
Geotechnical Earthquake Engineering 
Prof. Deepankar Choudhury 

Department of Civil Engineering 
Indian Institute of Technology, Bombay 

 
Module -  7 
Lecture - 30 

Seismic Hazard Analysis (Contd…) 
  

Let us start our today’s lecture for this NPTEL video course on geotechnical earthquake 

engineering. We were going through module number 7 that is seismic hazard analysis, a 

quick recap what we have learnt in our previous lecture. We were going through one 

case study of seismic hazard analysis for the, for the Gujarat state in India which is the 

work done as part of Ph D thesis of Dr Jaykumar Shukla in 2013 at IIT Bombay under 

my supervision. 
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So, we have already seen that Gujarat is the only state in India which is having all the 4 

seismic zones as per Indian seismic design code IS 1893 part 1 of 2002 version. So, we 

have sub divided it into 3 regions and selected 25 urban cities or urban areas in such way 

that they are coming from all these 3 major regions; one is Kach region which is 

essentially in zone 5 which is the most vulnerable seismically area, next higher 



seismically area is zone 4 which is lesser than zone 5. But still significantly high 

seismicity is possible in that area which is Saurashtra region, and then main land Gujarat 

region which is in zone 3. We have not taken any city in this small zone which is in zone 

2 of course, it is least vulnerable or the lowest hazardous area as for the seismicity is 

concerned as per this IS code. 
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Now, we had also seen in our previous lecture that for these 3 major regions of Kachchh 

Saurashtra and mainland and also for entire Gujarat how the number of occurrences of 

earthquake has been plotted with respect to earthquake moment magnitude. And in that 

case, we have taken only those earthquake magnitudes which are having magnitude more 

than or equals to 4. So, those points have been plotted and using the least square feet 

method or LSF method the Gutenberg Richter recurrence law has been obtained. So, 

these are the Gutenberg Richter recurrence equations with the best feet regression 

coefficient earth square values for all the 3 regions including the entire Gujarat region. 

So, correspondingly the Gutenberg Richter coefficients a coefficient and b coefficients 

are obtained using this LSF method. The value obtained by this method the b value for 

Saurashtra region 0.64 which has been proposed by our result in this 2011 journal 

publication that has been again validated by Rastogi et all in 2013 for Saurashtra region 

they propose the b value of 0.67. 



(Refer Slide Time: 03:52) 

 

Then another method to obtain the b value is maximum likelihood method as proposed 

by Aki 1965 and Utsu in 1965. So, corresponding b values using this maximum 

likelihood method for Kachchh, Saurashtra and mainland Gujarat region are reported 

over here. 
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Then we have seen from our earthquake data available we have selected only those 

earthquake which are having magnitude greater than or equals to 5 to obtain the 

cumulative probability and using the 4 very well known probability distribution model or 



seismicity model. What are those distribution model, Pareto distribution, Rayleigh 

distribution, Weibull distribution and exponential distribution. And these dots are 

showing the actual earthquake which occurred on these dates and at this latitude 

longitude with this much of magnitude. 

So, this column automatically we can calculate their recurrence time in years that is from 

the first one to second one, how many years? From second one to third one, how many 

years? Like that you can see till the end we have calculated our data set for this 

publication we have taken up to 2007. So; obviously, if today and 2013 somebody wants 

to do this analysis once again they need to add more earthquake data if any of magnitude 

5 and above after 2007. Based on that what was our goal or objective to propose or 

predict, probabilistic way that when the next earthquake or to extrapolate when the next 

earthquake of magnitude 5 or more is going to occur in the Gujarat region. 
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So, to do that these are 4 basic probability distribution model which we have used these 

are the recurrence interval predicted using those equations last event occurred and next 

earthquake is expected over these years. So, you can see over here these data was 

published in August 2011 in this journal. And there was an earthquake of magnitude 5 

and above in September 2011 which validates that Weibull and exponential model is 

actually predicting very well which is also seen from this plot that Weibull model and 

exponential model are very well predicting the actual earthquake data points are trend. 
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Next in the previous lecture we had also seen what are the beta values or b values of 

