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Abstract  Strong ground motion parameters for Shillong plateau of northeastern India are examined. Empirical relations 
are obtained for main parameters of ground motions as a function of earthquake magnitude, fault type, source depth, velocity 
characterization of medium and distance. Correlation between ground motion parameters and characteristics of seismogenic 
zones are established. A new attenuation relation for peak ground acceleration is developed, which predicts higher expected 
PGA in the region. Parameters of strong motions, particularly the predominant periods and duration of vibrations, depend on 
the morphology of the studied area. The study measures low estimates of logarithmic width in Shillong plateau. The attenua-
tion relation estimated for pulse width critically indicates increased pulse width dependence on the logarithmic distance 
which accounts for geometrical spreading and anelastic attenuation. 
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1 Introduction  

Assessment of ground motion is the first step of 
earthquake damage assessment, and generally consists 
of mainly two processes (Nath et al, 2003). The first 
process is assessment of ground motion on engineering 
bedrock and the second process is assessment of site 
effects (Midorikawa and Kobayashi, 1979). When both 
the processes are calculated, ground motions at surface 
are evaluated. The estimation of ground motion parame-
ters through seismic treatment starts from following 
processes: 1 collection of strong ground motion records 
from local earthquakes, 2 estimation of dependence of 
ground motion parameters through empirical relations, 
3 estimation of source parameters of expected earth-
quakes, 4 estimation of confidence level of ground mo-
tion parameters, 5 design of synthetic accelerograms 
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related to expected earthquakes. 
There are several methods which can be used to 

obtain ground motion parameters. Mahdavian et al 
(2005) expressed that one possible way of specifying 
seismic effects is to obtain prognostic estimates of 
ground motion parameters by various methods using 
geologic, geophysical and seismological data. On the 
other hand, reliable estimate of seismic effects is impos-
sible without seismological data and strong motion re-
cords. There is no standard method for estimating seis-
mic effects with strong motion records from local 
earthquake. Duration of strong ground motion at a site is 
an important aspect towards ground motion characteri-
zation and estimation of seismic effect as well. Pertain-
ing to characterization of ground motion the amplifica-
tion factor for rocky site condition is higher at short pe-
riods and vice versa at long periods (Esteva and Vil-
laverde, 1974). In addition logarithmic width of the 
spectra and pulse width estimates are few tools for 
measuring variations in anelastic properties that are not 
affected by scattering or lateral reflections. These esti-
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mates are usually empirical equations, called attenuation 
relationships, which express ground motion as a func-
tion of magnitude, distance and sometimes other vari-
ables like type of faulting, rock types, etc (Mittal et al, 
2002). Such estimates of expected ground motion at a 
given distance from an earthquake of a given magnitude 
are fundamental input to earthquake hazard assessment. 

In this study, the methodology adopted by Aptikaev 
(1985) is used mainly to obtain the ground motion pa-
rameters. A network of eight numbers of stations (Table 
1) is under operation in the studied area (Figure 1), 
which is surrounded by few more stations not shown 
here. The result obtained from the processing of these 
data gathered in this seismic domain of northeastern 
India has proved helpful for the development of effec-
tive ground motion parameters. 

 

Figure 1 Map showing major tectonic features of Shillong 
plateau after Baruah and Hazarika (2008). F1: Oldham fault, 
F2: Chedrang fault, F3: Dudhnoi fault, F4: Dauki fault, F5: 
Dhubri fault. Triangles and solid circles denote the station 
locations and epicenters respectively. Each station is num-
bered as in Table 1. 

Table 1 List depicting station parameters in Shillong plateau 

No. Station name Station code Lat/°N Long/°E 
Eleva-
tion/m Site type Digitizer type Sensor type 

1 Tura TUR 25.550 90.333 305 Hard rock Reftek 72A-08 CMG-3T 
2 Goalpara GOP 26.117 90.417 75 Hard rock Reftek 72A-08 CMG-3T 
3 Jogighopa JPA 26.239 90.575 42 Hard rock Reftek 72A-08 CMG-3T 
4 Manikganj MND 25.924 90.676 40 Hard rock Reftek 72A-08 CMG-3T 
5 Nangalbibra NGL 25.472 90.702 330 Sandstone Reftek 72A-08 CMG-3ESP 
6 Boko BOKO 26.005 91.227 50 Hard rock Reftek 72A-08 CMG-3T 
7 Gauhati University GAU 26.152 91.667 69 Granite gneiss Reftek 72A-08 CMG-3ESP 
8 Shillong SHL 25.566 91.859 1 590 Quartzite sandstone Tauras Trillium 240 

 

