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Abstract

In the present study, the level of the largest earthquake hazard is as-
sessed in 28 seismic zones of the NW Himalaya and its vicinity, which is
a highly seismically active region of the world. Gumbel’s third asymp-
totic distribution (hereafter as GIII) is adopted for the evaluation of the
largest earthquake magnitudes in these seismic zones. Instead of taking
in account any type of M.y, in the present study we consider the w value
which is the largest earthquake magnitude that a region can experience
according to the GIII statistics. A function of the form ®(w, RPg,) is
providing in this way a relatively largest earthquake hazard scale defined
by the letter K (K index). The return periods for the w values (earthquake
magnitudes) 6 or larger (RPg4,) are also calculated. According to this in-
dex, the investigated seismic zones are classified into five groups and it
is shown that seismic zones 3 (Quetta of Pakistan), 11 (Hindukush), 15
(northern Pamirs), and 23 (Kangra, Himachal Pradesh of India) corre-
spond to a “very high” K index which is 6.
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1. INTRODUCTION

Earthquake hazard assessment of a region is the ultimate goal for geoscien-
tists, which is a useful tool for the preparation of earthquake risk mitigation
policies. Earthquake hazard can be defined as the probability of occurrence
of future earthquakes of a specific size during a given time interval in a
seismic region of the globe. Numerous qualitative as well as quantitative
methods have been formulated and applied by different researchers over the
years to assess the earthquake hazard in several seismic regions of the world.

The first (GI) and the third (GIII) asymptotic distributions of extreme
values (Gumbel 1958) have proven a useful tool in estimating earthquake
hazard in different seismic regions, globally distributed. Both Gumbel’s dis-
tributions have the advantage that they do not require analysis of the whole
data set used. These procedures require predetermined fix time intervals
from which the largest earthquake magnitudes are selected. These arbitrary
time intervals are usually based on the seismicity rate of the region under in-
vestigation. The selected time intervals are, in some cases, a good tool to ex-
clude automatically the fore- and after-shocks which is a necessary precondi-
tion in such kind of analysis (Yegulalp and Kuo 1974, Schenkova and
Karnik 1976). On the other hand, problems concerning the earthquake haz-
ard parameters obtained through this methodology have been discussed by
Knopoff and Kagan (1977). However, Bath (1973, 1975, 1983) suggested
that the dependency of the method on the largest magnitudes is the principal
advantage of the technique, given that the magnitudes of the largest events
are more accurately determined than those of small shocks.

Particularly, the GIII distribution has another advantage of the inclusion
of an upper-bound earthquake magnitude called “w value”. This upper-
bound magnitude is consistent with the concept of the finite maximum
stresses, which may have been accumulated in rocks during a time interval
of successive earthquakes and then subsequently released when seismic
events occurred. This parameter is a unique characteristic for a region and no
maximum earthquake magnitudes (e.g., maximum observed) in a region can
exceed this upper bound magnitude. Thus, for the computation of occurrence
or expectation of earthquakes with extreme magnitudes using probabilistic
models, the GIII asymptotic distribution allows a proper and natural physical
interpretation. The plots of frequency-magnitude distribution usually reveal a
curvature shape. This curvature has been observed especially when the dis-
tribution moves near the maximum earthquakes (Page 1968, Utsu 1971, Bur-
ton 1977, Bloom and Erdmann 1980). The parameters of the GIII distribu-
tion allow for any detectable curvature to the upper bound magnitude. Both
techniques of Gumbel’s first and third distribution have been applied for
earthquake hazard assessment by a number of researchers in different re-
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gions of the world (e.g., Yegulalp and Kuo (1974) for Pacific Ocean; Makro-
poulos (1978) for Greece; Burton (1979) for Europe to India; Makropoulos
and Burton (1985) for Pacific rim; Tsapanos and Burton (1991) for the
whole world; Tsapanos (1997) for circum Pacific belt; Shanker et al. (2007)
for Hindukush-Pamir Himalaya region; Bayrak er al. (2008) for Turkey;
Yadav et al. (2012a, 2013a) for NW Himalaya; Tsapanos et al. (2014) for
Turkey; among others).

