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So Vanakam so will continue our lecture on engineering seismology. So, | do not know many of
you are aware that there was a earthquake in between the Bhuj and then the Pakistan ok then
Gujarat ok the Bhuj region of the magnitude 5 plus with focal depth of 10 kilometre. So this
earthquake was reported in the USGS website. It has been given a yellow warning not a green.
Ok, so, as | told you that if the magnitude of 5 occurs in USA or any developed countries like in
Japan and other place.

Ok so that is actually nowhere related, but the same magnitude of 5 is occurred in India which is
equal to the effect in the 6 magnitude in Japan and USA kind of thing. So this was the one of the
news generally before we are ending our courses of this magnitude happen. I do not know many
of you felt are reported on this date where the; yesterday this basically ok 14 June 2020. So, there
was 5 plus magnitude of exact magnitude that early 5.1 or 5.4. Of course | am not very sure | did

not see that Indian Meteorological data, but USGS it was announced that actually.

So we have been discussing about the prediction of the seismic hazard values ok estimation of
the seismic hazard value. So you have seen that the estimation of seismic hazard values one has
to know what is the maximum expected magnitude. What is the minimum ok distance it can
occur and then what is the recurrence relation based on the past seismicity data? So these things
we have discussed. So, these parameters going to the; your hazard estimation and basically the

hazard estimation is done using the predictive models or predictive equation.

So, today class we are going to discuss about what are the different predictive equations are
available particularly in Indian scenario as and now | tried to make the effort basically do going
through different research paper and try to summaries those equations part of my course ok, but

this equation as on today. And also you need to verify the original papers ok you should not take



it from the course directly. We should verify original paper if you want to use that equation and

estimate hazard values only I am giving you that summary.

So it is not a main reference, so you should check original paper. Some of the equation given
developed by my own team also, but still you should go to the respective paper rather than
looking at our PPT. Our PPT will give you the information about the; what are the different
equation we are having ok as on today? Ok, so this may be keep updated frequently depends
upon the period ok and the data as well.

(Refer Slide Time: 03:14)

+ The functional form of the predictive relationship is usually selected to
reflect the mechanics of the ground motion process as closely as possible.

+ This minimizes the number of empirical coefficients and allows greater
confidence in application of the predictive relationship to conditions
(magnitudes and distances) that are poorly represented in the database.

In(y) = C;+ C,M+C;MC4+Cyln[R+Ceexp(C,M)]
1 % 3

+CgR+f(source)+f(site)+a, (=Co)

5 6 7
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As we have seen that the predictive equation is the function of M which we have seen that the
maximum magnitude M and then R, so R is your hypocentral distance. So remaining are the
source parameters, site parameters and error term. So, this are the major component so generally
the M and R is a major contribution factor. So, the source and site is if you know that well
defined source type like that normal fault, rivers fault, trust fault, transfer fault. Site means soil
site, rock site. Ok subsoil medium soil, hard soil all those information will be incorporated in the
GMPEs. Ok. So that is called as a ground motion prediction equation for the estimation of

acceleration.



Ok or velocity if the intensity that is intensity predictive equation, if it is the duration. Is the
duration predictive equation so for the ground motion prediction equation generally gives for the
SA at 0 or PGA to the SA at a different period depends upon the equation when they develop?
(Refer Slide Time: 04:19)

Prediction Equations of World up to end of 2019

Arias intensity (32 models),

+« Cumulative absolute velocity (10 models), % g g

+ Fourier spectral amplitudes (18 models), Egs
+ Maximum absolute unit elastic input energy (6 models), T - S,
+ Inelastic response spectral ordinates (5 models), E g §
+ Japanese Meterological Agency seismic intensity (4 models) & g g §
« Macroseismic intensity (50 models, commonly called intensity &5 o'
prediction equations), é % E E
+ Mean period (6 models), - E
+ Peak ground velocity (137 models), "3
+ Peak ground displacement (35 models), E% ; 2
+ Relative significant duration (17 models) and vertical-to- gg ;1 §’
[+ <

horizontal response spectral ratio (12 models).
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So, these are all the parameters are useful for your prediction of the future hazard values. We
have seen that the ground motion prediction equation or predictive equation, where is a different
parameters starting from various intensity cumulative and all 1 told you to refer Douglas 2019
report for the Global summary. Ok in that. The major equation will be interested on the intensity

predictive equation.

