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Abstract

The ground motion model (GMM) plays a vital role in the generation of seismic design basis ground motion
parameters. Even though many intra-plate GMMs are available, very few of them are based on Peninsular India (PI)
region-specific seismological parameters. Hence, it is imperative to develop a GMM using seismological parameters
derived from earthquakes in the Peninsular Indian region. In this study, a new GMM is developed for a PI rock site.
Due to the scarcity of real earthquakes, artificial earthquake records are simulated to generate a new GMM for PI.
The accelerograms of these artificial earthquakes are obtained from the stochastic finite fault simulation technique.
Region-specific seismological parameters are obtained from the available Pl earthquakes. The generated GMM is
compared with other intra-plate GMMs for different earthquake magnitudes. Also, the generated GMM is validated

with the Koyna earthquake record and it is observed that the GMM’s predictions are closer to the record.
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1. Introduction

The seismic design of engineering structures requires the evaluation of ground motion parameters during a seismic event
such as peak ground acceleration (PGA) or spectral acceleration (SA). The ground motion model (GMM) is a crucial element
in seismic hazard assessment to evaluate ground motion parameters due to seismic events. GMM provides ground motion
parameters, and PGA or SA are functions of earthquake magnitude and distance. GMM can be developed using regression
from actual earthquake records or using artificial earthquakes. Method of regression from actual earthquake records can be
used for inter-plate regions, where plenty of real earthquake records are available. For intra-plate regions, seismicity rates are
less and hence the method of regression from artificial earthquakes is more suitable for the generation of GMM. Intra-plate
regions have relatively less fractured crust than inter-plate regions due to less seismicity rates. Therefore, the seismic ground
motion characteristics of intra-plate earthquakes are different from inter-plate earthquakes. Intra-plate earthquakes have less

attenuation rate due to less fractured crust.

Seismo-tectonically, India is divided into two broad regions [1]. The first region is a seismo-tectonically active inter-plate
region, which includes the Himalayan region, the south Tibet Plateau, Andaman—Sumatra, etc. The second region is Peninsular
India (PI), in which seismic activity is relatively less in comparison with the first region. It has been designated as a stable
continental region (SCR) and is considered an intra-plate region. Sharma et al. [2] provided GMM based on earthquake data for
the Himalayan region, which is an active inter-plate region. Ramkrishnan et al. [3] generated GMM for the north and central

Himalayan region using actual earthquake record data. Bajaj and Anbazhagan [4] provided attenuation relations for the active
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region using limited strong ground motion data. Raghu Kanth and lyengar [5] and NDMA [6] provided a GMM for PI. Also,
intra-plate GMMs generated for eastern North America (ENA) may be applicable for Pl due to the similarity in seismo-tectonic
features [7].

Atkinson and Boore [8] provided attenuation relations for ENA hard-rock sites in 2011. This is a modification for the
earlier ground motion relation by Atkinson and Boore [9]. GMM provided by Toro et al. [10] is derived from stochastic
simulation and is valid for central North America and ENA. The hybrid empirical GMM by Pezeshk et al. [11] is also applicable
to ENA and termed “PEZA”. The GMM provided by Campbell [12] is applicable for hard-rock sites of ENA. This was
generated using a hybrid approach of GMM generation for ENA from western North America (WNA) data. Silva et al. [13]
provided GMM for ENA using regression analysis of simulations. A list of abbreviations used for all GMMs is given in Table 1.

Table 1 Abbreviations used for GMMs

No. Ref. Abbreviation used

1 This study Present-GMM

2 Kanth and lyengar [5] RI1-2007

3 NDMA [6] NDMA-2010

4 Atkinson and Boore [8] AB-2011

5 Toro et al. [10] Toro-1997

6 Pezeshk et al. [11] Peza-2011

7 Campbell [12] CB-2003

8 Silva et al. [13] Silva-2002

The major limitation of these GMMs [5-13] is that they are either based on seismological parameters of ENA and WNA or
several assumptions in consideration of seismological parameters. Hence, it is imperative to develop a GMM using

seismological parameters derived from earthquakes in the Peninsular Indian region.

