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1.1 GENERAL 

"Necessity is the mother of invention", because necessity only can activate human 

brains. These mighty activated human brains are responsible for the emanation of 

latest Sciences and Technologies. Since there is a good lot of necessity to know 

about the unsolved conundrum of earthquakes, hence we come across so many latest 

developments in earthquake technology. Though earthquake predictions have not been 

made possible till now, yet a lot have been done ; to know the causes and after 

effects of earthquakes. 

Here, in this dissertation, we are going to deal with the latest advancements in the 

field of the study of local sites effects on the characteristics of strong ground 

motion (SGM). 

Earthquake resistant design by earthquake engineers is critically dependent upon 

the ground mmotions. Hence, there is a great need of help from seismologists to know 

the realistic ground responses that are sites specific. Since the sample seismic 

ground motions available from field recordings are still relatively small, hence 

the main difficulty lies due to unavailability of recorded data of earthquakes of 

different magnitudes. Indeed in no country have  substantial records been obtained 

in the near field of an earthquake of very strong ground motion, i.e., of magnitude 

greater than 8. 

Earthquake sources are also of various types and depths, and occur in various 

geological structures, so much interpolation and extrapolation between recorded 
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ground motion is needed which may be dangerous. For this reason, seismology has 

already assisted to compute ground responses for specified seismic source types and 

geological conditions. Very latest advancements are also taking place in the field 

of Seismology to find out ground responses for specific types of source with certain 

geological. conditions. Here, we have used very latest developments to get ground 

responses with specified source types and geological conditions. 

1.2 OUTLINE OF THE TI ESiS 

Though earthquakes of all magnitude ranges give valuable 'pieces of information and 

they add to the already existing; statistical data which in turn are useful for 

• earti quake 	predictions, 	for seismogram 	analysis 	and hence 	for 	latest 	scientific 

developments; 	yet earthquake ̀  engineers ̀  are concerned with only those earthquakes 

whose intensities are widely felt. 	Since strong ground motions (SGM) always cause 

vigorous 	shaking 	of earth's surface, 	hence 	it. is 	of great. concern for earthquake 

engineers. 	In 	this 	thesis, a 	thorough 	study 	; of SG M and 	changes '- in 	its 

characteristics from one location to another location has been made. 

With the many factors to influence the natural tectonic earthquakes, the single 

ultimate cause of all these earthquakes •is slip along the fault line. 	These slips 

may occur either along the already existing faults, which are known as shear 

dislocation sources; or they may occur along the newly generated faults, which are 

called crack generation sources. These two types of sources have been discussed 

ahead in this thesis. Sudden drop in stress causes slip on the fault surface and 

then the system attains dynamic state. This sudden drop in stress in known as 

dynamic stress drop. This has been discussed in later chapter. 
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and 

2 
• P  — — az ('zz)  + ax (o') (3.2), at 

Equations 	(3.1) 	and 	(3.2) 	are 	elasto-dynamic 	equations : for 	P-SV wave 	in 	a 

• homogeneous medium. 

Here, 

Normal stress in X-direction' xx 
• Crzz 	= 	Normal stress in 'Z-direction' 

•
Txz 	= 	Shear stress in X-Z plane 

• U 	= 	Particle displacement in X-direction 

• W 	= 	Particle displacement in Z-direction 

p 	= 	Density of the medium. 

The relations among the stresses, strains and Lame's parameters are as follows: 

= (A +2µ) U +A as 	• (3.3) • xx 

= (A + 2µ) a + x aX (3.4) 

(3.5) 

Here, 

A and a are Lame's parameters. 

3.2 METHODS FOR THE SOLUTION OF WAVE EQUATIONS 

There are two major approaches to solve wave equations. These are, 

(i) Analytical and 

(ii) Numerical 
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3.3.1 Analytical Methods 



are the propagating dislocation model of Haskell (1953) and the model of Brune 

(1970). The last one, although assuming an infinite rupture velocity, is 

rationalized in terms of the dynamic properties of " the source. Numerical source 

generation based on shear dislocation has been done by Vidale (1985 & 1987) and 

(`natant: (1QO51 
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assumed that the fault surface reflects elastic waves during rupture. 	The stress 

drop sends a pure shear stress wave propagating perpendicularly to the fault 

surface. Brune (1970) also developed a relation among seismic parameters as given 

below 

M 
(3.6) r 	 r 

Where, 

Au - = Dynamic stress drop or Effective stress (MPa) 

1v1 	Seismic moment (N.m) 

r 	= Radius of the circular fault (in) 