2 Seismotectonics of the region 
The tectonic setting of the Shillong plateau is 

shown in Figure 1. The Shillong plateau in northeastern 
region, India is a part of the Indian shield that is sepa-
rated out from the peninsular shield and moved to the 
east by about 300 km along the Dauki fault (Evans, 
1964). The major geotectonic structures associated with 
this region are: the E-W Dauki fault to the south and 
N-S Dudhnoi fault connecting both the above faults. 
There are two major thrust faults in the Shillong plateau, 
namely, the Dapsi and Barapani thrust. The Dapsi thrust 
separates the Archaean to the north and Tertiary to the 
south, whereas the Barapani thrust separates the Ar-
chean to the west and the Proterozoic Shillong group to 
the east (Kayal and De, 1991; Kayal et al, 2006). The 
western side is characterized by a north-south trending 
Dhubri fault. In addition there is a south dipping hidden 
fault at the northern boundary of the plateau known as 
Oldham fault, proposed by Bilham and England (2001) 
and geologically the entire area has evolved during the 
Mesozoic to Tertiary time. The Shillong plateau consists 
of crystalline rocks which are partly covered by gently 

dipping Tertiary and younger sediments (Evans, 1964; 
Kayal and De, 1991). The complex geodynamics of 
Shillong plateau resulted in the great Assam earthquake 
of 1897 and the western part of Shillong plateau is the 
rupture area of this great earthquake. Chedrang valley 
and its vicinity in the western part of the plateau fall in 
the maximum intensity zone (Oldham, 1899; Rajendran 
et al, 2004) with the existence of Chedrang fault. 

3 Database 
We have used the ground motion records recorded 

by eight broadband stations as operated by NEIST-Jorhat 
and NGRI-Hyderabad in Shillong plateau and its vicin-
ity. The locations of the stations in the studied region are 
shown in Figure 1. Each station is equipped with 
three-component digital seismograph. The locations of 
the stations and their ground types are depicted in Table 
1. A total of 82 numbers of events are used in this study. 
To the present database, the uncertainties involved in the 
estimates of epicenters and origin times are of the order 
0−2 km and 0−0.5 s, respectively. The uncertainties in-
volved in the estimates of focal depths are 0−1 km for 
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85% and 1−2 km for 15% of total number of earth-
quakes located. The magnitudes (MD, duration magni-
tude) of the events range from 2.5≤MD≤5.0. There are 
several studies made with earthquakes of lower magni-
tude range of 0.4≤MD≤3.6 (e.g., Galluzzo et al, 2004) 
and 2.8≤ML≤4.9 (e.g., Jin et al, 2008) to derive the at-
tenuation relationship for PGA and PGV. The hypocen-
tral distance R of the studied events ranges from 3.5 km 
to 144.5 km. Since 6th August 1988 (MD=6.8), the region 
has not experienced any large magnitude earthquake and 
in this study we have used the events occurred during 
the year 2001−2006. Figure 2 shows magnitude-distance 
distribution for our studied events. The lack of data for 
large events will remain. Typically smaller earthquakes 
with short duration and high frequency content of earth-
quakes, can have high peak ground motions but of short 
duration which are of no significance to well engineered 
structures. However incorporation of these smaller 
magnitude events provides meaningful insights into the 
nature of attenuation in places of low to moderate seis-
micity. Using real-time simulation, we obtain the corre-
sponding acceleration and then adopt different models to 
analyze the seismic data following Jin et al (2008). 

 
Figure 2 Plot of duration magnitude (MD) versus epi-
central distance (R). 

The ground conditions of station sites are not much 
diverse. Here we classify grounds into two groups: hard 
and soft ground. The group of hard ground includes 
rocky ground of various strength, dense clay, pebble and 
gravel. The group of soft ground comprises of sand, clay 
and alluvium soil. Majority of the studied area covers 
the group of hard ground only. 

4 Ground motion parameters 
Several common criteria exist for the parameteriza-

tion of processes, including earthquake-induced ground 

motions (Aptikaev, 1981, 1985). Parameters should re-
flect main properties of the studied process and be in-
dependent among themselves, i.e., a change in one of 
the parameters should not give rise to appreciable 
changes in the values of the other parameters (Mahda-
vian et al, 2005). Here we study the following ground 
motion parameters: 

Amax, peak amplitude of ground motion, defined 
here as the geometric mean of two horizontal compo-
nents. 

t, predominant period of ground motion, corre-
sponding to the maximum ordinate of a response spec-
trum. 