In India, many nuclear power plants and nuclear facilities are located in the Peninsular Indian region. As very limited
earthquake data is available for this intra-plate region, regression from artificial earthquakes is considered to be suitable for the
generation of GMM for a Pl site. The stochastic finite fault simulation technique is used to generate artificial earthquakes. A
seismic hazard assessment is carried out for a proposed nuclear power plant site in Pl [14-15]. The purpose of seismic hazard
assessment is to generate seismic design basis parameters for the nuclear power plant site [14-15] using probabilistic seismic
hazard analysis (PSHA). In this study, the logic tree approach was considered in which all available GMMs [5-13] were
considered. However, it was observed that elsewhere GMMs [7-13] are based on seismological parameters of ENA and WNA
and two GMM s [5-6] of the Indian region predict very high SAs than expected in the region [14-15]. Hence, in the present

study, a new GMM is developed using seismological parameters derived from earthquakes in the Peninsular Indian region.

A typical hard-rock site that has a shear wave velocity (Vsso) of 2.9 km/s (as per soil profile type classification of the
national earthquake hazards reduction program (NEHRP)) [14-15] is considered for the present study. The region-specific
seismological characteristics, such as the high-frequency decay parameter, anelastic attenuation factor, and stress parameter
considered for the present study are obtained from literature on Pl earthquakes. The details of various seismological parameters

are given in subsequent sections.

2. Stochastic Finite Fault Model for Ground Motion Simulation

The generation of artificial earthquake records is done by using the stochastic finite fault modeling technique [16]. In

this technique, the fault plane is modeled as M x N sub-faults. For ijth sub-fault, the acceleration spectrum A;;(f) is given

in Eq. (1).
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where My;;, R;;, and fo;; are seismic moment, hypo-central distance, and corner frequency for ijth sub-fault, kappa (k) is the

high-frequency decay parameter and Q is the quality factor.

As shown in Eq. (1), exp(—mfk) models the high-frequency de-amplification from near-surface materials and is

characterized by k, known as the high-frequency decay parameter. Another term exp (_Zf;i") /Ri; models the path effect,
which includes geometric attenuation (1/R) and anelastic attenuation. The anelastic attenuation is inversely related to Q.

Corner frequency, fo;;, is related to the stress drop and is given by:

foy =4.9E6xﬁ£l\AﬂaJ @)

0ij

where Ag is the stress drop in bars, My,;; is a seismic moment in dyne/cm and is given by log M, = 1.5M + 16.1 and 3 is

shear wave velocity in km/s.

3. Seismological Parameters for Simulation of Artificial Earthquakes

Pl has very limited real earthquake data. Seismological parameters such as high-frequency decay parameter, anelastic

attenuation factor and stress drop obtained from Pl earthquake data are used for the simulation of artificial earthquakes. The

details of seismological parameters for the simulation of artificial earthquakes are given below.

3.1. Kappa (k) for Peninsular India (PI)

As discussed, exp (—mfk) models a high-frequency de-amplification from near-surface materials. The k, known as a
high-frequency decay parameter, characterizes the high-cut filter. The k is usually obtained from the slope of the Fourier
acceleration spectrum at the source or near-field [16]. High-frequency de-amplification effects are represented by two different

approaches in the literature.

The first approach was given by Anderson and Hough [17] and also used by Boore [18]. And it can be expressed by:
P(f)=exp(-7fx) 3

The second approach given by Hanks [19] is provided by:

)
P(f) :{1{:} 1 )

where f,, is a cut-off frequency.

High-frequency de-amplification given by the two approaches will be the same if the following equation is satisfied [19].