Other relation existing between the magnitude of earthquake and the seismic moment 

was developed by Wanks and kanainori (1979) as 

M = log Mo -6.0 	 (3.7) 

Where, 

M = Magnitude of the earthquake and 

Mo  = Seismic moment in N. in 

Construction of a dynamic model of faulting requires a description of the dynamic 

stress drop, the rupture velocity and the rupture complexity over the rupture 

region. Analytical solution of crack propagation for any given initial and boundary 

conditions is extremely difficult, and the existing solutions involve several 

simplifying assumptions. For this reason, only • a few simple geometric models have 

been solved analytically. But recently, Mikumo and Miyatake (1987) have generated 

shear crack sources using finite difference method. 	Practically all the other 

available solutions have been obtained with the use of numerical methods. 
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into account properly as discussed in the next chapter. 	While using finite. 

difference methods for numerical solution, generally standard staggered grid scheme 

is used. A separate discussion on parsimonious staggered grid scheme used in the 



IJn+ l + U11- I - 2U'1 	(cr. )n 	_ (a' )n , 	1,111 I,m = 	xx I -I -I,m 	xx I,m 
M 	 Ax 

n 	 n 

	

+ (Txz) l,m+1 - (Txz)1,m 	(3.9) 
Oz 

n+ l 	n-1 	n  

I

f  n 	 n 
w l , m + W l,m - 2W I,m = (°'xz) I+1,m - (°'xz) Im 

P1,m 
nt 	 ox 

n 	 n 
+ (°zz)1,m+1 - (Ozz) I,m 	(3.10) 

oz 

The stress at the time 'n' used in equations (3.9) and (3.10) are computed using 

differenced stress-strain equations given below: 

n 	 In 	n 	 n 	n 

('xx)I,m—(~I,m+2µ1,m) UI,m-UI-1,m + AI,m WI,m-wl,m-1 	(3.11) 

Ax  oz 

n _ Un Un 
(°zz)l,m—AI,m l,m- f-1,m + 

Ax 

n  n 
(AI,m+2µ1,m) W l ,m-W I ,m-1 

Az 

(3.12) 

n  n  n 

xz) l ,m—µ1,m U I ,m-U I ,m-1 
Az 

n  n 

+ W l,m-W l,m-1 
Ax 

(3.13) 
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Different types of earthquake sources 	(Strike-Slip, Dip-Slip and 45°- Dip-Slip) and 

explosive sources have been generated based on shear 	dislocation using dynamic 

stress drop in the form of Ricker wavelet instead of instantaneous stress drop 

(Brune, 1970). 	Shear dislocation criterion of source generation involves the 

consideration of dynamic stress drop. Dynamic stress drop is the difference between 

the original in-situ shear stress o,o and the dynamic frictional stress .d. Hence, 

dynamic stress drop do~f is given as, 

0. = O-0  = (r o °'d 

The Asperity Model and Shear Dislocation Source Generation 

The basic idea regarding this was suggested by Madariaga (1976), and by Rudnicki and 

Kanamori (1981). According to this model, an earthquake is caused by the failure of 

isolated, highly stressed regions of the fault; the rest of the fault having little 

or no resistance to slip (being partially broken and pre-slipped) and contribute 

little or no stress drop to the earthquake process. This results in a non-uniform 

stress drop over the fault. The spontaneous, dynamic fracturing of one or more such 

isolated asperities of general shape and size on a fault has not yet been studied. 

The simpler problem of radiation from the fracturing of a circular asperity at the 

centre of a circular fault was studied by Das and Kostrov (1986). 

The discussions on the generation of different types of sources are as follows: 

Strike-Slip Source : 

We have generated the strike-slip source using partial stress drop in the form of 

Ricker wavelet in the X-direction only. 	In this source generation, the model 
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WAVELET 
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Dip-Slip Source 
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been applied in the form of Ricker wavelet. In this source generation, the model 

parameters are A, p and density (p) with their respective values as 107N/m2, 107N/m2 

and 2.5 g/cc. Duration of the Ricker wavelet has been kept equal to 0.4625 second, 

and the stress drop has been applied at equal intervals of 0.0025 second, against 
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CHAPTER 4 	 SCALING RELATIONS 

4.1 GENERAL 
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indicates that Mo  (seismic moment) is proportional to the cube of source dimension 

(re. equation 3.6, of last chapter). 	A constant stress drop scaling relation has 

been confirmed by so many independent studies and has become an accepted model for 

large and moderate earthquakes. 	Recently, a constant stress drop pattern was 

reported for small volcanic events in Italy (De Natale et al., 1987). Same type of 

constant stress drop patterns were also reported for the after shocks with 

magnitude about 2 near the Norwegian coast (Chael and Kromer, 1988) and for micro 

earthquakes with magnitudes less than about 2 observed at Anza, California (Frankel 

and Wennerberg, 1989). 	The constant-stress-drop model implies a self-similar 

rupture process regardless of the scale of seismic events. 