And then peak ground velocity ok and then acceleration you predictive equation and then
duration predictive equation these are all the things were routinely used in the seismic hazard
analysis.

(Refer Slide Time: 05:00)



Predictive Equations- IPE
+ The intensity prediction equation (IPE) plays a very crucial role in hazard
and risk related studies.

* Macroseismic intensity, often used to record the response to earthquakes in
the past, provides an understanding of the behavior of earthquakes prior to
instrumentation. Despite being qualitative, uncertain in assignment, and
susceptible to author biases, it finds fair use in hazard evaluations.

¢ Its large data availability and easy interpretation often outweighs its
limitations. Rapid loss estimation models like prompt assessment of global
earthquake response (PAGER), earthquake loss estimation routine (ELER),
and earthquake loss assessment for response and mitigation (QLARM) also
utilize the attenuation relation to evaluate the intensity of shaking.

+ These models consider population distribution, building fragility, and shake
maps reflecting the attenuation trend over the region, thereby providing
quick alerts during earthquakes to enforce government decisions, prioritize
reconnaissance regions, and mobilize rescue teams.

=

Ok. Let us see. What are the predictive equations we have as | told you that the number of
predictive equation developed in India is much, much smaller than the number of earthquake
occurred? So even a great earthquake you can say that a number great earthquake, for example,
the number of great earthquake we have seen it was close to 11, 12 earthquake which has caused
extensive intensity damage olden days before 1950 where there is no earthquake measurements

are there.

But if you look at intensity predictive equation in the country right now, we have only one
equation valid for the entire country. Ok. So intensity predictive equations are called as a IPE
which gives the is the function of M and R you will get a intensity value for any region depends
upon the past earthquake where they developed. It plays a very crucial role in hazard and risk
estimation. Risk means like how much the damage you can expect.

How much intensities because intensity scale describe a damaged. If you know that damage you
can estimate how many fatalities can happen. How much economical loss happen. So the micro
intencity often used to record response of the earthquake in the past provide understanding of the
behaviour of earthquake prior to the instrumentation. Despite of being a qualitative data
uncertain assignment the susceptible unsettled biases find fair use in the hazard valuation since

there is a instrumental data is lacks the many of the country one of them even India.



If you have seen that many of the greater earthquake we do not have the record. Ok. We do not
have the instrumented record or obviously, we should go for the olden way of quantifying the
earthquake intensity and then convert that into the PGA or you can use it as such to predict your
what is the loss. So, large data available and easily interpreted of out of own weight. Its limits
rapid loss estimation model; like prompt assessment of the Global earthquake response
earthquake loss estimation, ok routine ELER and then the earthquake loss assessment and

response and medication.

So these are all the sum of the world level programs where they are ask us what is the
economical loss. What is the financial loss, how much the people will die? So those kind of
models highly depends upon the intensity predictive equation. So, intensity predictive equations
are so equally important particularly if you want to assess your risk and loss for any particular

region because PGA will give you the only the PGA distribution.

How the failure pattern that can be obtained only from the isoseismal based model. So this model
consider population distribution, building fragility, check map reflecting that innovation trend
over your region thereby providing a quick alert during the earthquake to enforce government
decision. Priorities recognize region and mobilize the rescue team. So, basically it to help on the

disaster management planning , the disaster planning and management.

Even when | read the news that we are been talking about the micro tremors in Delhi and other
region the NDMA approach Ministry of Earth Science asking them. Can we need to do anything
for this? Can we be prepared for the handling any big earthquake in the region, so that is why
they approached. Such kind of the preparedness the planning will need to know what is the kind
of lass you expect for the projector magnitude. So that reason the intensity equations are very
highly useful one.
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Predlctlve E(ﬂuatlons- IPE-India
+ Szeliga et al. (2010) for the Indian sub-continent provided a good set of
data for intensity evaluations over the Himalayan region and proposed an
attenuation equation

* [=a+bMw + cR +dlogR

- where Mw is the moment magnitude, and R is the hypocentral
distance.

The equation considered 12 events in the Himalayan region and reported
predictions using the EMS-98 intensity scale.

+ The coefficients Himalayan Region: a=6.05:0.94, b=1.1120.10, c= -
0.0006+0.0006, d=-3.91+0.38. Similarly for India and Craton also given

Valid for Mw of 4 to 8.6.