It can be expressed by:

fm = (5)



Proceedings of Engineering and Technology Innovation, vol. 23, 2023, pp. 36-47 39

The Jabalpur earthquake occurred on May 21st, 1997 [20], and its magnitude (Mw) is 5.8. The SA of this earthquake
record is observed to fall beyond a frequency of 32 Hz. Hence, Singh et al. [20] considered cut-off frequency (f;,) as 35 Hz. For

the same high-frequency de-amplification, the corresponding value of k is about 0.01 using Eq. (5).

On October 16th, 2000 [21], another Jabalpur earthquake occurred with My 4.7. In this earthquake record, the SA is
observed to fall beyond 17 Hz. For the same high-frequency de-amplification, the corresponding value of k is about 0.0187
using Eq. (5). For the Jaitapur site [22], the range of k is from 0.01 to 0.016 with a median of 0.013. In the present work, k of
0.01, 0.014, and 0.018 are used for artificial earthquake generation.

3.2. Quality factor (Q) for PI

The anelastic attenuation is inversely related to Q. The term exp (%;”) /Rij models the path effect, which includes

geometric attenuation (1/R) and anelastic attenuation. Mandal and Rastogi [23] suggested the frequency-dependent quality
factor, Q as 169/ °77 for the Koyna region. As the Koyna region has a low Q-value, it remains a tectonically active area.
Q-value obtained from the Indian shield from the 1997 Jabalpur earthquake is 508 %48 [20].

The same value is obtained from the 2000 Jabalpur earthquake [21]. For the Jaitapur site [22], the chosen Q-values are
84065 118£%65 and 152f%%5, It is to be noted that the Qo-values of the Indian shield region are between 200 and 600 [23].

Hence, the Q-factor of 508 %8 obtained from the Pl earthquake is considered due to proximity and geotechnical similarity.

3.3. Stress parameter (Ao) for PI

It is defined as the reduction in the value of stress across a fault during a seismic event. Singh et al. [20-21] recommended
using 100 and 300 bar as stress drop based on the spectral analysis of the 1997 Jabalpur earthquake [20] and 2000 Jabalpur
earthquakes [21]. For the 1967 Koyna earthquake (My = 6.3), the predicted ground motion matches the record for a stress drop
of 100 bar [20].

The range of 100-300 bar is considered by Raghu Kanth and lyengar [5] for PI. For the Jaitapur site [22], 140, 170, and
200 bar values are used for the generation of seismic design parameters. Hence, for the simulation of artificial earthquakes, 100

bar, 200 bar, and 300 bar are chosen for stress drop.

3.4, Rupture width and length

Wells and Coppersmith [24] provided the empirical relations for rupture width and rupture length. These relations were

obtained from the analysis of various historical earthquakes. The equations used are as follows:
log(A)=a+bxM (6)
log(W) =c+d xM (7

where M is the magnitude, A is the rupture area (km?), W is the rupture width (km), a = -3.49 and b = 0.91 (from 148 earthquake
records), and ¢ =-1.01 and d = 0.32 (from 153 earthquake records) [24].

3.5, Site amplification

Site amplification occurs when seismic waves travel from a rupture source of high shear wave velocity to a surface of a
lower value. This is caused by the change in seismic impedance due to the shear wave velocity gradient. In the present study,
site amplification for a hard-rock site with a shear wave velocity of 2.9 km/s [25] is used. The site amplification used is given
in Table 2.
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Table 2 Site amplification with frequency for a hard-rock site with g = 2.9 km/s

Frequency (Hz) SA
1E-2 1.0
0.1 1.02
0.2 1.03
0.3 1.05
0.5 1.07
0.9 1.09
1.25 1.11
1.8 1.12
3.0 1.13
5.3 1.14
8.0 1.15
14.0 1.15
100.0 1.15

4. Simulation of Artificial Earthquake Records

Parameters for the generation of artificial earthquake records are given in Table 3. Based on the maximum magnitude of
the Peninsular Indian region, a magnitude range of 4.5-7.5 is considered. For a generation of design basis ground motion, an
area of a 300 km radius around the site is usually considered. Hence, 5-300 km is considered for the epi-central distance range.
Depth of focus is varied based on a study for seismic hazard assessment for a typical Peninsular Indian site [14]. The generation
is carried out using finite-fault stochastic simulation methodology [16]. A total 12,852 number of artificial earthquake records
are generated, for various combinations of parameters given in Table 3. From these 12,852 records, response spectra for 5%
damping are obtained as shown in Fig. 1. It can be seen that the PGA (acceleration corresponding to the frequency of 100 Hz)

of these 12,852 response spectra has a range of 0.5-1440 gals.