But, some studies have showed the results 	in contrast to the above results. 	There 

are evidences of a breakdown in 	similarity 	between large and small earthquakes 

(Chouet et al., 	1978; 	Archuleta, 1986; 	Fletcher et al., 1986; 	Fletcher et al., 	1984; 

Archuleta, 1986; Fletcher 	et al., 	1986; 	Dysart 	et al. 	1988; 	Glassmoyer 	and 

Borcherdt, 1990). In 	general, a marked decrease in stress drop with decreasing 

seismic moment, for seismic moment below about 1013N.M (M <3), has been observed. 

Fletcher et al. (1986) have shown the seismic moment (1.0 N.M.) as a function of the 

source radius, bounded by the contours of constant stress drop (IMPa = 106bar), for 

Anza (California) earthquakes of smaller magnitudes. The source radii for these 

events are roughly constant over four orders of magnitude in seismic moment. This 

constancy of source radii concludes a strong dependence of stress drop on the 

seismic moment. One reason for this breakdown in similarity is the divergence of 

the scaling of the peak acceleration and ground velocity from theoretical 

considerations following the similar relation (McGarr, 1986). 	Stress drop 

decreasing with decreasing seismic moment has been observed for small mine tremors 

all over the world (Gibowicz, 1985; Bicknell and McGarr, 1990). Similarly, the 

W 
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V  max .®t 	l  
oX 	- 2V2  

Equation (4.1) 	needs assurance that the distance travelled by 	the wave 	in time .Lt 
with velocity V1pax must not exceed 0.35 times the grid size ox. 	Since here we have 
considered only homogeneous models, hence Vmax is sane at each grid point in the 
model. 	Again, 	to ensure full absorption of wave reaching the boundaries of the 
model, an absorbing boundary at 35 grid point has been implemented. 	--Iaving ensured 
that above requirements are satisfied, 	the models were run with the specifications 
given for the different cases. 

4.2.1 EFFECT OF FREQUENCY 

Specifications: 

Model Parameters: 

Type 	 : Homogeneous 

Horizontal Extent 3000 n 

Vertical Extent 4000 'rn 

Receiver 	 : At Epicentre 

• Density (p) 	: • 2.5 g/cc 

Lame's Parameters : A = u = 107  N/m2  

Shear Wave Velocity 	: Vs = 2000 m/s 

P-Wave Velocity 	: Vp = 3464 m/s 
Source 

Type Dip-Shp 

Focal Depth 3500 in at the Centre of Model. 

Maximum Stress Drop: 10 	N/m2  
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iv) 	The higher the frequency content, the greater is the chance of 
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4.2.2 	Effect of Stress Drop (flu) 

Specifications 

i) Model: 

Type 	 : Homogeneous 

Horizontal Extent 	: 3000 m 

Vertical Extent 	: 4000 in 

Receiver At Epicentre 

Density (P) 	: 2.5 g/cc 

Lame's Parameters 	: X = µ = ` 107  N/in2  

Shear Wave Velocity 	: Vs — 2000 m/s 

P-Wave Velocity ̀  	: Vp = 3464 m/s 

ii) Source 

Type Dip-Slip 

Focal Depth 	: 3500 in at the Centre of Model. 

Frequency 5 Hz 

To provide stability and to avoid grid dispersion, square grids of size 10mx10m and 

time-step (at) equal to 0.0015 second were selected. The partial stress drop in the 

from of Ricker wavelet was implemented in the model. The response has been computed' 

fora maximum time of 30 second. The responses have been computed for different 

values of maximum stress drop, such as 10,13,16,19,22 and 25 MPa.' 

The output of the computations are found as particle displacement (cm) amd stresses 

in two directions 	(normal stress 	in X-direction and shear stress in X-Z plane, 	in 

NI m2) 	The final results have been shown in Figs.4.4, 4.5, and '4.6 in graphical 

form. 
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Conclusions 

From Fig.4.4, showing the graph of displacement (cm) Vs. 	time (second), 

following facts can be interpreted: 

i)  The maximum amplitude of particle displacement increases with the 

increase in stress drop (c). 

ii)  The 	amplitude 	of 	particle 	displacement 	increases 	with 	increase 	in 

stress 	drop 	at 	all 	time 	steps 	in 	the 	range 	of 	visible 	particle 

displacement amplitude. 

iii)  The duration of particle displacement is independent of the magnitude 

of stress drop. 