Gutenberg Richter equation as proposed by present theory and by other researchers for 

the same Gujarat region. We have seen that our values are well comparable with some of 

the researchers finding, when the ranges of data set of earthquake considered is similar 

and more so with the recent day value of 0.67 of Rastogi et al of 2013 of Saurashtra 

region. 
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Now to start with the deterministic seismic hazard analysis we had mentioned that we 

have to make certain points to start with this analysis what are the salient features we 

considered, let us see like entire Gujarat we divided into 3 regions as we have already 

mentioned. So, earthquake catalogues also sub divided among these 3 regions based on 

the collected data set. And only the fault sources are considered for the seismic source 

and Poisson’s distribution for the earthquake occurrence is taken care of one assumption 

is that all the faults are assumed as normal fault, there was no specific data about the 

collected fault information. And their death of ranging between 10 to 15 kilo meter from 

the ground surface which essentially means these are the shallow earthquake sources. 
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Then we have seen from DSHA how we mention about MCE maximum credible 

earthquake or maximum considered earthquake in the combination of magnitude and 

distance from one particular site with respect to the fault distance and the magnitude 

which is going to occur as per this deterministic seismic hazard analysis. 
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So, we need to know the complete fault map of the entire Gujarat region when we are 

planning to do the deterministic seismic hazard analysis for the region. This is picture 

shows the complete fault map there are more than 40 faults, but only the 40 major faults 

are considered in the analysis. And from the literature available whatever length was 

mentioned one third of that has been taken further for the calculation of the magnitude 

length of fault relationship. The details again can be obtained in this journal paper of 

natural hazards and earth system sciences. 
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Then we have also seen in our previous lecture that what are the various GMPE’s is or 

ground motion prediction equations we considered seven ground motion prediction 

equations we considered in our analysis, 6 from abroad and one from India which is for 

peninsular India, because Gujarat region is within the peninsular India that is why it is 

logical to use the GMPE’s from peninsular India which is expressed both in terms of 

magnitude and distance that we should remember. And these are the salient remarks 

about each of the GMPE’s. 
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And this is the variation of spectral acceleration versus hypocenter for all the 7 GMPE’s 

which are considered in the present study as can be seen from the picture. So, up to this 

we have discussed in our previous lecture. Now, we will continue further in today’s 

lecture how we can obtain the deterministic seismic hazard analysis results. So, we know 

how to estimate this seismic hazard analysis result. Now, let us apply it for the selected 

25 urban cities. 
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Now let us look at this slide over here, these are the 25 cities or 25 urban areas for which 

we are doing the deterministic seismic hazard analysis. For that we have selected these 

latitude and longitude, northing and easting are given over here. So, at that point we have 

calculated that considering that point as a site, we have considered what are the 

deterministic seismic hazard results? For that is deterministic seismic hazard scenario for 

a controlling fault and magnitude distance pairs for two major cases. If you see this 

broad classification of the table; one is for the short period case, short period means we 

have taken a specific value of let us say 0.2 seconds as it is mentioned over here which is 

typically about a two stored building, why I have already mentioned it is a thumb rule 

not exact, exact we can easily find it out which I will discuss later in another module of 

this course that n by 10 is the formula which as a thumb rule we used to obtain the 

natural period of any structure. 

So, if the two stored building then it comes about 0.2 seconds which is considered as a 

short period, whereas long period we considered in the present study as 2 seconds which 

is about how many stored building? Two empty stored building, as per our thumb rule 

typically remember. So, this comes under the high raised building category. Now, if you 

can look at this different cities which fault and which magnitude and distance is 

dominating or coming as an output result of a DSHA, because DSHA, how we express? 

We express in terms of magnitude and distance combination I have already mentioned. 



In the previous lecture also and today in the recap that in that combination if you look 

here in this table of 25 cities which are in the blue color, sky blue color. 

Those cities if you look carefully for short period and long period there is a difference of 

fault number, what does it mean? That means, let us say the first row that is for the 

Ahmedabad city. For Ahmedabad city when we are considering the effect of short period 

or we are analyzing for short period for that fault number 24 is coming to be more 

critical which gives us the value of M W as 5.5 and a distance from site this is the site to 

source is about 14.290 kilo meter. 