Table 3 Parameters for generation of artificial earthquake records

No. Parameter Median value Range/value
1 k 0.014 0.01-0.018
2 Q 508f0.4-8
3 Ao 200 100-300
4 Muw 6.0 45,50,55,6.0,6.5,70,75
. . 5, 10, 20,30, 40, 50, 60, 70, 80, 90, 100,
5 Epi-central distance (km) 125, 150,175, 200, 250, 300
d=5km (My<5.5)
d=10km (5.5 < My < 6.5)
6 Depth of focus (km) d =15 km (6.5 < My < 7.0)
d =20 km (My>7.0)

10000 ¢ L L
Present-GMM (M = 7.5, Rh = 20.615 kr»n)r i gl

Acceleration (gal)

0.1 1 10 100
Frequency (Hz)

Fig. 1 Response spectra (5% damping) of all artificial records
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5. Development of the Present-GMM

The form of the present-GMM s similar to that of an attenuation relation for the intra-plate region [9]. The form of the

present-GMM is given in Eq. (8).

log,, Y, =C, +C,M +Cc,M? +(c, +¢sM)a, +(c; +¢,M )a; +(c, +c,M )a, +c, R (8)

where, a; = max [log (1?0) , 0], a, = max[log(R),log70], and a; = max [log (LO, 0)] It is to be noted that M and R in Eq.

13
(8) correspond to moment magnitude and hypo-central distance respectively. Coefficients of the above frequency-dependent

attenuation relation are given in Table 4.