+ Martin and Szeliga’s (2010) catalog list are based on original source
material archived in Indian and European libraries, regional newspapers,

private letters, and qovernment reports.
Szeliga, W., S. Hough, S. Martin, and R. Bilham (2010). Intensity, magnitude, location, and
Enginesring Seismology attenuation in India for felt carthquakes since 1762, Bull. Seismol. Soc. Am. 100, 570-584.

As | told you that in India there was only one equation which is a developed by Szeliga et al.
This is the equation where is given so he provided basically the Himalayan region different
coefficient, Craton region different coefficient all over India different coefficient. If you want to
go know about the more about this Szeliga equation, please go through this, this equation also
developed 2010 there was after that considerably there are few earthquake occurred Isosales
maps also be available this need to be modified or updated, that is we are actually working on
that some of my students.

Hopefully we can also come up with the new intensity equation for southern India and North
India soon. The equation basically considered as a 12 events, the Himalayan region and reported
predicted using the EMS intensity scale. Ok the coefficient of Himalaya regions are given here
Martina and Szeliga catalogue list based on the original source materials archieved in India and

European library, see regional newspapers, private letters and government report.

These are all the information they compiled and used to assign intensity at different distances.
Magnitude from the past earthquake observation and try to get this recurrence regression
equation, which is called as a intensity predictive equation which will be useful to predict
intensity for any future earthquake.

(Refer Slide Time: 09:57)



Predictive Equations- GMPEs

* GMPEs play an important role in defining the conditional
distribution of ground-motion amplitudes for each rupture scenario
considered within the hazard calculations.

* For the Himalayan region, strong motion data for wide range of
magnitudes and hypocentral distances are not available as of
today.

* The lack of recorded data makes the hazard prediction estimation
more challenging especially for this the Himalayan region, having
such a diverse seismogenic characteristic seismology.

+ However, the advancement in ground motion simulation algorithms
and regression techniques help to resolve alleviate this issue
theoretically.
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The prediction of equation GMPEs ok is the next one. So the predictive equation ground motion
model. So, that this is GMPEs are basically the function of your acceleration or velocity.
Acceleration means again the peak ground acceleration or SA. So those kind of equation
predictive equation is called as a ground motion prediction equation because you direct know

what is the motion amplitude ok that is why ground motion.

This plays a very important role on deciding that your hazard at particular calculation. So the
accuracy of this kind of developed equation are very important ok, not only the accuracy. You
should also see that what is the data they consider. So for example as we know that the
seismotectonic of the region influence the what is the magnitude there occurred? What is the

depth it is occurring? How much is the acceleration plot look like? How the duration is?

So if you develop for example the east ok part of India where the geological seismotectonic
setting cannot be used in the West part of India even though is reminds same. You have to select
this kind of GMPEs depends upon the seismotectonic details of the region when matching the
seismotectonic region. For example the Peninsular India ok consider a stable continent region
can be matched with the similar stable continent region in the world, for example, East ok

Northeastern America is a stable continent region.



Many earthquake of data recorded are the understanding happened in the peninsular India has
been used in the Northeastern part of the US to predict hazard and understanding the earthquake
effect. Ok. So even the Bhuj earthquake that they were taken a very big lesson from the Bhuj
earthquake and tried to they their designed for their buildings on that one, but still our side we

forget after Bhuj earthquake most of the things.

So, we have been keep moving same way what we are doing which has to be corrected at least in
the future generation.
(Refer Slide Time: 11:59)

GMPEs for Himalayan Region developed in India

1 Singh et al. (1996) SI_96

2 lyenger and Gosh (2005) IYGO_05
3 Nath et al. (2005) NA_05
4 Sharma and Bungum (2006) SHBU_06
5 Das et al. (2006) DA _06
6 Nath et al. (2009) NA_09
7 Sharma et al. (2009) SH_09
8 NDMA (2010) NDMA_10
9 Gupta (2010) GU_10
10 Anbazhagan et al. (2013) AN_13
1 Bajaj and Anbazhagan (2019) BAN_17
12 Kumar et al. (2019) KUM_19
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So in India as | told you that GMPEs was not well developed very olden time. The first GMPEs
was developed in the actually 1996 by the Singh et al then afterwards and again 2005, 2005 and
2006, 2006, 9, 6, 10, 10, 13, 14, 19, 19. You can see that the gap ok, there is a huge gap period
between that this is the short form of the equation which I will be referring next time. So the
equations are at least started doing but still the number of equation available for the entire India
is less than the number of disasters earthquake in the country.