d, the duration of ground motions; this parameter 
called the pulse width is defined as the interval between 
the initial and final time moments at which the envelope 
level exceeds 0.5Amax. A statistically average envelope is 
described by Mahdavian et al (2005) as 

 .
499

3)( 22maxenv dtdt
tdAtA

+−
=  (1) 

S, logarithmic width of the spectrum, is defined as 
the difference between the logarithms of the frequencies 
of spectral half-maximum points (on the high- and low- 
frequency slope of the spectrum): S=ln fhf – ln flf; as fol-
lows from the theory of dimensions and similarity, the 
dimensionless value S must be independent of scale. 
Figure 3 exemplifies the measurement of the spectral 
parameters and Figure 4 gives an example of the enve-
lope for an accelerogram. The smaller is the logarithmic 
width, the more is the attenuation and vice versa. Larger 
logarithmic width basically corresponds to more damage. 
Logarithmic width of the spectra for the strong ground 
motion practically does not depend on distance. 

 

Figure 3 Example illustrating the measurement of 
logarithmic width. 
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Figure 4 Example illustrating the construction of envelope 
for the earthquake of September 9, 2002 (NGL Station, 
component N-S, MD = 2.79). 

Basically other characteristics of ground motions 
are closely correlative with corresponding main pa-
rameters. Additional characteristics can be used to gain 
finer constraints on ground motion properties. For ex-
ample, the skewness of the spectrum can be estimated 
by considering separately the frequency ranges on both 
sides of the response frequency: 

 ,lnln,lnln 1f020hf1 ffSffS −=−=   

 ,21 SSS +=  (2) 

where f0 is the predominant frequency of ground mo-
tions, corresponding to the maximum ordinate of a re-
sponse spectrum, fhf is high frequency slope of the spec-
trum and f lf is low frequency slope of the spectrum. 

Similarly, the pulse width can be complemented 
with the build up time (d1) of the envelope from the 
level 0.5Amax. In accordance with the definition, the time 
(d2) of decrease in the envelope amplitude from Amax to 
0.5Amax is d2 = d–d1. Based on eqution (1), the build up 
time (d1) should be d/3 and the time (d2) should be 2d/3. 

5 Empirical estimates of strong motion 
parameters 

The ground motion parameters may be affected by 
many factors. These include the size of earthquake (rep-
resented by magnitude), distance of the site from the 
source (epicentral distance), site conditions (whether rock 
or soil) and fault type (strike-slip, normal or reverse). 

A number of attenuation models have been sug-
gested to incorporate various parameters noted above. 
The basic fundamental form of attenuation model de-
fined by Campbell (1985) is 

,)(),()()()( 4321 ε+++++= SfRMfRfMfcYf  (3) 

where Y is the response variable (dependent variable), c 
is a constant scaling factor, f1(M) is a function of mag-
nitude M, f2(R) is function of source to receiver distance 
R, f3(M, R) is a joint function of M and R, f4(S) is a func-
tion representing parameters of earthquake path, site or 
structure and ε is a random variable representing the 
uncertainty in Y. 

For first approximation, the dependence of each 
parameter on seismic vibrations Z behaves linearly with 
the earthquake magnitude M and while with the 
source-receiver distance R shows a logarithmic behavior. 
The functions of equation (3) were therefore formulated 
as f (Y)=lgZ, Z being the parameters of seismic vibration; 

 RbRfaMMf ln)(and)( 21 == , (4) 

After substituting equation (4) into equation (3), 
one gets the following generalized form: 
 ,lglg cRbaMZ ++=  (5) 

where Z indicates seismic vibrations which depend on 
the earthquake magnitude M and the source-receiver 
distance R and a, b and c are the coefficients. In equa-
tions of this type, the value of the free term c is most 
sensitive to regional geological conditions. This coeffi-
cient is generally dependent on the source faulting type, 
velocity characteristics of the medium in the near-source 
zone, ground type at the observation point, and other 
factors. In order to develop an attenuation relation for 
the studied area, these coefficients are evaluated through 
linear regression analysis. 