From Fig.4.5, 	showing 	the 	graph 	of 	stress 	(N1112, 	normal' stress 	in 	X- 

direction) Vs. time (second), following conclusions can be drawn: 

) The maximum amplitude of stress increases with increasing stress drop. 

ii)  The 	total 	duration, of 	stress 	is 	independent 	of 	the 	magnitude 	of 

applied stress drop..  

iii)  In 	the 	visible 	range 	of 	stress,' 	increase ' in 	applied 	stress 	drop 

increases the value of stress at all time steps. 

From Fig.4.6, showing graph of stress (NI m2, , shear stress in X-Z plane) Vs. 

time (second), following points can be interpreted: 

The maximum amplitude of stress is found in case of maximum applied 

stress drop. 
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ii) 	The 	duration 	of the 	amplitude 	of 	stress 	is 	independent 	of the 

magnitude of applied stress drop. 

4.2.3 	Effect of Time-Step (At) 

Specifications 

i) Model: 

Type : Homogeneous 

Horizontal Extent : 3000 m 

Vertical Extent : 4000 m 

Lame's Parameters : A =107N/m2  = µ =1.2x 107N/m2  

Receiver : At Epicentre 

Density (p) : 3.0 g/cc 

Shear Wave Velocity : Vs = 2000 m/s 

P-Wave Velocity : Vp = 3366.5 rn/s 

ii) Source 

Type : Dip-Slip 

Focal Depth : 3500 m at the Centre of Model. 

Frequency : 5 Hz 

To ensure stability and to avoid grid-dispersion, square grids of size lOmxlOm and 

different values of time-step (at) were selected, such as 0.001, 0.0012, 0.0015 and 

0.0018 second. 	The partial stress drop was implemented in the form of a Ricker 

wavelet. 	The responses were computed for a maximum time of 3.0 second. 

The output of the computation are particle displacement (cm) and stresses 	in two 

directions (N/m2, . normal stress in X-direction and shear stress in X-Z plane). The 

final results have been shown in Figs.4.7,4.8, and 4.9 in graphical form. 
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relation: 

71 	 uµf 
®Q 	x'x1[2 x S  

®o' = Stress drop = 106  N/m2  

u = Slip (in) 

µ Lame's Parameter (N/m2) 

fs  = Dominant frequency of source _= 20 Hz 

130  = Shear wave velocity = 2000 m/s 

• The values of Lame's parameter (µ), material density (p) and corresponding slip (u) 

have been tabulated in Table 4.1. 

TABLE 4.1 

Values of Lame's Paramerer (µ), Material Density (p) 
and Corresponding Slip (u) 

SL. NO LAME'S PARAMETER MATERIAL DENSITY SLIP 
(N/rn2) p (g/cc) u (m) 

12x106  3.0 2.26 

2 11.6x106 • 2.9 • 2.34 

3 11.2x 106  ; 2.8...  
4 10.8x 106  • 2,7 • 2.51 
5 10.4x106  2.6 2.61 
6 10.o 106  2.5 • 2.71 

57 



w 
l  J 

a 
H 

H 

w 

r\i. 
o 

w H 

EH 

e 'A 

Cv w 

U 
m 

H 
W 

U) V 

E 

'aa 

L) 
cnO 
H(l)' 

a 
a 

Qu 
1 

Hi 

a o 

(WO) 	ueweoo I ds 	U 	e i °i ~ , ed • 

58 



E4 

0 

LU 
■ Q, 

N' W 

U 
H 

•_ 	

...IH: 

■̀ 0.i' 

LO-' 

~ V 

~ H a 

w w 
p~ H 

N Q 

° 

oa • zN 
r4 

LU 	@ 	LU 	(D 	LU LU 	 LU 

('/N) 	ssO 	lS 

59 



@ z e a. 