(Refer Slide Time: 12:41)



(Mw)

5712

385

5512

4676

4881

GMPEs for Hi

SL.  Abbreviation of

No.  the Equation

1 S1-9%

% 1YGO-05

3. NATH-05

4. DAS-06

5. SHBU-06

6. NATH-09

7. SH-09

5269

Range (Km)

<100

<300

<200

<100

<100

malayan Region

Standard Form of Equation
logya(ay) = by + b, M = bylog, R

Wherea, is the spectral acceleration in cm/s?

l0gyoy = ¢y + oM = Binr + exp(@¥)]
Where,yising

In(Y) = ¢, + &M + s () + ¢4

Where, Y is Peak Ground Accelerationin g
10g(PSV) = ¢, + M + c3h + clogy R? + b2 + ¢

PSA=PSVX2r/T,

Where, PSV and PSA are peak spectral velocity and peak

spectral acceleration

In(4) = c,M = bin[X + exp(@¥)]
Where, Ais spectral accelerationin g.

In(PSA) = ¢, + &M +¢3(10 = M)* + ¢4 (1, + coexps¥)

Where, PSA is peak spectral acceleration in g.

P
log(A) = by + byM +by mg( (B0 + b .

Where, Ais spectral accelerationin m/s?

Engineering Seismology

Coefficients value for Zero periods

by = 114, by = 031, by= 0,65
€ =-15232
= 03677
B = 10047
c; =041

¢=-36,¢,072,
¢;=-1.08, ¢,=0.007

¢=-0.4405, €;20.2993,
€:=0.0035,
¢=0.9007,
c=04252

¢;70.8295,
b=12,
¢,=0.5666
€,=9.143, ¢;=0.247,
c=-0.014,
€,=-2.697,
€;=32.9458, ¢;=0.0663
by = 10170, b, = 0.1046,
by = =1.0070, by = 15km,
b = ~00735, b, = ~03068,
S=1 for rock site and 0 for other case, H=1
for strike slip mechanism and 0 for other
cases

Ok that | want to emphasize you can see the short form of the equation we have given. So, you
can see the magnitude of range valid and the distance it is valid and this is a general equation
they use but you can refer the original paper and the constant respective constant for the details.
You can also see that ok so you can see that the magnitude range. So one has to be careful about
that particular magnitude which is applicable or not. Ok and then they are also given equation
form like site class, rock all those parameter you have to carefully go through and try to
understand and know you applicability and then identify that equation suitable to you or not.

So this anyway will be discussing the next class selection of the GMPEs. So, further we will

discuss on this.
(Refer Slide Time: 13:31)




SL.
No.

Abbreviation of
the Equation

GU-10

NDMA-10

ANBU-13

BAN_19

KUM_19

(Mw)

6372

485

5387

5070

Distance
Range (Km)

150-375

$500

<300

10-750

15sR<250

GMPEs for Himalayan Region

Standard Form of Equation
In(Y) = ¢, + &, M + c3h + c,R-g log (R),

Where. Y is peak spectral acceleration. g=1.55
In(PS4)

=+ oM + M + R +c5ln[R + ceexp @] + s In(R)S,

Where, PSA is peak spectral acceleration in g,
R
f, = max Un(m) 0)
log(y) = ¢; + ¢;M = blog(X + %) +0
Wherey is SAing, X is the hypocentral distance in km

Iny = a; +a,(M
= 6)+0a5(9 - M) + a5 In(R) + 0 InR(M - 6) + a;R + 0

0y = 0 if M < 6.and R < 300
Elsea,, = ag

R is the hypocentral distance

logA = C, + C;M = b log(X + %)
Aising
X is the hypocentral distance
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Coeficients value for Zero periods

¢,20.4598, ¢,=0.6909,
2001130,
©=-0.00202

€,=-3.7438, ¢;=1.0892,
¢;=0.0098,
¢,=-0.0046,

¢5=-14817, ¢=0.0124,

¢,=0.9950, ¢;=0.1249

¢ ==1283,
¢ =054,

¢ =0381,b=1792
a,=1.071

a,=0257
3,=0.184
a,;=-0479
2;=0.078

Because see the equation | can see that the NDMA may be the most robust one where the gap
between the | mean the magnitude ranges very wider, but there are also some issues there
because this was completely synthetic data. As | told you that NDMA is completely Synthetic
data. So rest of the data is actually considered the recorded but it is only a short distance it valid

you see 100, most of them are 100 kilometers except Das et al.