Table 4 Coefficients of present frequency-dependent GMM

Frequency C1 C2 C3 Ca Cs Ceé C7 Cs Co C10 R-square
(Hz)
0.1 -3.5055 | 0.9682 |-0.0814 | -5.3108 | 0.6170 | -2.3235 | 0.1638 | 4.5892 | -1.1207 | 0.0009 0.972
0.3 -6.8364 | 2.0656 |-0.1658 | -4.1702 | 0.5041 | -1.4664 | 0.0508 | 6.5860 |-1.3171 | 0.0004 | 0.968
0.5 -8.6835 | 2.6196 |-0.1999 | -3.1674 | 0.3563 | -1.1284 | 0.0517 | 9.7760 | -1.8752 | -0.0001 | 0.965
0.7 -8.6839 | 2.6375 |-0.2008 | -2.6751 | 0.2952 | -0.9429 | 0.0856 | 11.2086 | -2.2262 | -0.0009 | 0.958
1 -8.1259 | 2.5228 |-0.1914 | -2.3588 | 0.2447 | -0.9917 | 0.0937 | 8.6866 | -1.7789 | -0.0010 | 0.949
1.5 -7.1146 | 2.2310 |-0.1669 | -1.9500 | 0.1858 | -0.6576 | 0.0737 | 3.8247 | -0.8046 | -0.0016 | 0.936
2 -5.7435 | 1.9008 |-0.1437 | -2.0452 | 0.1856 | -1.0270 | 0.0750 | -1.3918 | 0.1522 | -0.0012 | 0.929
2.5 -5.0697 | 1.7303 |-0.1324 | -2.0022 | 0.1826 | -0.7988 | 0.0708 | -1.3740 | 0.1002 | -0.0016 | 0.922
3 -4.5260 | 1.5970 |-0.1226 | -2.0131 | 0.1778 | -1.3084 | 0.0974 | -1.0230 | 0.0340 | -0.0012 | 0.915
3.3 -4.2627 | 1.5382 |-0.1194 | -2.0350 | 0.1829 | -1.1641 | 0.0819 | -0.9120 | -0.0348 | -0.0014 | 0.915
3.6 -4.0726 | 1.4774 | -0.1141 | -1.9689 | 0.1732 | -1.0838 | 0.0702 | -1.3838 | 0.0529 | -0.0015 | 0.911
4 -3.4808 | 1.3282 |-0.1051 | -2.0671 | 0.1908 | -0.8624 | 0.0627 | -3.2702 | 0.4343 | -0.0018 | 0.909
5 -3.1783 | 1.2320 |-0.0960 | -1.9337 | 0.1687 | -1.1496 | 0.1079 | -3.4047 | 0.5771 | -0.0020 | 0.907
6 -2.6408 | 1.1218 |-0.0905 | -2.0650 | 0.1878 | -0.9777 | 0.0924 | -3.2664 | 0.4486 | -0.0023 | 0.909
7 -2.4356 | 1.0841 |-0.0879 | -2.1003 | 0.1878 | -1.0015 | 0.0761 | -2.5430 | 0.2836 | -0.0022 | 0.908
8 -2.1751 | 1.0188 |-0.0825 | -2.0834 | 0.1809 | -1.3408 | 0.1207 | -0.1316 | -0.2071 | -0.0023 | 0.908
9 -1.8273 | 0.9393 |-0.0783 | -2.1663 | 0.1938 | -1.2833 | 0.1236 | 1.5041 | -0.5826 | -0.0025 | 0.908
10 -1.6384 | 0.9151 | -0.0787 | -2.2552 | 0.2077 | -1.2673 | 0.1265 | 2.5458 | -0.8271 | -0.0027 | 0.909
12.5 -1.7204 | 0.9197 | -0.0763 | -2.1271 | 0.1850 | -1.4519 | 0.1621 | 6.2029 | -1.4411 | -0.0030 0.91
15 -1.4749 | 0.8703 | -0.0747 | -2.2080 | 0.1992 | -1.6288 | 0.2086 | 8.4817 |-1.9191 | -0.0033 | 0.907
18 -1.2144 | 0.8106 |-0.0720 | -2.2910 | 0.2126 | -1.5401 | 0.2107 | 5.8524 | -1.4275|-0.0036 | 0.909
20 -1.2975 | 0.8303 |-0.0726 | -2.2539 | 0.2044 | -1.8178 | 0.2593 | 4.0384 | -1.0584 | -0.0037 | 0.906
22 -1.3511 | 0.8235 |-0.0702 | -2.1772 | 0.1899 | -1.8758 | 0.2633 | 4.5023 | -1.1098 | -0.0036 | 0.903
25 -1.1998 | 0.8011 |-0.0708 | -2.3045 | 0.2099 | -1.8330 | 0.2738 | 6.6242 | -1.5658 | -0.0038 | 0.901
28 -1.3720 | 0.8413 |-0.0729 | -2.2679 | 0.2029 | -1.8068 | 0.2831 | 8.2891 | -1.8609 | -0.0039 | 0.901
31 -1.2753 | 0.8333 |-0.0740 | -2.3614 | 0.2149 | -1.8382 | 0.2942 | 8.8317 | -1.9756 | -0.0039 | 0.901
34 -1.2287 | 0.8351 |-0.0752 | -2.4346 | 0.2224 | -1.8425 | 0.2877 | 7.1788 | -1.6717 | -0.0037 | 0.901
37 -1.1890 | 0.8242 |-0.0753 | -2.4789 | 0.2313 | -1.7675 | 0.2905 | 6.3510 | -1.5040 | -0.0038 | 0.901
40 -1.1364 | 0.8124 |-0.0758 | -2.5290 | 0.2416 | -1.7204 | 0.2976 | 6.2781 | -1.4935 | -0.0039 | 0.901
45 -1.1441 | 0.8153 |-0.0773 | -2.5934 | 0.2530 | -1.6469 | 0.2851 | 5.5864 | -1.3394 | -0.0038 | 0.903
50 -1.2010 | 0.8210 |-0.0771 | -2.5804 | 0.2491 | -1.7180 | 0.2882 | 4.7007 | -1.1373 | -0.0036 | 0.911
70 -1.4423 | 0.8682 |-0.0805 | -2.6012 | 0.2505 | -1.7797 | 0.2676 | 4.6914 | -1.1002 | -0.0030 | 0.903

