
large distances. 
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Another widely used parameter is the root-mean-square acceleration, arms  

 
 

 

Fourier Spectra 
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Fourier Amplitude 
Spectrum (FAS) 

Phase Spectrum 

Since phase angles control the times at 
which the peaks of motion occur, the Fou-
rier phase spectrum influences the varia-
tion of ground motion with time. Fourier 
phase spectra do not display characteris-
tic shapes. 

(after Kramer, 1996) 
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Response Spectra 

 
 

 
 

Response spectra reflect strong ground 
motion characteristics indirectly since 
they are filtered by the response of the 
oscillators. The amplitude, frequency 
content and to a lesser extent, duration 
of the input motion all influence spectral 
values. 

T=0.1 
s 

T=0.5 
s 

T=2 
s 

Ground motion 

If a series of linear damped oscillators (SDOF), 
with a given level of damping, are all subjected 
to an acceleration time-history acting at their 
base, each mass will respond differently ac-
cording to its natural period. 

The response spectrum is the most important characterisation of seismic ground-
motion in earthquake engineering and forms the basis for most design and analysis 
of structures.  

 

T(sec) 

a (g) 
2% damping 

 damping 

5 % damping 

The response spectrum represents the maxi-
mum absolute response amplitudes of each 
oscillator, expressed in terms of displacement, 
velocity, or acceleration, plotted as a function of 
the period or the natural frequency of the oscil-
lators for different levels of structural damping. 

For reinforced concrete structures it is usually 
assumed that the damping can be taken as 5% 
of critical. 
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Elastic response spectra of absolute accelera-
tion of four accelerograms: 1 – Peru 1974, 2 – 
Yugoslavia 1979, 3 – Romania 1977, 4 – Mexi-
co 1985 (Bommer, 2001a).  

Four accelerograms with identical values of PGA 
(Bommer, 2001a).  

 

Three different spectra can be defined according to how the response of each SDOF is measured: 
relative displacement, relative velocity or absolute acceleration. At zero period the spectra of 
relative displacement and relative velocity are equal to zero since for an infinitely rigid oscillator there 
is no vibration. At zero period the relative acceleration is also zero and the absolute acceleration is 
equal to the maximum acceleration of the ground. This is a very important point to grasp: the re-
sponse spectrum of absolute acceleration anchors at PGA at T=0, as can be appreciated from 
the above Figure: despite their very significant differences, all of the spectra converge to 0.18g at the 
period T=0.  
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Design spectra 

 
 

Fundamental period of different structures 

 

T(sec) 

a (g) 

PGA 

Envelope of elastic response 
spectra obtained from strong 
ground motion recordings used 
to design buildings, plants and 

facilities. 

 
 

For design purposes, it is desirable to obtain shapes that represent the general shape of the 
spectra, either the envelope of the peak ordinates or their average. Such a smoothed spectral 
form can be obtained by collecting several records from similar sites and from earthquakes of 
comparable size, then normalising them by linear scaling so that they anchor to the same value 
of PGA. By taking the average ordinate at each period it is possible to obtain a smooth spectral 
shape that is representative of the site conditions corresponding to the accelerograms.  

 

 

 

 

 

 

It is then possible to obtain the spectrum for a particular design situation by estimating 
the design value of PGA and then anchoring the smoothed spectral shape to this value. 
This is in fact the procedure used in most seismic design codes 



Corso di Sismologia  6. Caratt. Ing. – Effetti di sito 

F. Sabetta  6 11 

Housner Intensity 

 

Duration 

The importance of strong-motion duration in earthquake engineering is the focus of several 
research projects and a topic of much debate. Duration becomes particularly critical in 
non-linear structural analysis, when strength or stiffness degradation occurs, and in 
the evaluation of liquefaction potential due to the increase of porewater pressure in 
saturated soils. 