But the Das et al magnitude is this range is very small 5.5 to 7.2. So, similarly so then we
actually tried to overcome that so by adopting a more data and consuming more distance. By
combining synthetic and ground motion data that again further we modified. This is basically for
the Himalayan region so you can see 4 to 9 we developed and it is within 10 to 750 kilometre. So

then Kumar he has developed this one with this much distance.

So as on now | mean this is a equation which can be used widely for all the range of distance.

Ok. Let us see how this equation surfaces in your LLH approach like selection procedures.

(Refer Slide Time: 14:45)




GMPEs for Peninsular India

S. No. GMPE Abbreviation

lyengar and Raghukanth (2004) (Southem
India)
lyengar and Raghukanth (2004) (Koyna) [YRA-04-K

National Disaster Management Authority (2010) ~ NDMA-10

1 [YRA-04-S|
2
3
4 Bhabha Atomic Research Centre (2017) (1) RDS1-17
5
6

Bhabha Atomic Research Centre (2017) (2) RDS2-17
Bajaj and Anbazhagan (2019) (Variable Stress) ~ BAN-19-VS

Bajaj and Anbazhagan (2019) (Constant

Stress) BAN-19-CS

Engineering Seismology

Similarly Peninsular India we have about 7 equations out of 7, 2 was developed by us, 2 was
developed by the Bhabha Atomic Research Centre they have their own equation because they are
the ones who basically do the detailed seismic hazard analysis for the nuclear power plant
particularly the Tarapur, Vizag, Kudankulam and then the Chennai. So, these are all major plans

in the South India so that they developed their own equation.

Since | was expert member in those committees this equation is also reviewed by me and assesed
by me. Then NDMA they generated for entire India. So, Raghukanth and lyengar are the very
first equation in the Peninsular India where it was developed 2004 ok bye considering the Koyna
earthquake and other thing. So, this is the basically if you narrow down the; this one it actually

about only 3 equation why because the equation 1, 2, 3 is done by same group of researchers.

This is done by the same group. Ok. This is the 2 this is the one and this is the three only three
people worked on this and developed equation which needs to be enhanced because after 1950.
We have seen that number of earthquake damage in earthquake in India is close to 5 ok, but still
we are the only three GMPEs developed by the three groups with the different this one.

(Refer Slide Time: 16:08)



GMPEs for Peninsular India

. Abbreviation Functional form of the equation
Siilo of the GMPE
1 [YRA-04-SI In(yor) = ¢ + 2(M = 6) + ¢ (M = 6)* = In[r] = ¢4 + In[ey,
1n(yyr) = € +o(M = 6) + c5(M = 6)* = In[r] = c4r + In[ee]
2 IYRA-04-K
S, >
ln(—) = Gy 4 CoM +CM2 4 Cyr + Coln(r + Cee ™) +
)
Cgl fy + In[€!
B ki alog()fy + e]
fy = max(In(r/100),0)
Sais the spectral acceleration, M is the moment magnitude, r is
the hypocentral distance in kilometers
logy Yor = € + oM + €M% + ¢,R + cslogyy R+, M log,o R
i RDS1-17 Where, y,, = Peak ground acceleration

M =Moment Magnitude R = closest horizontal distance to the
vertical projection of the rupture surface in km

Engineering Seismology

Constants
o 1.72%
¢ 09453
¢ 00725
& 00064
o 17615
¢ 09325
o 00706
[ 00086
c, 52182
c 16543
c, 00309
o 00029
Cs -1.4428
& 00188
h 0998
G 04237
¢ 214643
¢ 1182929
600797
o 000117
& 285761
¢ 025063

Validity
Magnitude  Distance Range
Range [My] [km]
5080 30300
5080 30-300
485 1-500
5065 40-300km

So this is the typical equation where you can see the range of magnitude it is applicable you can

See.