100 -1.6305 | 0.8872 | -0.0813 | -2.5688 | 0.2495 | -1.7994 | 0.2489 | 3.7024 | -0.8913 | -0.0027 | 0.901
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The standard deviation log,,y;, at all frequencies is 0.25. The R-square value for each frequency is provided in Table 4.
It can be seen that R-square values are more than 0.9 for all frequencies, which indicates that a good fit is chosen for regression.
Itis a standard practice to plot the regression residuals to verify whether the correct fit is chosen to reproduce the simulations.
If there is no significant residual trend with distance or magnitude, it can be inferred that a good fit is chosen for regression.
Regression residuals versus distance are plotted for My, 5.0 as shown in Fig. 2. Fig. 3 shows the plot of regression residuals
with a distance of My, 6.0. The plot of regression residuals for My, 7.0 is shown in Fig. 4. It can be seen that no considerable
residual trend is observed from these figures.
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Fig. 3 Plot of residuals for My, 6.0 Fig. 4 Plot of residuals for My, 7.0

The present-GMM is valid for a magnitude range of 4.5-7.5 and an epi-central distance range of 5-300 km. The lowest
possible spectral acceleration (SA) by present-GMM corresponds to a magnitude of 4.5 and an epi-central distance of 300 km.
As the depth of focus considered for a magnitude of 4.5 is 5 km, the corresponding hypo-central distance is 300.04 km. The
highest possible SA by present-GMM corresponds to a magnitude of 7.5 and an epi-central distance of 5 km. As the depth of
focus considered for a magnitude of 7.5 is 20 km, the corresponding hypo-central distance is 20.615 km. The lowest and
highest possible SAs by present-GMM (Eq. (8)) are shown in Fig. 1. It can be seen that the PGA (acceleration corresponding to
the frequency of 100 Hz) predicted by GMM has a range of 1-300 gals, which is lying in the range of individual records.

6. Comparison of Predictions of Present-GMM with Other Intra-Plate Ground Motion Relations
for Hard-Rock

The comparison of predictions of present-GMM, with other intra-plate ground motion relations for hard-rock for My, 5.0

is shown in Fig. 5. The prediction of various GMMs for PGA corresponding to various distances (hypo-central distance) and
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My 5.0 is shown in Fig. 5(a). It can be seen that NDMA-2010 and RI1-2007 predict much higher PGA values compared to other
GMMs. Peza-2011 predicts higher PGA values for distances up to 15 km. The present-GMM’s predictions are lying in the
band of predictions by other GMMs. Various GMM predictions of 5% damped response spectra for My, 5.0 and Ry = 50 km are

given in Fig. 5(b).
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Fig. 5 Comparison of other hard-rock ground motion relations with the present-GMM for My, 5.0

It can be seen that NDMA-2010 and RI-2007 predict higher SAs compared to other GMMSs. The response spectrum
predicted by the present-GMM lies in the band of predictions by other GMMs. Also, the SAs predicted by the present-GMM
are in the range of predictions of other international GMMs. However, the frequency band is relatively lower than those of
other GMMs. The comparison for My, 6.0 is shown in Fig. 6. The PGA comparison for various distances is shown in Fig. 6(a).
Response spectral comparison for My, 6.0 and R, = 50 km is given in Fig. 6(b). It can be seen that NDMA-2010 and RI-2007

have given higher predicted PGA and SA values in comparison with other GMMs. It can be observed that predictions by

present-GMM are lying in the range of predictions of other GMMs.
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Fig. 6 Comparison of other hard-rock ground motion relations with the present-GMM for My, 6.0