Whereas if we do for the same Ahmedabad city for long period analysis with using the 

same deterministic seismic hazard concept, we will see that another fault, fault 17 

becomes more critical. In that case the magnitude which is coming as output is 7 and the 

distance from side to source is 171.240 kilo meter. So, can you see? So, all these blue 

color cities are having different faults in different conditions of short period and long 

period which are considered as hazard fault or most hazarders faults as per this 

deterministic seismic hazard calculation. Whereas other cities which are in this light 

yellow or half white color like for example, let us say this 4th row Varudh city, for 

Varudh city whether it is short period or long period, the dominating fault or the 

influencing fault which influence the result or which dictates the results is f 33 fault 

number 33 in both the cases. 

And value of this M W and distance are also same 5.5 and 7.19, can you see that? Which 

is again another validation one can easily say after obtaining this deterministic seismic 

hazard results, we are already have very well documented and well known 2001 Bhuj 

earthquake. In Bhuj earthquake the Bhuj city on the epicenter of earthquake was far 

away from Ahmedabad which is actually in main land Gujarat region if we go back to 

Gujarat map. So, Bhuj is somewhere here as you can we see over here where as 

Ahmedabad is here, so far away. Actually Ahmedabad is in zone 3, whereas Bhuj is in 

zone 5. But for Ahmedabad after this 2001 Bhuj earthquake several buildings collapsed, 

several high raised buildings collapsed, what was the reason? Now we got the 

mathematical proof also from this deterministic seismic hazard analysis from this table 

we as we have seen for long period or raised building this long distance from source to 

side dominates which is dominated by fault number 17 and magnitude is 7, but for small 

buildings it is not so. 



That is the reason why Ahmedabad city though it is it was far away from Bhuj city 

during 2001 Bhuj earthquake, but as there were many high raised buildings which are 

coming as within the purview of deterministic seismic hazard of long period from this 

fault influence of f 17 at a distance of 171.24 kilo meter that dominated clear, whereas 

for other cities, where the same fault dominance for whether short period or long period, 

it will not matter that much. So, people may always think why Ahmedabad was so much 

devastated? One of the reason is this one which can be proved by this deterministic 

seismic hazard analysis. There were other reasons as well soil amplification also where 

another reason which anyway we will come lateral on. 
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So, let us look at this picture once again, this result for Ahmedabad city only what are 

typical scenarios for Ahmedabad city? This red color curve; this red color result for 

spectral acceleration versus spectral period which has been obtained after this 

deterministic seismic hazard analysis you can see this red color curve dominates at 

higher period. That means, this red color gives the value of spectral acceleration higher 

at higher values of period, whereas this black color curve gives the higher value at 

smaller period. That automatically means this black color curve should be considered for 

shorter period or low raise building whereas this red color curve should be considered for 

design of high raise building. 



So, accordingly we should select that is which fault and for high raise and which fault for 

low raise building will dominate and what will be that value of M W and what value 

what value of that source to site distance will dominate? So, this is the result of 

deterministic seismic hazard analysis as we express in terms of magnitude and distance 

pair. So, this is for long period; this is for short period clear. 
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Now, let us compare our results with respect to the results or the suggested values given 

in our Indian seismic design code IS 1893. Let us look at the typical deterministic spectra 

which is given by IS 1893 2002 for zone 3. So, this is for spectral acceleration g versus 

spectral period. This red color line shows us the deterministic spectra as per the IS code. 

And the other two of course, showing two different data set, what are the those data set 

for deterministic spectra for Ahmedabad city? One is for 0.5 fractile, this black dots and 

another this black triangles are 0.84 fractile, let me mention you what are this fractile 

means. The 0.5 fractile means 50th percentile; 50th percentile is nothing but it represents 

MCE which is maximum credible earthquake. And maximum credible earthquake is 

nothing but which is proposed in our IS code also as per MCE values. And what will be 

the design basis earthquake? That will be typically half of that maximum credible 

earthquake. 