The linear relation (on logarithmic scale), equation 
(5), ensures the accuracy required for the description of 
parameters. Sometimes the equation fails to improve the 
data convergence. Therefore, simplest formula is more 
suitable for approximation of empirical data depending 
on magnitude, distance and other characteristics of focal 
zones. As for the every station there exists particular 
relation between MS and MD (Lee and Stewart, 1981), 
we utilize the linear relation between MD and MS as de-
veloped by Sitaram and Bora (2007) for different sta-
tions of northeast India as follows: 

 5.6)16.010.0()03.098.0( DbD ≤±+±= MmM  (6a) 

and 
 Sb 63.05.2 Mm += . (6b) 

According to Lee and Stewart (1981), duration 
magnitude, MD, for a given station is usually given in 
the form 



Earthq Sci (2009)22: 283−291 287 

 hCDCDCCM 32S10D ln +++= , (6c) 

where DS is signal duration in s, D is epicentral distance 
in km, h is focal depth in km and C0, C1, C2 and C3 are 
empirical constants. These constants usually are deter-
mined by correlating signal duration with Richter mag-
nitude for a set of selected earthquakes taking epicentral 
distance and focal depth into account. Duration magni-
tude is computed for each station and the average of the 
station magnitudes is taken to be the network duration 
magnitude (MD A) which is basically used in this study. 
Figure 5 shows the relationship between MD versus MS 

valid for the studied region and indicates the correlation 
coefficients between the two different magnitudes. It is 
observed that MD versus MS relationship has smaller 
slope. 

 

Figure 5 Relation between MD versus MS. 

5.1 Peak acceleration amplitude 
In order to estimate the attenuation relation of peak 

amplitudes with distance we have considered the classi-
cal formula of Joyner and Boore (1981); a fairly com-
plex dependence incorporating all of the known factors 
affecting the level of vibrations (Campbell and Bo-
zorgnia, 1994) and a purely empirical formula (Aptikaev 
and Erteleva, 2002). Accordingly the equation for peak 
ground acceleration aPG estimated for Shillong plateau is 

 18.0185.0lg547.0086.0lg SPG ±+−= RMa . (7) 

The relation has a standard deviation of ±0.18. 
Figure 6 indicates the observed PGA from the accelero-
gram with reference to epicentral distance. Using triax-
ial accelerograms, the peak ground accelerations from 
the two horizontal channels have been averaged (arith-
metically) to reduce any directional effects that may be 
presented due to source radiation patterns, topography 
and geological boundaries. The average horizontal peak 
ground acceleration has been plotted against hypocentral 
distance, so that the attenuation functions are obtained 
which can be used in earthquake hazard analysis. The 

estimated PGA using empirical relation (7) is shown in 
Figure 7, which indicates estimated peak ground accel-
eration versus the epicentral distance.  

 

Figure 6 Plot of aPG (observed) versus epicentral distance R. 

 

Figure 7 Plot of aPG (calculated) versus epicentral distance R. 

5.2 Period of ground motions 
This parameter is very much significant because of 

the fact that the closeness of the predominant frequency 
to free vibrations of a structure increases the damage of 
the latter. Aptikaev and Erteleva (2001) showed that the 
world-average dependence of the visible period of vi-
brations on various factors has the form 

 20.0lg25.015.0lg 21S ±+++= CCRMt , (8) 

where, t is the predominant period in s; R is the hypo-
central distance in km; MS is the magnitude determined 
from surface waves; the constant C1 is equal to −0.1 for 
reversed faulting, 0 for strike-slip faulting, and 0.1 for 
normal faulting; and C2 is the term accounting for other 
factors and averaging −1.9. 

Application of equation (8) results in magnitude 
dependence of the predominant period for the Shillong 
plateau which is expressed by: 

 .09.006.1lg01.004.0lg S ±−+= RMt  (9) 

Equation (9) shares a feasible characteristic of the Shil-
long plateau. We observe the average predominant pe-
riod (t) as 0.12 s and 0.10 s for soft ground and hard 
rock site respectively. However, lowest period ever 
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found for hard rock is 0.05 s while for soft ground it is 
0.08 s. Figure 8 represents the predominant period in 
terms of magnitude and epicentral distance. This figure 
indicates magnitude and distance dependence of pre-
dominant period. Of course the dependence is not linear. 

 

Figure 8 Contour plot of the predominant period (in s) 
in Shillong plateau. 

5.3 Pulse width 
This parameter contributes significantly to the 

damaging effect of an earthquake. Pulse widening leads 
to an increase in seismic intensity; vice versa, given a 
small value of the pulse width, even fairly high accel-
eration can cause relatively slight damage. The world 
equation for pulse width is given by (Aptikaev and 
Erteleva, 2002) 

 21S 3.1lg50.015.0lg CCRMd ++−+= , (10) 

where C1=0.25 for normal faulting, 0 for strike-slip 

faulting, and −0.25 for reversed faulting and C2= −0.15 
for hard ground and 0.15 for soft ground. 