(b) 5% damped response spectra for My 6.0 and Ry = 50 km

The comparison for My, 7.0 is shown in Fig. 7. The PGA comparison for various distances is shown in Fig. 7(a). Response
spectral comparison for My, 7.0 and Ry = 50 km is given in Fig. 7(b). It can be seen that NDMA-2010 and RI-2007 have given
higher predicted PGA and SA values when compared with other GMMs. However, for short distances (up to 30 km),
NDMA-2010 predictions are relatively lower than RI-2007. It can be noticed that predictions by the present-GMM are lying in

the range of predictions of other intra-plate ground motion relations for hard-rock.
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Fig. 7 Comparison of other hard-rock ground motion relations with the present-GMM for My, 7.0

7. Comparison of Present-GMM Predictions with Strong Ground Motion Data of Koyna
Earthquake

Strong ground motion availability for the Peninsular Indian region is scarce. The Koyna earthquake is one of the few
earthquakes that occurred in the Peninsular Indian region. An My, 6.5 earthquake struck on December 10th, 1967 in Koyna [26].
This is one of the major seismic events for which instrumental strong ground motion data is available. The horizontal
acceleration record of this earthquake at an epi-central distance of 12.74 km is shown in Fig. 8. Corresponding response
spectrum along with estimated spectra from various GMMs are shown in Fig. 9. A comparison of the frequency content of the

Koyna earthquake with other GMMs is shown in Fig. 10.
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Fig. 8 Accelerogram of Koyna earthquake

Itis observed that the response spectrum predicted by the present-GMM compares well with the actual earthquake record.
From the frequency content shown in Fig. 9, it is observed that response spectra of other internationally available GMMs
contain relatively higher frequency content as compared to the present-GMM and Koyna earthquake records. This can be
attributed to the high-cut filter term in the ground motion simulations. It may also be due to the relatively smaller value of k =

0.005 for ENA [9] as compared to the relatively higher value of k = 0.01-0.018 for PI.
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8. Results and Discussion

Seismological parameters derived from earthquakes in the Peninsular Indian region are used to generate 12,852 artificial
earthquake records. Constants of the present-GMM are obtained by regression of response spectra of all these records. The
present-GMM is applicable for My, 4.5-7.5 and an epi-central distance range of 5-300 km.

The predictions of present-GMM are compared with other intra-plate ground motion relations for hard-rock. It is observed
that two other earlier GMMs of Pl have predicted higher PGA and SA values when compared with other GMMs. It is also
observed that predictions by present-GMM are lying in the range of predictions of other GMMs.

The SAs predicted by the present-GMM compare well with that of the actual Koyna earthquake. SAs of other
internationally available GMMs contain relatively higher frequency content as compared to the present-GMM and the Koyna
earthquake record. This can be attributed to the relatively higher value of the spectral decay parameter for PI when compared
with that of ENA. The present-GMM can be further improved by refining the seismological parameters using future
earthquake records if any.

9. Conclusions

The present-GMM based on the regression of simulated accelerograms was generated for a Pl hard-rock site. The

following conclusions are drawn from the present study:

(1) As artificial earthquakes are simulated using seismological parameters from actual earthquakes of PI, the present-GMM is
applicable.

(2) As R-square values are more than 0.9 for all frequencies, it can be confirmed that a good fit is chosen for regression.

(3) Present-GMM is compared with other intra-plate ground motion relations for hard-rock. The comparison shows that the

present-GMM s predictions are well within the band of predictions by other intra-plate ground motion relations.

(4) Finally, the present-GMM is validated with the record of the Koyna earthquake of PI. It is observed that the present-
GMM’s predictions are closer to the actual earthquake record of the Peninsular Indian region as compared to other GMMs.
Therefore, it can be concluded that the present-GMM can be used to evaluate ground motion parameters for the Peninsular

Indian hard-rock site.
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