And what is that 0.84 fractile? That 0.84 fractile is 84th percentile which represent SSE; 

SSE is nothing but safe shutdown earthquake I have already mention this in the 



beginning of this module, what does it mean? 84th percentile means there is a chance of 

remaining 16 percent, 16 percent probability of occurrence of earthquake more than or 

exceeding that value that is what it means. And remember this spectra, response spectra 

whatever deterministic spectra has been drawn that is drawn with 5 percent damping, 

considering 5 percent damping of an equivalent single degree of freedom mass spring 

dashpot system clear. 

So, that the cities representing the Kachchh region has very high ground motions and 

mainland Gujarat has lowest ground motion which is quite of obvious. Whereas for 

Saurashtra region, mixed results are obtained. And in this figure we have shown the 

comparison of the present study whether it is MCE or SSE based on that with respect to 

IS code method. And we can easily see that our present result of MCE is matching very 

well with the IS code proposed deterministic spectra for Ahmedabad city, can you see 

that for Ahmedabad city it is matching closely. But still there is one problem as you can 

see at higher period there is a discrepancy between the 2 cases. 
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And this deterministic scenario when we compare for all the 25 urban cities or urban 

areas these are the median or 0.5 fractile or 50th percentile PGA value which we obtain 

from our present analysis in the unit of g, so for Ahmedabad it is 0.125 g. So, zone 

assigned as per IS 1893 for Ahmedabad is zone 3 and PGA value as per IS code 

considering MCE, maximum credible earthquake is 0.16 which is relatively closer to this 



finding, whereas if you consider the design basis earthquake, the PGA value comes out 

to be half of this MCE which is 0.08 g for Ahmedabad. 

Like that for all other cities, you will find out the values, here typically Ahmedabad you 

can see our present study is on the lower side than IS code proposed value. But if I want 

to take your attention safe or seismic zone 5 which is most vulnerable zone as per 

seismic zonation map of IS code. Let us look at the Bhuj city, as per our present study 

the 50th percentile or 0.5 fractile of PGA or median PGA comes out to be 0.62 g which 

is in zone 5, as per IS code it gives only 0.34 which is much lower than what it should be 

taken and design basis earthquake is half of that, so 0.17. So, you can see here lot of 

discrepancy in zone 5, compare to present result and what is proposed by IS code and 

that discrepancy is towards the unsafe side I will mention that in that way. So, one need 

to take care of this issue very carefully, because IS code has mentioned these values on a 

gross way, they have not done or micro domination which it is based on the macro 

donation or the overall region study. Whereas we have seen for Gujarat doing an overall 

study is not justifiable, we have do region specific and location specific within a region 

also. 

So, when we know that and after doing the analysis we found this kind of values very 

high value that automatically says that probably that may be a one of the several other 

reasons that why the Bhuj earthquake was so much of devastating though the IS code has 

proposed some values which is much lower than what has been obtained through this 

deterministic seismic hazard analysis. But another point I want to mention over here 

remember these are the deterministic seismic hazard value. So, if we want to use 

probabilistic seismic hazard value, probably it will come down it will come down, but 

this deterministic seismic hazard value should be used for suppose if somebody is 

interested to construct very important structure like nuclear power plant or very long 

important bridges or earthen dams etcetera in Bhuj region. 

This is another reason one can correlate that after this 2001 Bhuj earthquake there were 

several damages in many of the earthen dams. These can be one of the reason that the, 

what is actual value of PGA for deterministic seismic hazard or probabilistic seismic 

hazard we will get or on the higher side than at what value was designed for using the 

earthquake code of previous version that is 1984 version. Now, let us move to the next 



step which is probabilistic seismic hazard analysis for this entire Gujarat. So, PSHA for 

Gujarat now we are going to do. Let us look at the slide. 
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So, PSHA for Gujarat in this case also we are using 4 seismicity model to do the 

analysis, what are those 4 seismicity models? Let us look at here this red colors, these are 

showing exponential model because already we have mentioned that exponential model 

is one of the better model or good model. So, exponential model using the b value what 

we obtain from our proposed analysis using LSF, LSF means least square feet estimate. 

This pink colors these are showing exponential model b value as per M L estimation that 

is maximum likelihood estimation. 