The dependence of the pulse width on magnitude 
was found to be nearly the same as for the period of vi-
brations and about twice as strong as the pulse width 
dependence on the logarithmic distance. Data sample 
from Shillong plateau yielded the following expression: 

 21.011.02.0lg23.003.0lg S ±−++= SRMd , (11) 

where S = 0 for hard ground and 1 for soft ground. The 
value of ±0.219 is the standard deviation. 
5.4 Logarithmic width 

Response spectrum is of the means of characteriz-
ing ground motion and the effect on structures. The re-
sponse spectrum provides a convenient means to sum-
marize the peak responses of ground motion. We refer to 
acceleration spectra for a strong motion accelerogram 
recorded at a particular station (Deb, 2008). Figures 9a 
and 9b represent the strong motion acceleration and the 
response spectrum at a particular site. The spectrum 
shapes are representative of the sub-soil conditions of 

 

Figure 9 Strong motion acceleration of an earthquake 
(MD=3.01) of 29 November, 2007 (a) and its response spec-
trum recorded at Guwahati (b). 
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the respective site. The response spectrum was calcu-
lated with 5% damping ratio for each accelerogram. The 
resulting spectra were used for calculating the following 
parameters: the period Tmax of the maximum spectral 
ordinate; the periods T1 and T2 of the half-maximum 
spectral ordinates on short- and long-period slopes of 
the spectrum, respectively; the short- and long-period 
spectral widths given by S1= lgTmax – lgT1 and S2= lgT2 – 

lgTmax, respectively; and full spectral width S= S1+ S2 = 

lgT2 – lgT1 (e.g., Mahdavian et al, 2005). 
Average estimates of the S value were obtained 

separately for each component; in addition, average es-
timates are distinguished by better convergence. It is 
found that the value of S1 is slightly greater than the 

value of S2. This allows one to assume that the spectra of 
earthquakes in the region under study are symmetric.  

The S average for hard ground in the Shillong pla-
teau is found to be S = 0.44±0.20 and for soft ground it is 
S = 0.46±0.20. These values are comparatively lower. 

Figure 10 portrays the variation of spectral width, 
predominant period and pulse width with respect to du-
ration magnitude (MD) and epicentral distance (R). As 
such there are no variation of spectral width and pre-
dominant period with respect to duration magnitude and 
epicentral distance, however, pulse width is found to be 
dependent on duration magnitude and epicentral dis-
tance. The value of pulse width increases with increase 
of magnitude and distance. 

 
Figure 10 Plot indicating spectral width S versus magnitude MD (a), spectral width versus epicentral dis-
tance R (b), predominant period t versus magnitude (c), predominant period versus epicentral distance (d), 
pulse width d versus magnitude (e) and pulse width versus epicentral distance (f). 
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6 Discussion and conclusions 
In this paper, few ground motion parameters of 

Shillong plateau are established through empirical 
analysis. Before application of empirical relations, scal-
ing laws on amplitudes, period, pulse width, response 
spectrum are established. In this study it is observed that 
the peak ground acceleration is primarily dependent first 
on distance and secondly on site. The attenuation rela-
tion indicates higher-attenuation which is characteristi-
cally site and path specific. Since the PGA values are 
highly dependent on magnitude and epicentral distance, 
the epicentral distance are preferably kept within 140 
km from a particular station. While considering pre-
dominant period, in general, the amplification factor for 
rocky site condition is higher at low period. Here the 
low period estimates for both the waves in the Shillong 
plateau, characterize higher amplification in the region. 
In fact the predominant period shows less dependency 
duration magnitude and epicentral distance. Looking at 
pulse width, it is related to spectral shape and assuming 
a constant source should change as a function of travel 
time (distance) and inelastic properties of soil site. The 
attenuation relation estimated for pulse width critically 
indicates increased pulse width dependence on the loga-
rithmic distance for Shillong plateau. Explicitly this de-
pendence on distance explains dependence of transmis-
sion characteristics on attenuation parameters. Addition-
ally low estimates of logarithmic width consistently re-
sult in higher attenuation in Shillong plateau. 

So the following conclusions are drawn: 
1) Estimated empirical relations match with the 

world average equations with prediction of higher ex-
pected peak ground acceleration. 

2) Parameters of strong motions, particularly the 
predominant periods and duration of vibrations, depend 
on the ground type of studied area. 

3) The logarithmic width is found to be low indi-
cating higher attenuation in Shillong plateau. 

4) Strong pulse width dependence on logarithmic 
function of distance details the transmission characteris-
tics. 

Assessment of strong ground motion parameters is 
an important aspect in complex tectonic domain. The 
attenuation relation in this study was obtained from small 
magnitude earthquakes only, which may not be suitable 
for large events. However, complexity of the region can 
be well inferred through estimation of attenuation rela-
tionships concerning large earthquakes, which is a scope 

of further study. 
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