The present paper confines itself to the evaluation of the “largest earth-
quake hazard level” (K index) for 28 predefined seismic zones in the NW
Himalaya and the adjoining areas. The w value is considered as the maxi-
mum (largest) earthquake magnitude for each one of these seismic zones and
the return periods (RP¢,) for @ values > 6.0 are also assessed. The classifica-
tion of the seismic zones in different groups, in terms of relative earthquake
hazard level, provides an image of quantitative largest earthquake hazard in
the NW Himalaya and adjacent regions.

2. SEISMOTECTONIC SETUP AND PAST SEISMIC HAZARD

IN THE REGION
The study region is one of the active seismic regions in the Indian subconti-
nent which is bounded by latitude 25°-40°N and longitude 65°-85°E (Fig. 1).
The investigated region is located at the western syntaxis of the Himalayan
part of Alpide belt and its neighboring regions, which includes India, Paki-
stan, Afghanistan, Hindukush, Pamirs, Mangolia, and Tien-Shan. This region
is one of the most seismically active continent-continent (Indian-Eurasian
plates) collision type active plate margin regions of the world. Structurally,
this region is controlled by large rigid lithospheric blocks of the Indian plate
from the south, the Afghan block in the southwest, the Turan plate in the
west, and the Tarim block in the northeast (Koulakov and Sobolev 2006,
Yadav 2009, Yadav et al. 2012b). The region exhibits intensive folding and
thrusting, which occurred in the Cenozoic and Mesozoic era (Gansser 1964).
The trend of folding and faulting in the Himalayan region is of NW-SE to
EW direction. The Main Himalayan Frontal Thrust (HFT) and the Hazara,
Sulaiman, and Kirthar ranges highlight the collisional deformations of the
Indian and Eurasian plates (Seeber and Armbruster 1981, Thingbaijam et al.
2009, Yadav et al. 2012b).

The seismic hazard level of the region under investigation is high in
terms of occurrences of larger size earthquakes during previous centuries and
exceedance of peak ground acceleration (PGA) estimated through probabil-
istic seismic hazard assessment. Two great earthquakes (1902, Caucasus
(Ms 8.6) and 1905, Kangra, India (Ms 8.6)) and several moderate to large
earthquakes (Figs. 1 and 2) have occurred in the region during previous cen-
tury (Gutenberg and Richter 1954, Yadav ef al. 2012b). Several researchers
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Fig. 1. Tectonic map of the NW Himalaya and adjoining regions, showing the fault
and fold systems (after Koulakov and Sobolev 2006, Yadav 2009, Yadav et al.
2010). Focal mechanism solutions of shallow earthquakes with My > 5.5 obtained
from Harvard GCMT catalogue during the period 1976-2010 are also shown with
beach balls in the map, revealing the style of faulting in different parts of the region.
Some large and damaging earthquakes are shown with stars along with year of oc-
currence.

(e.g., Chatelain et al. 1980, Burtman and Molnar 1993, Fan et al. 1994, Lyu-
bushin et al. 2010, Arora ef al. 2012) suggested that two converging seismic
regimes — northward subduction of the Indian plate beneath the Hindukush
and southward subduction of the Eurasian plate below the Pamir — control
the seismicity of the Hindukush—Pamir thrust zone. The western part of the
Himalayan arc, consisting of the Kashmir ranges, turns to the south near
Nanga Parbat to form the Hazara syntaxis (Meltzer et al. 2001), where the
2005 Kashmir earthquake (M 7.6) was nucleated. The Chaman fault zone
has been associated with two major earthquakes: 1931, Mach (Ms 7.4), and
1945, Quetta (My 7.7). The Arabian plate is apparently being subducted
northward, forming the subduction zone overlying the E-W trending Makran
ranges (Quittmeyer and Jacob 1979). The seismogenic surge of the 1945
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Fig. 2. Characterization of 28 possible seismic zones in the NW Himalaya and ad-
joining regions on the basis of seismicity, tectonics, and focal mechanism of earth-
quakes (after Yadav et al. 2012b). The epicentral distribution of independent
earthquakes (main shocks) of My >4.0 that occurred during the period 1900-2010
are also shown in the figure along with source zones that reveal seismic activity of
each zone.