This blue colors are showing the exponential model has been used using the b value of 

0.92 for peninsular India, as proposed by Jaiswal and Sinha in 2007, we want to just see 

what are the influence of other models that is why we have used this value of b. These 

first two are our proposed value or obtained value and this is as per Jaiswal and Sinha. 

And this black colored dots are the characteristics model for that side for that location. 

So, these are the 4 seismicity model parameters, and annual rate of exceedance of an 

event with magnitude more than or equals to 4 or taken care off. 
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Next is to identify the logic tree which we are going to use for this probabilistic seismic 

hazard model Now, for the entire Gujarat we already have sub divided it into 3 major 

regions Kachchh, Saurashtra and mainland Gujarat. Now, within each of these regions 

we have several other number of cities, among them only few selected cities have been 

shown over here. But in actual calculation all are taken care of, because just to show one 

particular calculation it has been shown. Suppose within Kachchh region whatever cities 

were there, there were several cities we have mentioned over here Gandhidham and 

Bhuj, they were other cities also within Kachchh which we had considered in our present 

study. Similarly for Saurashtra these are the cities there are other cities as well for 

mainland Gujarat these are the cities there were other cities as well. 

Now, if we consider one particular city say Bhuj city for that now we have taken 4 

seismicity model, can you see that? So, b value of 4 seismicity models we have reported 

over here, like for Bhuj we obtain b value using the least square feet method by our 

present study 0.417 for Kachchh region that should applied to Bhuj then Jaswal and 

Sinha’s value is 0.92. Then as per the present study using maximum likelihood method, 

the value we obtain for Kachchh region is 0.525 and another one is using the 

characteristic model. 

Let us give equal weightage to all of them, as I said it is the designer’s choice or based 

on the experience or knowledge on the area or the earthquake analysis and study etcetera. 



So, we have given equal weightage of 25 percent to all this 4 characteristics model or all 

this 4 seismicity models similarly, for other cities as well. Now, when we are considering 

one particular value within that again we have 7 sub branches, what are the 7 sub 

branches? These are nothing but GMPE’s, what GMPE’s we have used? 7 GMPE’s I 

have mentioned, 6 from abroad and one from India. So, all these abbreviations are listed 

over here, you can see logic tree used in seismic hazard computations, figures in bracket 

show the weightage assigned in the seismic hazard computation. So, these bracketed 

values are the weightage which has been assigned to them. 

Abbreviations like Raghukanth and Iyengar in 2007 GMPE’s is shown as RI07. So, this 

one is RI07, Abrahamson and Silvan in 1997 is AS97. So, AS97 then franklin like that 

all other model you can see. Here again we have tried to give equal weightage to all the 7 

models 7 attenuation models or GMPE’s. So, equality comes about 0.14 or 14 percent 

each of them, but 2 percent remains if we take 7 models equally distributed. So, 7 into 14 

we will get 98. So, another 2 percent extra which have assigned to that Indian attenuation 

relationship for peninsular India given by Raghukanth and Iyengar, because it is a Indian 

model. So, that is why little higher weightage we have assigned to this model. 

Now, if we have more Indian model, we can think about reducing the weightage of this 

American or the GMPE’s which are exclusively for America you can exclude those 

things and you can take worldwide proposed GMPE’s and the Indian GMPE’s for this 

region particular region. You remember; you cannot take GMPE’s of Himalayan region 

or northeast; you should take from this Gujarat region which is in peninsular India. 
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Next is PSHA calculation over view. So, what are the steps we are doing? Number of 

faults as I have already mentioned 40 major faults has been identified and those are 

considered only for further calculation. And number of magnitude recurrence relation 

which we are using are 4, 4 models we are using right. And number of GMPE’s which 

are using is 7 GMPE’s we are using. So, for each city how many competitions we should 

do? That is 40 into 4 into 7 that is 1120. 

So, to create the PSHA map with the grid points of 8430 that will mean that you have to 

get the value of 8430 times of 4 and 7, why only this 4 and 7 we are multiplying? 