(v) 
w 
w 

• 

a

• 

IU H 

H 
@'' 

H 

0 111 
m 

• L 
~ ~ z 

U 

:mo o 

x• 

1 
~a a 

p 

a 
xa 
.,a 

LU @ l D. @ Li) @ k 	@ IP @ LU LU 
'0 LU tP t C') Cl C 	('1 

(W/N ) ssO'-IS 

60 



Here, again the partial stress drop was implemented in the form of Ricker wavelet. 
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CHAPTER 5 	 STRONG MOTIONS IN A BASIN ENVIRONMENT 

5.1 GENERAL 
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basin that focusses waves toward the basin centre. such "focussing effects" could 

be responsible for large amplification factors, 

Thus, these experiments showed that 2D effects such as basin edge effects and 

focussing effects greatly influence the site response. Strong variations were noted 
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for all the eight models, have been given in the Table 5.1. Altogether ten (10) 

receivers have been placed in each model at in equal interval of 400 in from the left 

most boundary of the model. Thus, Figs.5.1, 5.2, 5.3 and 5.4 and Table 5.1 

describe all the eight models in full sense, 

The four different geometries of basins have been describes as "Basinl Basin2, 

Basin3, Basin4" i3asinl has smaller areal extent and the maximum depth at centre is 

relatively less, hence ' it has been termed as, "narrow and shallow basin" 

Similarly, Basing has same areal extent but its maximum depth at centre is more 

than that of 'basin 1, hence it has been termed as, 11  narrow and deep basin". Basin3 

has relatively greater areal extent than basin  and basin2, and the maximum depth 

at the 'centre is equal to that of basin 1, hence it has been termed as, "wide and 

shallow basin". Considering the same reason as mentioned above, basin4 has been 

termed' as, "wide and deep basin". 

The computer program has been modified according to the basin geometries. The 

model parameters listed in Table 5.1 have been assigned to each grid point. Then 

dip-slip source, based on partial stress drop has been implemented into the 

computational grid. 	The computational parameters such " as, grid size, time-step, 

model site in terms of grid, total no, of time steps and dominant frequency are 

20x20 m square grid, 0.0015 second, 400(I-1)x450(V) grids, 7334 and 5Hz respectively. 

We get the particle displacement registered by the different receivers after 

running the computer program. The graphs of particle displacement (cm) Vs time 

(second), as recorded by different receivers, have been drawn. 

The keen study of these graphs and their mutual comparison establishes following 

facts; 



Fig. 5.1 MODEL GEOMETRY OF BASIN -1 
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Fig. 5.2 MODEL GEOMETRY OF BASIN 2 
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Fig. 5.3 MODEL GEOMETRY OF BASIN 3. 
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Fig. 5. 4 MODEL GEOMETRY OF BASIN 4 
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li) 	Though the distance of receiver No. I and receiver No. 10 is same from 











5.2.1.2 	Nature of Graphs for all the Four Basins when Source 

is at an Offset from the Centre of the Basins 

i)  The maximum of all 	the amplitudes 	recorded by any one of the 

.receivers, has been registered by the receiver No. 	10 which is nearest 

to the source. 

ii)  As we move from receiver No. 10 towards receiver No. 1, we observe 

that (a) the time required to attain maximum amplitude is increasing 

and (b) the magnitude of the maximum amplitude is decreasing due to 

usual divergence radiation pattern effects. 

iii)  All the ten receivers show some amplitude of particle displacements 

after 	the 	attainment 	of maximum 	amplitude, 	but 	we 	see 	that 	the 

amplitude of these later stage recordings is more dominant in case of 

receiver'' 	No. 10 and goes on decreasing as we move towards receiver 

No. 	1. 

iv)  Any two receivers which are at equal distance from the centre of the 

basin; 	have recorded different magnitudes 	of the amplitude ;(particle 

displacement), with higher amplitude shown by that receiver which is 

nearer to the source. 

v)  When 	the 	source 	is 	at 	an 	offset, 	P-phase 	is 	visible 	at 	all 	the 

receivers 	and 	its 	amplitude 	is 	increasing 	with 	offset 	in 	contrast 	to 

• the SV-phase due to the usual radiation pattern. 

vi)  The mode converted SV-wave from the first interface can be seen at all 

• the 	receivers just after 	the 	P-phase. 	Also due to the presence of 

basin, the mode converted SV-wave from the base of the basin can be 

• 79 







375' 

350 

325` 

300 

275 

250. 

225 

200 

175': 

 150' 
as 
v 125 -  

• a' 100- 

- 	- 
75 

-,--'.--- 	Th- 

50- 
--- 

 

25 

0 

.25 

• 3 	4 	'5 	6 	7 8 	9 	10 	71 

Time (Sec) 

Fig. 5.11 PARTICLE 	DISPLACEMENT AT DIFFERENT RECEIVERS 
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3. 	When source is at an :offset, the maximum amplitude is registered by 
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