Makran (My 8.1) earthquake triggered a tsunami in Pakistan and Indian re-
gions. The Himalayan Frontal Thrust belt of the Indian region has experi-
enced three moderate to large earthquakes of My 6.8 and 6.5 in 1991, and
1999 at Uttarkashi and Chamoli region, respectively, and most devastating
earthquake of the Kashmir Himalaya in 2005 of My 7.6. The study region is
located in all seismic zones, V, IV, Il and II on the seismic zoning map of
India (Bureau of Indian Standards (BIS 2002)), with an assigned Peak
Ground Acceleration (PGA) values of 0.4, 0.3, 0.2, and 0.1 g, respectively
(Nath and Thingbaijam 2012).

3. EARTHQUAKE CATALOGUE USED

The earthquake hazard assessment of a region depends upon the quality of
the prepared earthquake catalogue, i.e., compilation, homogenization of
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magnitude scale, removal of dependent events (foreshocks and aftershocks),
and finally completeness analysis with respect to magnitude and time. In the
present study, the earthquake catalogue is adopted from Yadav ef al. (2012b)
who compiled a homogeneous and complete catalogue for the region under
investigation using various historical and instrumental earthquakes cata-
logues. The initially compiled catalogue from different sources contains sev-
eral earthquake magnitude scales, which was homogenized for moment
magnitude (My) using different empirical relations established among body-
wave magnitude (my), surface-wave magnitude (Ms), local magnitude (M),
and moment magnitude (My). As we aforementioned, foreshocks and after-
shocks are removed using a spatial and temporal windowing method devel-
oped by Uhrhammer (1986). In this technique, a scan for the entire catalogue
has been performed within a defined spatial and temporal window for each
given earthquake. All events (foreshocks and aftershocks) with epicenters
falling within the defined two windows are removed after considering them
as dependent events. The completeness of earthquakes catalogue is performed
with respect to magnitude and time. The magnitude of completeness (Mc),
also called threshold or cut-off magnitude, is defined as the lowest magni-
tude at which 100% of events in space-time volume are detected. The
method of Entire Magnitude Range (EMR) (Woessner and Wiemer 2005) is
used to estimate the Mc. The completeness with respect to time is also calcu-
lated using a simple graphical technique known as “visual cumulative method”
given by Mulargia and Tinti (1985). A graph is constructed between the time
and cumulative number of events for a particular magnitude range. Then, the
completeness interval will be the number of years from the beginning of the
period to the last year of occurrence in the catalogue. A full review of con-
structions and content of this catalogue can be obtained from Yadav et al.
(2012b).

In the study of Yadav er al. (2012b) only the instrumental part of this
catalogue during the period 1900-2010 with My>4.0 was taken for the
computation of earthquake hazard and the epicentral distribution of earth-
quakes is shown in Fig. 2. It is observed that most of the earthquakes of this
catalogue are concentrated along the Hindukush—Pamir Himalaya region, the
Himalayan frontal thrust belt and the Sulaiman—Kirthar ranges of Pakistan.
The five largest earthquakes in this catalogue are: 1907 Hindukush earth-
quake of My 7.9; 1902 Caucasus earthquake of My 7.8 (Ms8.6); 1905
Kangra, India earthquake of My 7.8 (M 8.6); 1935 Quetta, Pakistan earth-
quake of My 7.7; and 1911 Sarez, Pamir earthquake of My 7.7. The cata-
logue consists of 32 earthquakes having magnitude greater than My 7.0 and
73 earthquakes of My > 6.5, which suggest that the examined region is high-
ly active.
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4. THE METHODOLOGY APPLIED
The Gumbel’s methodology, applied in the present study, is not a new one.
But, the use of w values of Gumbel’s third asymptotic distribution (GIII) as
the maximum magnitude is considered as a new approach for the scope of
the present study. Since the GIII method is widely known to the seismologi-
cal community, we shall give a very brief description below.

If M is the largest earthquake magnitude observed in successive equal
time periods of a given area, then the probability that M is an extreme value
magnitude is given by the following probability distribution function:

P(M):exp{—(w_Mjk}, (1)

where @ is the upper bound to M, u is the characteristic value, and £ is the
shape parameter, with P(z) = 1/e and P(w)=1. If the extreme equal time
span is one year, the return period RP (in years) for an earthquake magnitude
M is given as:

1
T(M)=———"—— | 2

(¥) [1-P(M)] @
where [1 — P(M)] is the annual probability that an earthquake magnitude
will be exceeded. If we have extreme intervals of N-year duration, then the
corresponding distribution of Py(M) can be related with the one-year ex-
treme P(M) by the following relation:

B(M)=4Py(M) . 3)

The GIII distribution gives an appropriate and natural physical interpre-
tation with the inclusion of an upper bound magnitude () that allows for the
calculation of the occurrence of extreme magnitude earthquakes using a
probabilistic model. The frequency-magnitude distribution often shows cur-
vature, especially when the largest magnitudes are approached (Page 1968,
Utsu 1971, Bloom and Erdmann 1980). The parameters of the GIII distribu-
tion allow both for any detectable curvature in addition to the upper bound
magnitude. For curve fitting, Eq. 1 is transposed into the following form:
. @
where 1 =1/k and plotting M as ordinate and [— In(P(M))]" as abscissa
draws a straight line with @ as intercept and —w(w — u) as gradient.

Earlier, Yadav et al. (2012a) computed the w values in a regional scale
for the 28 seismic zones in the Hindukush—Pamir Himalaya and surrounding
area. For this purpose they considered data for the period 1900-2010. In the
present study, an effort is made to evaluate new w values with additional da-
ta (2011-2013), keeping the lower cut of magnitude with My > 4.0, but the

M= w—(w—u)[—ln(P(M))]
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obtained results are almost the same as those obtained by Yadav et al.
(2012a). The average difference between the w values estimated by Yadav et
al. (2012a) and the w values obtained by this new attempt is approximately
—0.06, which is negligible. Therefore, we decided to use as the maximum
magnitude (o values) the results obtained in the present study for the estima-
tion of the largest earthquake hazard level. A description of these values is
listed in Table 1. In this table, it is obvious that @ values vary from 6.14 to

Table 1

The results of parameter w (present study and Yadav ef al. 2012a), M I(I’f;i ,
the return periods for RPsy and RPg and the relative largest earthquake hazard level
(K index) for 26 out of the 28 examined seismic zones

in the NW Himalaya and adjacent regions

W new w old .
Zones| (present | (Yadav et al. Difference Mo RPso | RPso g index
study) 2012a) (w new — w old) (in yrs)| (in yrs)
1 6.41 6.51 —0.10 6.3 3 62 2
2 6.99 6.90 0.09 6.7 3 24 3
3 7.73 8.44 -0.71 7.7 5 11 6
4 6.16 6.10 0.06 6.0 6 170 2
5 — - — 5.8 - — -
6 6.98 6.76 0.22 6.7 6 33 3
7 6.25 6.29 -0.04 6.2 8 387 2
8 6.46 6.58 —0.12 6.3 8 115 2
9 7.88 7.21 0.67 7.0 4 22 4
10 7.70 7.75 -0.05 7.4 2 4 5
11 8.04 7.67 0.37 7.5 2 3 6
12 8.1 8.26 -0.16 7.9 4 27 5
13 6.14 6.26 -0.12 6.1 8 302 2
14 7.22 7.00 0.22 6.9 12 61 3
15 7.92 8.15 -0.23 7.7 2 6 6
16 7.82 7.88 -0.06 7.6 4 18 5
17 6.63 6.54 0.09 6.3 3 245 2
18 7.63 8.58 -0.95 7.6 4 28 5
19 6.3 6.59 -0.29 6.3 5 89 2
20 7.05 7.13 -0.08 7.0 3 17 5
21 - - - 6.0 - - -
22 7.29 7.49 -0.20 7.1 2 14 5
23 8.12 8.03 0.09 7.8 4 18 6
24 7.71 7.86 -0.15 7.2 2 8 5
25 7.12 7.09 0.03 6.9 5 36 4
26 6.72 6.36 0.36 6.3 8 219 2
27 6.79 7.08 -0.29 6.7 4 18 5
28 6.47 6.62 —-0.15 6.4 4 42 3
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8.12, while the maximum observed magnitudes, M b are between 5.8 and

max ?

7.9. The largest observed earthquake ( M > =7.9) occurred in zone 12 dur-

max

ing the year 1907.

5. RESULTS AND DISCUSSION

In the present study, the authors emphasize their efforts to estimate the rela-
tive largest earthquake hazard level (K index) in 28 seismic zones of the NW
Himalaya and adjoining regions using a homogenous and complete earth-
quake catalogue covering the time period 1900-2013. A similar approach has
been introduced by Papadopoulos and Kijko (1991) for the seismic zones in
the Greece and Tsapanos (2001) for the seismic regions around the circum
Pacific belt. Both of the above approaches considered the maximum magni-

tude as the maximum regional magnitude, M% , proposed by Kijko and

Sellevoll (1989, 1992). In both of the after mentioned studies (Papadopoulos
and Kijko 1991, Tsapanos 2001) the relative seismic hazard level was de-
fined by the letter K. We keep this symbol to our study as well.