Because we already mentioned earlier that magnitude recurrence relation and the 

attenuation relation we are giving the independency to these two. So, these many 

competitions need to be carried out in the present study which of course, require the use 

of computer software. And there are several computer software are available which can 

perform this probabilistic seismic hazard analysis like Seisrisk 3 crisis 2007 e z-frisk 88 

etcetera. And using the M S excel of course, after getting all these grid point values you 

have to then assign them and prepare a two dimensional chart. So that you can find out 

final probabilistic seismic hazard value that we have seen already how to arrive at that 

value. 
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Now, let us look at this table which mentions about performance levels of ground 

motions considered. So, there are 3 designations commonly used worldwide and also in 

the seismic design code of various countries including Indian code which describes the 

performance level as level 1, level 2 and level 3. What does it mean? It means level 1 

means level 1 means chance of exceedance or probability of exceedance is 50 percent in 

50 years period at least once. So, how much return period will come if we calculate using 

that Poisson’s distribution which we have already done, it comes out to be 72 years. Like 

for other two already we have done the calculation, level 2 is called probability of 

exceedance with 10 percent of probability of exceedance in 50 years span at least once 

comes out to be return period of 400 and 75 years. 

Similarly, level 3 is 2 percent of probability of exceedance within 50 years at least once 

that gives us return period of 2475. So, these are the 3 levels by which one can go for a 

design. And these are characterized as their earthquake designation is known as for level 

1 it is called operational basis earthquake or OBE. Level 2 is called contingency level 

earthquake CLE and level 3 is called maximum credible earthquake or MCE. So, 

depending on what level of performance we want for our structure to be designed, 

accordingly we can find out corresponding to PSHA curve or seismic hazard curve. It 

automatically means whatever this 1120 number of repetitions we have to do, out of 

these 233520 computations for this present study we have to repeat it so many times for 



each level, for level 1 also we have to do so many times for level 2 also, level 3 also 

clear. 
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So, these curve shows the typical seismic hazard curve for Ahmedabad city, you can see 

over here annual frequency of exceedance in y axis and in x axis peak, peak ground 

acceleration. There are 3 levels you can see 72 years return period 475 years return 

period and 2475 years of return period. This is nothing but here that lambda max, can 

you see? And this is your a max and what are these faint lines shows, those are nothing 

but considering all year 7 GMPE’s and 4 model parameters. And this is the average of 

them or after taking I should not say average it is weighted average after taking the logic 

tree method, this is the final curve which you are getting for Ahmedabad city. So, like 

that for each city you can generate this kind of hazard curve of lambda versus lambda a 

max versus a max clear. 



(Refer Slide Time: 39:46) 

 

Now, this shows this picture; this slide shows comparison of various seismic hazards 

among this 25 cities. So, all the 25 cities we have combined in this picture and you can 

get a rough estimation of what is lambda a max versus max plot of various seismic 

hazard. And correspondingly you can go for a selected value of a max, what is the use of 

this graph or this result? As already I have mentioned let us take this example, suppose if 

you are going for a design with this OBE or OLE that is 72 years of return period then 

your a max value you should consider this much clear. 

But if you want to go for your design of that 2 percent exceedance with 2475 year return 

period, you should go here you’re a max value which you should use for design is this 

much can you see? So, here for Ahmedabad city corresponding to 2475, the value is 

coming typically about 0.3 g, am I right? Whereas if you go for 72 years of return period 

value is coming somewhere here which is 0.05 g, can you see? So, it depends for how 

many years of return period or for what probability of exceedance of an event you want 

design your structure at a particular city. Accordingly, your a max value or PGA value 

has to be selected from this hazard curve clear. Similarly, for other cities also you can 

obtain from this present result.  
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Now, how to use this hazard curves? As I have already explained, but further we need to 

compare this hazard curve with respect to the given Codal provisions because finally, 

one should follow the seismic design code if any countries having like our India is 

having seismic design code. So, how to generate a curve which can match or compare 

with respect to the result given in the code? So, let us see how it can be done. So, use of 

that PGA, peak ground acceleration what we have obtained just now for the seismic 

hazard curve. So, already we got some pattern something like this of mean annual 

exeedance lambda a max versus a max plot from which depending on your return period 

you can get a particular value of a PGA. 