(Refer Slide Time: 16:17)

So ok then the RDS and

GMPEs for Peninsular India

Abbreviation Functional form of the equation

RO of the GMPE

In(y) = C; + C,(M = 6) + C5(M - 6)* + C, (InR + Max(In(*/,,),0))
[in (B2
; e + ESMax[Iu () ‘0] -CR
Where,y = PGAin cm/s?R = hypocentral distancein km

M = Moment Magnitude

1n(y) = Gy +Cy(M =6) + Cy(M = 6)2 + (Cs + CM)InR

CR+ea  forMs§

8 EANAZYS In(y) = C;+ C(M=6) 4 (C;+ CM)InR+ C;R+e0  forM>6

y=PGAing, ¢ is the standard normal variable
M=Moment Magnitude R = Hypocentral distance
In(y) = C; + Co(M = 6) + Cs(M = 6)2 + (Cs + CM)InR + C;R + e
for M<6
7 BAN-19CS  In(y) = (, + C,(M —6) + (Cs + CM)InR+ C:R 460 forM>B

y=PGAing, ¢ is the standard normal variable

Engineering Seismology

& a 28

Q9LLy

Constants

-1.0087
0975
-0.2559
21563
-6.0061
0.05542

0.5241

2995
0.589
0216
0.486
-1878
0.098
0.005

0.667

2642
0253
0.079
0.054
2199
0.155
-0.004

0.422

Validity
Magnitude  Distance Range

Range [My]

5065

4080

4080

[km]

40-300km

10-500km

10-500km

here are also now I can say that this is the most the wider range of

distribution and magnitude applicable GMPEs ok for the Peninsular India. So, GMPEs for the

Northeast India; basically Northeast India; as | told that is a complex so you cannot use a

GMPEs North as well as the Southern India they have their own equation. Some of them is

applicable in the Northern India also may applicable to the Northeast as they used a composite

data but still the applicability has to be validated.



But sill the author claim that it is applicable to both so that is why it has been listed here. You
can see the 99 Singh et al, Sharma, Singh et al 2016, Nath 2012, Nath et al 2005, Das et al the
range magnitude and distance.

(Refer Slide Time: 17:07)

GMPEs for North East India
Abbreviation Distance
i'; Reference  ofthe  (Mw) Range Standard Form of Equation cmg:::nu "": e
: Equation (Km)
¢,=0.8295,
Shama and 46 In(4) = ;M = bIn[X + exp @],
7. Bungum  SHBU-0S 76 5 200 b=12
Where, Ais spectral acceleration in
e) : ¢=05666
2=0.086,
. log(Z) = aM + blogR +c. b=-0.547
8. Baruah et al. BA9 25 <145
(2009) 50 WhereZ is spectral accelerationin cms? ¢=0.185
€,=9.143, ¢,=0.247,
In(PSA) = ¢; + ;M 4 ¢5(10 = MY 4,055 + csexp™®),
Nath etal 48 o=0014,
9. NATH-09 <100
(2009) 81 €,=-2.697,
Where, PSA is peak spectral acceleration in g
€:=32.9458, ¢=0.0663
by = 10170, b, =
e 0.1046,
log(4) = b, + by M + bslog: (\‘R;',, + b} +bgS + bgH), by = ~10070, b, =
Sharma et 52 2 15km,
10. 2l (2009) SH-09 69 <100 Where, Ais spectral acceleration in m/s’
$§=1 for rock site and 0 for other case, H=1 for strike slip mechanismand 0 for b =~00735, by =
other cases ~03068

Again Sharma and Baruah et al, Nath, Sharma et al ok so that range can see them and some of
them he was given very small magnitude of range | am not very sure what kind of application
you can use this GMPEs.

(Refer Slide Time: 17:19)

GMPEs for North East India
Abbreviation Distance
:'; Reference  ofthe  (Mw) Range Standard Form of Equation c“"z':::"” "“":’ o
: Equation (Km)
€=-3.7438, ¢,=1.0892,
National Y 2
Disaster In(PSA) = €, + M +cM? + iR + cslnfR + ceexp(™)] + 5 In(R)S, ©,=0.0098,
14, Managemen NDMA-10 485 <500 €¢,=-0.0046,
t Authority _ v
(2010) Where, PSAiis peak spectral acceleration in g, f,=max{in(R/100),0] €:=-1.4817, ¢;=0.0124,
¢;=0.9950, ¢;=0.1249
2 log(y) = ¢; + &M ~ blog (X + e¥) 4 & 6 =-1283,
5, Arbaznagn gy 1y 5% oo (e =054,
etal. (2013) 87 Wherey is SAin g, X is the hypocentral distance in km ¢ =0381,b=1792
ay=1071
In¥ =a; + (M -6) + a3(9- M)* + agnR + o InR (M-6)+a;+0 T
ay=-0257
o =[5 for M < 6.and R < 300km 5= ~0.184
[ Otherwise
2 =-0479
Bajaj and Where, gt
18. Anbazhagan  BAN-18 a5 = 0078
Y is ground motion parameter in g
2008 a5=0076
M is the moment magnitude )
a;=-00085
R is the hypocentral distance in km
a=0817
Engineering Seismology