As mentioned above, the parameter @ derived from the GIII method is
used in the present work for the estimation of largest earthquake hazard level
in the considered region. A first inspection of Table 1 shows that, generally,

the estimated  values and M°> values do not differ significantly. This is

due to the fact that the estimation of the w parameter in most of the analyzed
seismic zones is based on relatively long duration of earthquake data, which
is comparable with the seismic cycle of the strongest earthquake in respec-
tive zones. The largest w values are evaluated for the seismic zones 11, 12,
and 23 with corresponding results of 8.04, 8.10, and 8.12, respectively. The-
se seismic zones are characterized by intense seismicity during the investi-
gated time period. We have also listed the return periods of earthquakes with
M=5.0(RPsy) and M= 6.0 (RPso) in Table 1. It is observed that the return
periods of earthquake M= 6.0 make sense since this magnitude is consid-
ered to be a hazardous shock and almost all of the 28 seismic zones have ex-
perienced such earthquakes (exception observed only in zone 5 with

M°® =5.8). Therefore, the return periods RPg are reliable for the further

assessment of the relative earthquake hazard level. Only two of the studied
seismic zones (5 and 21) show abnormal RPso We interpret this non-
normality on the basis of the fact that the distribution of these zones shows a
linear tendency rather than a curvature one (Fig. 3). These figures demon-
strate both linear and curvature distribution (as provided by GIII) in zone 5
and 21, respectively. The y* test is applied for both zones in order to examine
statistically which is the dominant distribution. On the basis of y* test, we
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Fig. 3. Gumbel-III distribution (dash red line) and linear least square fitting (solid
green line) with observed data (solid circles) for zone 5 (a) and zone 21 (b) showing
that observed data set is fitted better by linear line than GIII asymptotic curve in the-
se zones (modified after Yadav et al. 2012a).

observed very surprising results which show that both distributions can be
accepted. For zone 5, j° test for linear distribution is obtained as 0.999, while
for the curvature (GIII) it is equal to 0.993. Similarly, for zone 21, y* test for
linear distribution is observed as 1.000 and it is 0.999 for curvature distribu-
tion. The estimated regression coefficient (R”) for the best fit of the linear
distribution is obtained as 0.91 for zone 5, while 0.95 is observed for zone
21, showing percentage linear fitting of observed data. Another evidence for
linear distribution comes out from a first look on Fig. 3. The inspection of
these figures shows that the curvature distribution does not fit well to the up-
per bound magnitude, as it was expected from the Gumbel’s theory, but re-
lents lower than the maximum observed magnitude in both zones

(M =58 forzone 5and M =6.0 for zone 21). All of the above ob-

servations make us able to conclude that the linear distribution is more
proper for zones 5 and 21 than the curvature. Therefore, we excluded these
two seismic zones (5 and 21) from our study.

In order to assess the relative earthquake hazard level in the considered
region, we classified the 26 seismic zones under investigation in groups
based on their difference in largest earthquake hazard level (K index). For
this purpose, we follow a similar approach considered by Papadopoulos and
Kijko (1991) and Tsapanos (2001). Therefore, we equally took into account
the importance of w values and RPso. We considered that the K index isa
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Fig. 4. Spatial distribution of relative largest earthquake hazard level (K index) in 26
out of the 28 seismic zones of the examined region depicting the hazard level in dif-
ferent zones estimated by largest earthquake magnitude expressed by @ values and
return periods of M6.0 earthquake.

