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Earthquakes, unlike other natural hazards are unpredictable in regards to   origin in terms of time and 
space and cause devastations within short period. The studies on this subject however, has revealed 
that damage pattern due to earthquake event varies  in different types of founding medium. In other 
words the effects of the waves generated by any seismic event behave differently as per the dynamic 
characteristics of the founding medium or the geological units present in the area.. If the ground 
dynamic characteristics of the founding medium are determined and the structures are designed 
accordingly the damages of seismic events could be minimized. Seismic microzonation is one of such 
step in the hazard assessment wherein micro zones are demarcated in any area based on the dynamic 
characteristics such as shear wave velocity, predominant frequency, site amplification factor of the 
founding medium and the liquefaction potential of the substrata.. 
Seismic Microzonation studies of the city falling in Zone IV of the Seismic Zoning Map of India were 
undertaken by the Geological Survey of India to classify the urban agglomeration into zones of 
different seismic hazard levels in relative terms. It was an integrated effort where inputs from 
geological, geotechnical and geophysical surveys were converged to generate data products that 
distinguished the dynamic characteristics of the founding media. In this study  both geotechnical and 
geophysical approaches were used to classify the area into microzones based on site response analysis.  

Site Response Estimation by Geotechnical Method 
Subsurface explorlations were conducted in the area in order to determine the geotechnical properties 
of strata and  to find out the site response characteristics of the ground with respect to the expected 
ground motions due to any earthquake event. Twenty six boreholes, 23 up to 30-31 m depth and 3 up 
to 45-50 m depth were drilled.. The logging of borehole cores revealed that the substrata comprised 
layers of pebble/gravel, pebbly sand, sand, gritty sand, clay, silty clay and pebbly clay down to 30 –50 
m depths.  
Standard Penetration Test (SPT) was conducted in the boreholes at 1.5 to 3.0 m interval. The N values 
determined by SPT were then converted into shear wave velocity by using the following emperical 
relationships  between N value and shearwave velocity of Fumal & Tinsley (1985), for three textural 
groups of sediments, viz. clay and silty clay, silt loam and sandy clay, and sand and gravelly sand 

Vs = 5.3 N+134 for clay and silty clay                      --------(1) 
Vs = 4.3 N + 218 for silt loam and sandy clay           --------(2) 
Vs = 5.1 N + 152 for sand and gravelly sand             --------(3)   

 For gravel and  boulder horizons the value of shear wave velocity was borrowed from similar studies 
carried out in late Quaternary sedimantary deposits of Los Angeles region. Average shear wave 
velocity of the 30 m column (Vs30) at each drill hole site was calculated. Vs30 contour map was 
prepared by contouring the values determined at each bore hole site with the help of surfer software. 
The map shows that Vs30 values around Dehradun area vary from less than 212 m/s to more than 425 
m/s and therefore lie within C and  D site classes of National Earthquake Hazard Reduction 
Programme (NEHRP) code provisions (1997). 
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Predominant Frequency Map for Dehradun area for 30 m soil column was using the simple 
relationship between the shear wave velocity (β) of the sediment of column 30 m, viz. f = β/4H, were 
used. For each borehole location predominant frequency was calculated and after contouring the 
values. The Predominant frequencies of the 30 m soil columns vary between 1.7 to 3.7 Hz. 

Site Response Estimation by Geophysical Method 
Microearthquake (MEQ)/ noise observations were made at 156 localities at station spacing of 0.5 to 
1.5 km interval employing Digital Seismographs (Altus, K-2, Kinematics Inc., USA) coupled to three 
short period seismometers (Ranger, SS-1, Kinematics Inc., USA).  The site response curves at each 
location were generated by analysis of noise/ micro- tremor  data using Nakamura’s method. 
Predominant frequency and maximum site amplification at each location were determined with the 
help of site response curves.  
The MEQ/ noise field data were processed/ analyzed  and site response curves of various locations of 
Dehradun Urban Complex were generated from a number of samples of noise using  NAKAM 
PROGRAM coupled to SEISAN PROGRAM.  
The predominant frequency of sites where amplification was maximum was computed from the 
response curves of sites. The predominant frequency contour map of Dehradun Urban Complex was 
then prepared, which showed emergence of the following two trends of high frequency closures. 

