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EMPIRICAL ESTIMATION OF PEAK GROUND ACCELERATION ATTENUATION FOR
EARTHQUAKES OF NORTHWEST HIMALAYA, INDIA

Joshi A.}, Erteleva 0.2, Kumar A.%, Aptikaev F.2, Sinvhal A.!
'IIT Roorkey, Roorkee, India
’IPE RAS, Moscow, Russia

Abstract. Uttarakhand Himalaya is considered as seismically most active regions in the world. Using data
from regional strong motion network operating in this region, attenuation relations for this part of Himalaya
have been developed. The developed attenuation relation has limited applicability due to its dependency
on data set in limited magnitude and distance range. However this relation can be utilized for estimation of
peak ground acceleration due to large earthquakes, using semi-empirical modeling technique. The method
of semi-empirical modeling of strong ground motion is tested for simulating strong motion record of the
Uttarkashi and the Chamoli earthquakes. The comparison of simulated and observed strong ground motion
in terms of root mean square error confirm the suitability of developed attenuation relation over attenuation
relations used by earlier researchers. The pure empirical method is developed to estimate attenuation law for
the Uttarakhand Himalaya region. In semi-empirical method is used pre-selected equation with empirically
estimated coefficients.

Introduction

Estimation of the amplitudes of strong ground motion depending on earthquake magnitude
M and distance R is one of the key steps in the chain of calculation of expected seismic effects.
The essential part in these calculations involves the description of how the motions from a given
earthquake attenuate with distance and produce shaking at a building site. The most advanced
semi-empirical equations take into consideration earthquake magnitude, faulting type, distance,
and ground condition along the propagation path and at the point of observation as well as the non-
linear site response. The peak ground acceleration is treated as an important parameter which can
be obtained from strong motion record. In the present work empirical attenuation relation has been
used to model important strong motion parameter like peak ground acceleration.

There are several techniques for prediction of peak ground acceleration for future earthquakes
like composite source modeling technique [30, 34]; stochastic simulation technique [9, 10];
empirical Greens function technique [18, 25, 26]; semi-empirical technique [19, 20, 21, 29;].
Each of these techniques has their own advantages and disadvantages. Among these techniques,
the semi-empirical approach is suitable for the region of the Himalaya because it is based on
attenuation relations and simple modeling parameters which are easy to access.

The pure empirical method

In semi-empirical methods pre-selected equations with empirically estimated coefficients
are used. Semi-empirical equations of peak ground acceleration attenuation are badly fitted by
empirical data [27]. The role of the theoretical assumptions has become minor in the recent semi-
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empirical equations due to inconsistencies among the coefficient values. Therefore it is reasonable
not to select an equation type a priory. Absence of the various assumptions decreases the errors of
the values based on the empirical functions. The curves were brought into coincidence with median
values in columns and rows in narrow magnitude and logarithm distance intervals. Only the final
result can be approximated by any function. Pure empirical relations have accuracy about 0.17
dec.log. units for world-wide data. In detail the problem of the accuracy of the seismic treatments
assessments is considered in [2, 4, 5].

It is very difficult to describe PGA attenuation by a single expression related to source-, near-
field and far-field zones. It should be noted that by fixed PGA seismic intensity on soft ground is
larger, because of shaking duration longer and non-linear effects on soft ground are stronger.

Near the fault seismic effect is related to residual deformations, especially when seismic
intensity is higher than intensity 8. There are other non-linear effects in the source- and near-
field zones, for example, standing waves, liquefaction etc. [7, 28]. Therefore for practical use it
is convenient to allocate source zone with constant PGA level. This level is depending on type of
faulting [8, 31]. Influence of faulting type on PGA level is observed in the source- and near-field
zones only. But in these zones the influence of ground type on PGA level is absent [11, 32].

It is shown in [6, 13] that peak ground acceleration for earthquakes with different magnitudes
are well scaled by fitting data along the distance axis and not along the amplitude one. When
normalized distance (IgR*=1gR —0.33M,) is used all the data can be processed together disregard
to earthquake magnitude. This coefficient is practically the same as for dimensions of linear size
of rupture surface [33].

According to world-wide data of strong ground motion records one can distinguish three
zones with different PGA attenuation: fault — (0 £ R*£ 0,02), near- (0,02 £ R*£ 0,2), and far-field
(0,2 £ R*) zones. In fault zone more important are the residual deformations and other non-linear
effects. As it was shown earlier for practical use it is convenient to take PGA = const in this zone.
Mean value of PGA _ is 900 cm/sec” for thrust faulting, 630 cm/sec? for the strike-slip one, and
450 cm/sec? for the normal one [3, 6]. PGA practically not depends on ground type.

Relations for the near-field zone (0.02 < R* < 0.20):

lg PGA, cm/sec? = 1.74 — 0.721 Ig R*, for the thrust (1)

On the border between near- and far-field zones PGA = 175 cm/sec’.
Relations for the far-field zone not depend on faulting type, but depend on ground type.

lg PGA=1.02-1.71g R " (for intermediate ground type) (2)

For other type of ground it is necessary to estimate ground amplification. The mean
amplification for rock is about 0.7, for soft soil it is about 1.4. One can obtain the real distance
using relation IgR = 1gR* + 0.33M, where M_ is expected earthquake magnitude for the fault under
consideration.

The variability of PGA due to random factors in the source- and near-field zones is about
0.17 dec. log. units.

Using these data and strong ground motion records of three Indian earthquakes the Dharmsala,
April, 26, 1986, (M = 5.4), the Uttarkashi, October, 20, 1991 (M, = 6.8) and the Chamoli, March,
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28, 1999 (M, = 6.7) one can obtain the equation for attenuation law in area under consideration. It
is believed all the earthquakes have the thrust mechanism.