function of @ values and RP¢, and denoted as the term ©@(w, RP¢ ). This pa-
rameter (®) increases with w values and decreases with the values of return
periods RPs . Then, we constructed the following groups: @ <6.9, 7.0<w
<7.9,and o > 8.0, and defined them as 2, 4, and 6, respectively. We follow
the same procedure for RPg, (in years) and constructed three groups of this
parameter as RPgo <20, 21 <RP¢o <50, and RPgo>51 for the corre-
sponding numbers of 6, 4 and 2, respectively. The arithmetic mean of these
two parameters, i.e., K=1/2 [@(w) + ®(RP¢o)] expresses the adopted K in-
dex of a seismic zone. The K index has values equal to 2, 3, 4, 5, and 6 and
characterizes five groups of K, which are: very low = 2, low = 3, intermedi-
ate =4, high =5, and very high = 6. Table 1 (last column) demonstrates the
K index for each of the studied zones. Figure 4 illustrates the spatial distribu-
tion of K index in the 26 seismic zones (5 and 21 are excluded) of the NW
Himalaya and adjacent area, which were defined by Yadav et al. (2012b).
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A detail inspection of Fig. 4 shows that four seismic zones (3 — Quetta of
Pakistan region, 11 — Hindukush, 15 — northern Pamirs, and 23 — Kangra,
Himachal Pradesh of India) are corresponding with the “very high” K index
of 6. These seismic zones are characterized by intense seismic activity in the
past and Yadav et al. (2012a,b) also evaluated the largest earthquake magni-
tudes, of more than 8.0, in these zones either by GIII or Kijko—Sellevoll
methods. Next “high” K index of 5 is observed in seismic zones 10, 12, 16,
18, 20, 22, 24, and 27 in tectonic regimes of the Hindukush seismic Belt,
Caucasus, Kunlun fault, Kashmir, Uttarkashi-Chamoli region, and part of
Tibet. These regions are seismically active and have experienced several
moderate to large earthquakes in their history. Only two seismic zones (9 —
southern Hindukush belt, and 25 — Nepal Himalaya) show intermediate K
index having a value of 4 which corresponds with moderate size earthquakes
in the past. The low K index of value 3 is observed in four seismic zones: 2,
6, 14, and 28, while very low K index of value 2 is observed in seismic
zones: 1, 4, 7, 8, 13, 17, 19, and 26. These regions are associated with the
low seismic activity regions of the Pakistan, Afghanistan, Karakoram fault,
and parts of the Tibetan Plateau. It is interesting to note that about one half
of the studied seismic zones are associated with low and very low K index,
while about the other half of the studied seismic zones are corresponding to
high and very high K index. Yadav et al. (2010, 2012a,b; 2013a,b; 2015) al-
so investigated earthquake hazard using different statistical techniques in the
same seismic zones of the studied region and observed similar level of haz-
ard in these seismic zones, revealing the seismic characteristics of the region.
A good correspondence is also observed with spatial maps prepared by
Khattri et al. (1984), Bhatia et al. (1999), Lyubushin and Parvez (2010), and
Nath and Thingbaijam (2012) for peak ground accelerations (PGA) in the
examined region.

6. CONCLUSIONS

The parameter @ deduced from GIII method in the present study is a charac-
teristic parameter for any seismic zone. According to our knowledge, this
quantity has never been evaluated before for such kind of study in the exam-
ined region. Hitherto, only the maximum regional magnitude (M) has
been applied in such kind of studies (Papadopoulos and Kijko 1991, Tsa-
panos 2001).

For the purpose of this study, we used the relative largest earthquake
hazard level (K index) which can be computed as a function of the form of
O(w, RPs). The arithmetic mean of two parameters (w and RPg) is used as
a criterion to classify the seismic zones of the NW Himalaya and surround-
ing regions defined by Yadav et al. (2012b) in five groups. The considered
values of K index are 2, 3, 4, 5, and 6, by which the seismic zones are ranked
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as “very high”, “high”, “intermediate”, “low”, and “very low” level of K in-
dex. From the spatial map (Fig. 4) of these indexes, it is revealed that four of
the seismic zones (3 — Quetta of Pakistan region, 11 — Hindukush, 15 —
northern Pamirs, and 23 — Kangra, Himachal Pradesh of India) have very
high K index of 6, while eight of them show high K of 5. It is observed that

seismic zone 12, in which the largest observed earthquake ( M = 7.9) oc-

curred, shows high K index and not very high as it was expected. On the oth-
er hand, zone 23 shows very high K index while it has experienced a great
earthquake of My = 7.8 (Ms 8.6) in 1905. The spatial distribution of K index
among these seismic zones is very useful for scientific purposes along with
the designation of priority seismic zones for earthquake resistant design.

Acknowledgements. The authors are thankful to their respective in-
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