Similarly this is for the; this one is a Bajaj et al where our equation, which is very recently done
constrain to the both north and North Eastern part of data. You can see the respective equation
and coefficients. As | told you that all this equation if you want to use you should not take it
from this class video, you should take their respective paper and check everything and use it. Ok.
(Refer Slide Time: 17:46)

Predictive Equations- DPE
+ The duration prediction equation (DPE) plays a very crucial role in seismic
Damages.

« The cumulative damage experienced by buildings not only depends on
spectral acceleration, but also on the prolonged duration of the earthquake.

« Structural response during a strong motion depends not only on the
amplitude of the motion, but also its duration (Bommer and Martinez-
Pereira, 1999; Bommer et al., 2009; Kempton and Stewart, 2006; Reinoso
and Ordaz, 2001).

* It has been found that a strong correlation exists between the amount of
structural damage and the duration of ground motion.

+ Compared to maximum spectral response, duration shows a good
relationship to cumulative energy.

+ Not many DPE developed for India and also not widely used in seismic
design

Engineering Seismology

So these productive equations are useful to estimate your peak ground acceleration peak ground
velocity and peak ground displacement. And also here acceleration time is really like it you will
get here your response spectrum parameter those are all the GMPES are there. Another important
parameter ok so apart from the intensity and then for PGAs and PGV there is another parameter
like duration. We have seen the durations also plays a very important role in the damage of the

SUCCESS.

The cumulative damage experienced by the building not only depends upon the spectral
acceleration or peak ground acceleration. It is also depends upon how the longer duration taking
into picture. So that actual response during the strong earthquake depends upon the duration of
this one. So the protecting duration also very important there should be need for duration
predictive equation for any region. We have seen the Douglas summarized so many predictive
equations.

(Refer Slide Time: 18:44)



Predictive Equations- Intraplate Region with India

* Many empirical relationships for duration estimation were developed for
interplate region, whereas, a very small number of relationships exist for
intraplate region.

Let alone the small number, these were developed based on the scaled
recorded interplate earthquakes in order to represent intraplate
earthquakes.

The compiled earthquake ground motion data consist of 600 records with
moment magnitudes from 3.0 to 6.5 and closest site-to-source distances
from 4 km to 1000 km.

The nonlinear mixed-effects (NLME) and logistic regression technique (to
account for zero-durations) were used to fit predictive models to the
duration data.

Anbazhagan P. M. Neaz Sheikh., Ketan Bajaj P,, J. Mariya Dayana., H. Madhura and G.
R. Reddy, (2017) “Empirical models for the prediction of ground motion duration for
intraplate earthquakes” Journal of Seismology DOI:10.1007/s10950-017-9648-2
Vol.21 (4), 1001-1021.

Engineering Seismology

As per India concerned the predictive equations are very, very limited. There is no predictive
equation at all. There is only one equation which was developed by my research team, but that is
also for the intraplate region not for India. We have used India data. So, basically southern India
we collect different data from the intraplate region particularly where the Bhabha Atomic Centre

they used some of those intraplate GMPEs those data’s that has been shared.

So then we have used that and then we come up with the new equation considering the Australia
and then the other intraplate world region data from the BRC and Indian data from ourselves. So
this is a paper you can refer for the; this GMPEs and see. This paper gives the ground motion
prediction equation for the duration, predictive equation for the duration so this is applicable to
this range and distance of this range.

(Refer Slide Time: 19:44)



Predictive Equations- Intraplate Region with India
+ The combined model proposed for bracketed durations that account

for zero-durations is given by

E(Dy) = exp {Cy + C;(M —4) + ;R +{Cy + C5(M — 4) + C;R}S} x
p(Dbracketed > OIM:R) 20

* Numerous regression analyses were performed using various
functional forms for the predictive relationships and Best one was
selected.