Now, what you are going to do? You take a plot of acceleration which will be your 

spectral acceleration versus time period; you can plot that value of PGA corresponding to 

time period equals to 0, am I right? Because this starting point will be always same. So, 

if you plot suppose from your seismic hazard curve you got the value of PGA is 0.33 g, 

like for Ahmedabad city we saw from our present result we got for 2475 year return 

period as was coming 0.3 g. So, similarly here one example is shown a typical example 

not related to our analysis, it shows that for 475 years return period PGA comes out to be 

0.33 g. So, this is the 0.33 in this scale normal scale; this is also in normal scale. 
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So, you plot that point, next what you need to do you need to draw another seismic 

hazard curve which will give you the mean annual rate of exceedance of spectral 

acceleration corresponds to 0.2 second. It should not be with respect to a max it should 

be lambda of a corresponds to 0.2 second of spectral acceleration clear. So, for the same 

return period you have to select what value you are getting for the spectral acceleration 

which corresponds to that 0.2 second. Let us say we got it as 0.55 g earlier we got this 

0.33 g this value next corresponding to 0.2 second we got this 0.55 g. Like that for 0.5 g 

for 1 g for 0.5 second for one second, for 1.5 second, for two seconds etcetera you will 

get all these points when you will get all these points that will give you your spectral 

acceleration results obtained from your present analysis and that curve you can compare 

with respect to the IS code recommendation clear. That is how this seismic hazard curve 

is make use of for practical design purpose. 
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So, this is the comparison you can see development of that uniform hazards spectra. So, 

that spectral acceleration curve is nothing but we mentioned it already it is UHS or 

uniform hazard spectra which finally, we compare with our codal provisions or codal 

values as given in our IS code IS 1893 part 1 2002 version for zone 3. So, you can see 

that black color line that is for as per our Indian standard code prediction. And the 3 

colored blue green and red shows here for Ahmedabad city what are the UHS obtained 

considering different return period. Say return period 72, this blue line return period 475 

years; this green line and return period of 2475 is this red line, that means, if you are 

going to design any structure in Ahmedabad city using your IS code recommended value 

of this spectral acceleration, you will be actually designing it for return period of 475 

years, can you see the similarity between their values? But if you are planning to design 

an earthen dam or an important bridge or a nuclear facility in Ahmedabad region you 

should go for return period of 2475.  

In that case you should not design it for 475 years in that case again if you follow the 

codal provision blindly you will do a serious mistake, because that value of spectral 

acceleration is much lower than the highest value of the spectral acceleration given for 

this 2475 years. 

So, am I clear now? How this IS code has value proposed value has to be used very 

minutely and with complete knowledge of this hazard analysis. Because manier times 



people tend to use the IS code recommended values blindly without knowing the 

inherent calculations of obtaining this hazard curve, because as I said code cannot give 

you individual curve like 1000s of cities of India like this. That we have to do the 

analysis if it is an important structure or important construction is going to come we have 

to do a region specific, location specific, hazard analysis in this fashion. And then 

recommend what value of spectral acceleration should be considered for design, it may 

match the IS code it may not match the IS code value clear. So, hence forth I will expect 

those will be going through this video lecture will not blindly adopt the IS code 

recommended values. 
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Next let us see the deaggreagation analysis for one particular city, let us say Jamnagar 

city, why I want to show this result deaggreagation or deaggreagation that gives us the 

idea which source and which distance dominates for a particular city or particular region. 

As you can see from this values or this peak you can see over here as per as probability 

density functions are concerned for higher magnitude this distance from source to site 

dominance. Whereas for moderate earthquake magnitude of about 5 to 6 this red color 

curve which is at a nearby location within say about 33 kilometer from source to site 

dominates. Like for a Jamnagar city we got a particular value of seismic hazard of 

course, from the design, but we should also know that it is valid for which range of 

magnitude and which range of magnitude is more influential and which distance of side 

to source is more influential so that you can take precautionary measures. 
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This is the sensitivity analysis among the various urban cities you can see Ahmedabad 