Calculation of distances using the coordinates of the epicenter obtained by teleseismic
stations is impossible [27]. For more reliable estimation coordinates of epicenter it is expedient
to use records obtained on strong motion stations. The hypocenter distance R, can be estimated as
R =8 (t,—t +0.2). Here t is time of S—wave arrival, t is trigger time, 0.2 sec — average time of
the trigger device operation. It is believed t + 0.2 sec is time of P-wave arrival. Modern equipment
allows recording without losses of record start. Empirical value of constant 8 isn’t too critical.
Then new distances are calculated for each station. The hypocentral distances and the normalized
ones for each station of the earthquakes Uttarakashi, Dharamsala and Chamoli were calculated.

Empirical data of PGA attenuation are badly fitted by known attenuation equations [27]. It
should be noted, that the used formula are related to the theoretical or semi-empirical types of the
PGA attenuation equations [4, 5]. Therefore pure empirical equations are used. It is possible to see
from Figure 1 the Indian data are well correlated with mean world — wide attenuation curve.

Strong Earthquakes of NW Himalaya
PGA, em/sect ®  Dharmsala, 1986, Ms=5.4

1000 — 0 Uttarakashi, 1991, Ms=6.8
= A Chamoli, 1999, Ms=6.7
Attenuation law for the Hymalain earthquake

R* km

Fig. 1. PGA versus the normalized hypocentral distance R, * for three Indian earthquakes with
different magnitudes. On the approximation line, top, is shown the acceleration limit (for the
thrust, obtained from world wide data PGAmax = 900 cm/sec’. The correction for the ground

type in far-field zone is not used because of ground type under stations are unknown.

— 241 ~



Dangerous natural and technogenic processes in mountain regions: models, systems, technologies

Testing developed relation with Semi-empirical simulation of strong ground motion

Semi-empirical technique of simulation proposed by Midorikawa (1993) and later modified
by Joshi (1997) is based on the Empirical Green Function technique [18]. This procedure is as
follows. White Gaussian noise is passed through filters representing the basic spectral shape
defined in [9]. Various filters that are used in this procedure represent source spectrum, near
site attenuation of high frequency and anelastic attenuation. The cut-off frequency of high cut
filter is 40 Hz and the shea&wave quality factor in the filter representing anelastic attenuation
is assumed as Qp(f) =112f [22], which is obtained for the Garhwal Himalaya. The filtered
white noise is windowed by the envelope of accelerogram released by the particular element
to obtain accelerogram. The accelerogram arriving at the observation point is convolved with
the correction factor F(t) to account the slip distribution of large and small events. Summation
of all accelerograms’ arriving at the observation point at different time lags gives the resultant
accelerogram.

In order to test the suitability of developed attenuation relation for modeling the earthquakes
NW Himalaya, we have modeled the ruptures of two strong earthquakes, the Uttarkashi earthquake
0f20.10.1991 and the Chamoli earthquake of 19.03.1999, and records have been simulated using
the semi-empirical modeling technique at the Gopeshwar and the Bhatwari stations, respectively.
These are two near field stations of the strong motion network that had recorded these earthquakes.
The developed attenuation relation has been used to simulate strong motion records of the
Uttarkashi and the Chamoli earthquake using semi empirical approach. The parameters of rupture
model responsible for the Uttarakshi and the Chamoli earthquake are same as used in [21, 22].
Comparison of simulated and observed acceleration record at the Gopeshwar and the Bhatwari
station is shown in Fig. 2 and Table 1.

Table 1

Root mean square errors (RMSE) obtained for comparing the observed and simulated
acceleration records and its response spectra

RMSE RMSE

between waveform between response spectra

Station . . . ..
using empl rical using attenuation using empl rical using attenuation
attenuation . attenuation .
. relation [1] . relation [1]
relation relation

BHAT 1.33 1.43 14.35 16.24
GOPE 1.83 2.05 11.36 14.76
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Fig. 2. Actual ((a), (e)) and simulated acceleration record using developed empirical attenuation
relation for NW Himalaya ((b), (f)) and the attenuation relation of [1] ((c), (g))
and comparison of response spectra at 5% damping ((d), (h)) from actual and simulated
records at Gopeshwar an Bhatwari stations respectively. The black, blue
and red lines represents the actual record, simulated record using developed empirical
attenuation relation and that using the attenuation relation of [1].

In order to check the efficacy of developed attenuation relation for modeling Himalayan
earthquakes, the records have been also simulated using the attenuation relation from [1], which
has already been used to simulate records of the Uttarakashi and the Chamoli earthquake [21,
22]. The comparison shows the simulated records using developed attenuation relation gives peak
ground acceleration closer to the actual values at both stations. Further comparison of response
spectra at 5% damping indicates that the obtained spectra using present attenuation relation gives
good matches in high frequencies as compared to that used by the Abrahamson and Litehiser (1989)
attenuation relation. The comparison of simulated acceleration waveform and its response spectra
with actual ones in terms of RMSE confirm that the developed attenuation relation is effective in
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simulating records due to two major events in the Himalaya as compared to the attenuation relation
given by Abrahmson and Litihiser (1989).

Conclusions

In the present paper the attenuation equations are proposed for the region of NW Himalaya
using data from three major events recorded on strong motion network. The efficacy of developed
relation has been checked by using it for simulation of near field strong ground motion using the
semi empirical technique [23, 29]. The obtained records are compared with actual records in terms
of RMSE. Simulations at same stations are made using the attenuation relation of Abrahamson
and Litehiser (1989) and the records are compared with the observed ones in term of RMSE. The
comparison shows that the error is minimal for the simulated records using the attenuation relation
developed in this work and this confirms the efficacy of the developed attenuation relation.
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