(1) Through Baniyawala, Shahpur, Tapkeshwar, Garhi Cantt., Ghattikhola, Malsi Deer Park and 
Kuthalgate (4.0 - 11.0 Hz)  

(2) Through Dhanaula, Bandawali and Tarla Asthal (7-11 Hz) 
The frequency closures at Mohkampur, Miyanwala, Nehru Gram and Magla Devi Inter College also 
represent shallow subsurface stiff and amplifying interface. The southern, south western (near 
Harbhajwal, Baronwala, Telpur) and western part (around Simith, Nagpur, Kolhupani, Nakatpur, 
Premnagar, Phutsaini) were represented by peak (predominant) frequencies of ≤ 1Hz and  therefore 
suggestive of presence of deep overburden in those places. 
Places with peak frequency of 5 Hz, in northeastern and  northern parts exhibited either shallow 
subsurface rocks or exposed rocks at places. The central part of Dehradun Urban Complex (around 
Sondhowali, Amwala, Rajendranagar, Vijaypark, Sunderwala, Laxman Road, etc.) was mostly 
represented by peak (predominant) frequency of 2-3 Hz and represented  an amplifying interface at 
medium depth. 
The peak amplification at 156 stations was determined from the site response curves.  The studies 
indicated that Dehradun was characterized by relative amplification in the range 1-6.5. The 
southwestern part of the area around Tuntawala, Pithuwala, Indiranagar, Majra and Turner Road 
where very soft/loose soil was present, exhibited maximum amplification of 2.5-5.5, therefore more 
hazardous from the seismicity point of view . The area around Rest Camp, EC Road, Laxman Road, 
Clock Tower, Dairy Farm (Dehradun Cantt.), Nayagaon indicated amplification of 2.5-3.5 and 
represented soft soil. However the higher amplifications at Chandmari Gaon, Shahashradhara, Kulhan, 
Kalagaon and Oli was due to steeper slopes of subsurface stiff material supporting thin soft soil cover. 
The amplification in the middle part of the area was between 2-3 and represented soft to stiff soil over 
amplifying interface. 
Ground Vulnerability Indices at various locations of Dehradun Urban Complex were also determined. 
The results showed that the southern part of Dehradun area around Pithuwala, Nayanagar, Tuntawala, 
Harbhajwala, etc. exhibited very high values of vulnerability index and hence fell in very high 
earthquake damageable zone. Most of the central part of Dehradun city showed low level of 
vulnerability whereas area around Oli to Gujarami exhibited medium level of vulnerable zones. 
Residual damage intensity map also indicated higher intensity increment in the southwestern part of 
the area.  
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Liquefaction Potential 
The liquefaction susceptibility, which may be understood as the propensity of a soil site to liquefy, 
depends upon the physical properties of the near surface materials and their saturation with ground 
water. In Dehradun area  the chances of liqefaction are quite remote because of the absence of typical 
liquefiable sand in near substrata. Although sand layers are present in the litho-columns they are either 
mixed with clay or with pebbles. The ground water table depth is more than 20 m except in the 
southern part where the substratum is dominated by clay units. 
The results of the above studies conducted around Dehradun Urban complex reveal that the city 
broadly can be divided into three zones with intermittent variation in the site characteristics in terms of 
frequency and site amplification. 
i) The southern and southwestern part having thick overburden (of Doon fan sediments) 

demarcated by thick top clay layer having low shear wave velocity and low frequency.  
ii) The northern and northeastern part where the bedrock crops out within the overburden. Both the 

geotechnical and geophysical; studies indicate higher shear wave velocity and predominant 
frequency of the cover sediments. The isolated high and lows of the frequency and amplification 
at short distance confirms the irregular subsurface topography in the area. 

iii) It has been found that an event of M ≥ 8 in the Himalaya originating at 90-100 km distance and 
depths of 12 - 15 km would induce intensity between IX and VIII on MSK scale around 
Dehradun area. Corresponding to the above Intensities the expected ground motion in terms of 
ground acceleration may vary between .2g and .3g. The comparison of the site classes delineated 
in major part of  Dehradun area by the present study (i.e. C and D site classes) with the 
corresponding spectra of Unified Building Code(UBC) indicate 3 to 4 times amplification of 
ground motions during higher intensities in Dehradun area 

iv) Chances of liqefaction are quite remote because of the absence of typical  liquefiable sand in near 
substrata and depth of ground water table below 20 m in the major part of the area. 

 
 
 