Amar, Varubhuj for a chosen value of return period of 2475 of PGA. So, these different 

histogram shows 4 seismicity models which we have used in our present study. 
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So, in summary what we can mention that the seismicity within the Gujarat is very 

complex and it migrates from region to region it is not a constant over the years. And 

seismic hazard assessment using a single seismicity parameter for entire Gujarat state, 

Gujarat state may not correctly represent the actual seismicity distribution, we have seen 



the reason. So, it is therefore, important to carry out the seismic hazard analysis for 

Gujarat region using the regional seismicity parameters which are consistent with the 

present state of seismicity in the Gujarat. So, it is observed that the prepared earthquake 

catalog for most of the events of the historic events they changes 1962 onwards that is 

seismicity rate has increased for Gujarat region beyond 1962 to till date. 
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Then we have seen among the 2 methods we have used for obtaining b value; one is least 

square feet and maximum likelihood method, least square feet is a more realistic value. 

And these are the various b values recommended by the 2 methods and for Kachchh 

region, the recurrence interval of earthquake magnitude of 6 is less than of 25 years and 

when it is more than 7.5 it approaches 120 and 150 years. 
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Whereas for earthquake magnitude M W greater than 5 in Gujarat region we mentioned 

and proved also that exponential model and Weibull model they are providing better 

results than other models. And we have carried out deterministic seismic hazard analysis 

as well as probabilistic seismic hazard analysis for deterministic hazard we have seen it 

is not necessary that only one fault will dominate, it depends on at which time period 

your doing the analysis. 
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And according to IS code we have seen it is in a close agreement as for as MCE 

concerned, but if you want to do for another return period of level we need to do a 

rigorous analysis for a particular location. 
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Now, some other researchers earlier also did several seismic hazard analysis for entire 

India for different cities of India various case studies are available in various sources in 

the literature studies are mainly carried out in India for Jabalpur city for Sikkim 

Himalaya for Delhi for Dehradun for Gowahati for Bangalore for Kolkata. There are 

many other regions for which even within these regions what I am going to say now 

other than those researchers also there are many researchers we have contributed a lot. 
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So, just a quick review that for Jabalpur city this is the reference; this is the final hazard 

map seismic hazard map proposed for the Jabalpur city. 
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For Sikkim Himalaya as given by Nath et all given by east Nath given by 2007, this is 

the seismic hazard map. 
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For Delhi city there are several researchers as mentioned over here Parvez et all at 2004, 

Iyengar Ghosh 2004, Rao and Neelima Satyam 2005, Mohanty et all 2006. 
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And so many other researchers they have given for Delhi region like Bansal and 

Vandana 2007, the seismic hazard map for Delhi city also in this fashion. 
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For Dehradun city Ranjan 2005 gave the spectral acceleration hazard map at 5 Hertz 

frequency in different bracketed zone of this seismic spectral acceleration values. 
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For Guwahati city also Nath in 2007, they sub divided entire Guwahati into 5 major 

zones characterized as greater than 0.5 within high as 0.4 to 0.5 these are the hazard 

index they have identified and sub divided the entire Guwahati region as per the seismic 

microzonation. 



(Refer Slide Time: 54:34) 

 

For Bangalore city also Sitharam in 2008 did the deterministic seismic hazard analysis 

based on bore hole data SPT data and MS, MASW data and the DSHA results have been 

mapped like this. 

(Refer Slide Time: 54:51) 

 

And PGA contours at the rock level with 10 percent probability of exceedance in 50 

years was proposed by Sitharam in 2008. 
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For Kolkata also it was proposed by Mohanty in 2008, this is the map for various ranges 

of PGA. We were the seismic zonation map of IS code Indian seismic code IS 1893 

shows that Kolkata lies in zone 3 and 4 boundary which suggest a PGA value of between 

0.2 to 0.25 g. Here it shows that it should be majorly in zone 4 which is above 0.25 g 

some of the portions you can see over here. So, these studies this case specific or region 

specific studies are very important when we are doing any important construction rather 

than using only the IS code recommendations. So, with this we can say that we have 

come to the end of our module 7 which is seismic hazard analysis and we will continue 

further in our next class with the next module. 

    

 