The response spectrum gives no information about the strong-motion duration be-
cause the linear oscillators reach the maximum amplitude after a small number of cycles (3-
10) and so the response spectrum is the same regardless the duration of motion 

 

 

Bracketed and Uniform Duration 

For engineering purposes only the strong motion portion of the accelerogram is of interest. 
The problem is that there is no universally accepted definition of duration and reference is 
frequently made to it without specifying how the duration is defined.  A good review of differ-
ent definitions of duration can be found in Bommer and Martínez-Pereira (1999). 

 

The main definitions that have been put forward can be grouped into three categories: 
bracketed, uniform and significant durations.  

The bracketed duration (Bolt, 1969) is defined as the time interval between the first and 
last exceedances of a defined threshold level ao of acceleration  (usually 0.05 g). A dis-
advantage of this definition is the subjectivity in the choice of ao  (it can be absolute or relative 
e.g. 10%, of PGA). 

The uniform duration (Sabetta, 1983; Sarma &Casey, 1990) is explained in a similar way to 
the bracketed duration except that instead of being the complete interval between the 
thresholds it is defined as the sum of the intervals during which the acceleration is 
above the threshold ao. This definition is less sensitive to the threshold level than the 
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bracketed duration but it has the disadvantage of not defining a continuous time window dur-
ing which the shaking can be considered strong.  

 

Significant Duration and Husid ratio 

The significant duration is determined from the build up of Arias intensity: Husid (1969) 
proposed to plot the build up of AI versus time with the use of a normalized variable known 
as Husid Ratio H(t)=100xAI(t)/Ai. The Trifunac and Brady (1975) widely used definition is is 
based on the time interval between the points at which 5% and 95% of the total AI has been 
recorded. 

 
 

A disadvantage of this 
definition is that it is 
“cumulative” and without 
threshold and can result 
in an overestimation for 
records of small ampli-
tude or with small sub-
events occurring after 
the the main shock. 
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Comparison of different definitions of duration 

 
 

Effect of Duration on damage potential 
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Time (h:m:s) 

Ancona Earthquake 6/14/1972 

recorded at Rocca  PGA= 0.62 g 

Irpinia Earthquake 11/23/1980 

recorded at Calitri  PGA= 0.16 g 

Which accelerogram carries the highest 

damage potential ?  
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Effective peak acceleration (EPA) 

The concept of effective peak acceleration (EPA) has been introduced to mitigate the ef-
fect of excessively high PGA associated to very short durations and high frequency (gen-
erally small magnitude close earthquakes) having little effect on structural damage.  

There is actually much confusion about the concept of EPA and there is no universally ac-
cepted definition, although the most widely used is that given by the Applied Technology 
Council (1978) as the average spectral acceleration over the period range 0.1 - 0.5 sec 
divided by 2.5 (the standard amplification factor for a 5% damping spectrum). The effective 
peak velocity (EPV) was defined as the average spectral velocity at a period of 1 sec di-
vided by 2.5. EPA and EPV have been used in the specification of smoothed design re-
sponse spectra in building codes. 
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Effects of local site conditions on ground motion 
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EXAMPLES: Amatrice 2016 seismic sequence 
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EXAMPLES: Mexico City, 1985 earthquake  
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EXAMPLES: vertical accelerometric array of Nairmasu (Japan) 
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Evaluation of site effects 

 
 

1D, 2D, 3D Models 
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Properties of surface materials that affect ground motion  
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Frequency domain features of the resonance phenomenon 
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Estimation of f0 from H/V measurements of the ambient noise (Nakamura 
method) 
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Dynamic properties of soils  

 
 

 

 
 



Corso di Sismologia  6. Caratt. Ing. – Effetti di sito 

F. Sabetta  6 25 

Geotechnical and Geophysical investigations of soil properties 

 
 

Multichannel Analysis of Surface Waves (MASW) 
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Site response analysis 
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Spectral amplification 

 

Site effects and soil categorization: Vs30, EC8 European building code 

 

 