The significant duration - D or D _model that gave the best fit for
the data (i.e. smallest standard dewatlon)

log(Dsig) = [C1 + Co(M — 4) + C3log(R) +{C4 + C5(M — 4) +
Colog(R)}S]

M is Moment magnitude, Ris hypocentral distance, S is site
condition; S = 0 for rock sites, S = 1 for soil sites

Engineering Seismology

This is our first equation for the prediction duration of the intricate earthquake. So this published
in the region. We basically estimated that bracketed duration. This is a function we have used
then again, we done for the significant durations 5 to 75, 5 to 85 this the function we used.
(Refer Slide Time: 20:00)

Predictive Equations- Intraplate Region with India

* The results from the regression analysis along with the associated 95%confidence interval are reported in
below Table.
* The given regression coefficients are derived by taking geometric mean, maximum of both the horizontal
component and by considering both the components.
[ c [s Gy c [ T e T
Geomean -143£052 1542012  -0005:00008 1274141 0641037 0007:0008 062 052 081
D””, Maximum  -1.26+044 156£0.12 -0.005 + 0.0008 1.02£1.30 0631037 0008£0012 061 048 078
Boh  114£033  162:009  0005:00008 13:083 0674025 0009:0004 051 044 068
Geomean -143£067 1442045  0005:00008 136164 0661043 000720006 073 05 0
D, Mamum 4258057 1374015 0005:00008 1032148 049042 0010012 072 05 00
Boh 1604043 1214011  0005:00008 1158103 0441029 0009:0006 068 051 085
Geo-mean -0.17610.11 0.04£0.02 0.724 £0.032 078+ .32 0.007 £0.05 0292011 015 028 032
s Maimum 01103013  003:003 06340042  005+3 00051007 0013:012 026 03 040
Both -0.061£0.08 0.08£0.02 0.71210.032 082+.32 0.005 £0.05 0321011 017 02 028
Geomean 00012009 0052:6002  0682£002 0712029 0008005 026201 013 027 030
D, .t1 waimm 00%6:011 008:002 062005 0526029 00043005 021011 013 02 0
Boh 0026041 01214002 0601003 056020 00058005 025:011 016 019 025
Geomean -1146:012 0006:002  0982¢003  106£029 0001000 038+009 024 030 039
D,,_u Maximum  -1.001£0.11 0033002 0.966 £ 0.03 0511031 0.00£0.00 0212011 020 026 034
Boh 0975011 0031002 0855003  091£020 000000 034000 019 0% 033
Geomean -1146:012 0006:002  0982¢003  106£029 0003000 038000 024 030 03
D,t1 haimm o0st6:011  0075:000 07912008  057:031 0001000 028:011 047 019 0%

Both -0528¢008 00811002 0.797£0.03 058£029 0.00 20,00 £2820.11 019 019 027
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So, if you want to get the coefficients and other details you can check this table, which is given
in the paper. So you can also go through, so this we have defined basically different duration
significant and bracketed type of duration and we have given this equation where people can use

M and R as a function and to get this one. We also consider rock site and soils site that means



rocks site we will have different duration soil site will have the different duration your M and R

may be the same ok that message you should I take it from here.

So these equations are useful to predict duration if you are interested for the liquefaction, slope
stability and anything structural damage related studies, you need this kind of equations. So,
these equations are very important role ok in hazard analysis. Because hazard analysis basically
you are estimating how much peak ground acceleration we are going to expect, how much
intensity you are going to expect, how much the Spectral acceleration at different period we are

going to explore, how much duration we are going to expect.

To estimate that you need this kind of predictive equations with this is also called as a
attenuation relation. Ok, the generally ground motion prediction equation something like that.
All those things mean a same there is a predictive regressed equations, which is the function of
M and R and then the soil type and source model. So generally source soil type they use for large

number of data accurately available. Otherwise M and R is generally used. Ok.

So this equation as | told you so many equations in India itself. If you look at a global scale you
have much more. So, how this equation should be systematically selected for any particular
region so generally for the normal people who do the hazard analysis without knowing the
detailed knowledge about understanding seismotectonic and then seismicity in the each region.
They selected randomly any equation or they used based on their own knowledge on the GMPEs
and then do a hazard analysis that how you will get affected by that how the hazard values will

affect that also going to discuss part of our course.

So we we will discuss a selection of GMPEs why it is important in the next class. Thank you

very much for watching this video, so | will meet you in the next class. Thank you.



