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This investigation primarily deals with the 

effect of soil characteristics on the ground motion. 

A large number of earthquake accelerograms with varying. 

soil characteristics have been generated on digital 

computer and corresponding ground acceleration spectra 

were studied. 

A nonstationary process is used to simulate the 

bad rock acceleration. The bed rock acceleration is 

then filtered through the soil deposit to get the ground 

acceleration. The filter parameters depend upon the 

characteristics of the soil deposit. •Statistical 

characteristics of the ground acceleration have 'beon 

studied t ith respect to the base rock acceleration. 

It is observed that rate of zero crossings of 

the ground motion decreases as the period of the soil 

layer is increased. Predominant period also increases 

with the increase of period of soil deposit. The maxi-

mum ground acceleration varies with the fundamental 

period of the soil deposit. The maximum ground accele.-

ration shows a regular decrease, as the damping of the 

soil layer is increased. 
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H 	iiij.  
Recorded earthquake accelorograms are often 

used for designing important structures even though 

these might not have completely suitable properties 
at another site. For example, the 1l..00ntro, 1940, 

and Taft, 1962, accelerograms have boon used all 
over the world even though its special ch,racter is 
not really applicable everywhere. The statistical 
fluctuations in intensity, duration and frequency 
content in the past recorded strong motions need 
to define adequately. In absence of these informal• 
tions, it is difficult to estimate the ground motion 
and consequently the design of structures. In such 
cases it becomes necessary to use the probabilistic 

methods that provide the solution within some relia-
bility. Large number of recorded earthquakes on 

similar condition (i.e. opicoutr8i distance, soil 
condition, intensity Qtoo ) are needed for probabilistic 
design. Unfortunately the number of recorded strong. 
motion earthquakes are very few. In some seismic regions, 
not even a single record is available. This has motiva-
ted eimulOtions of ensemble of ground motion on the 
bass of available earthquake records. Similar process 
could be adjusted to reflect the local geology vhieh 
affects the ground motion. 



If detailed seismic history of the region is 

available, it is possible to predict for a given location, 
the number and size of earthquakes expected in future 

during the service life of the stricture. If the location 
of the active ,fault relative to the site is known, magnitude 
information can be related to other ground parameters such 
as duration, peak acceleration etc. (67) These in turn 
could be incorporated in the simulation of ground aecele.. 
ration. 

To perform a probabilistic analysis of the 
behaviour of structures to withstand strong motion earth►- 
quake, different investigators have designed stochastic 

model to generate artificial ground acceleration similar 
to those of real earthquakes. The stochastic models of 

earthquakes could be classified in two main groups$ namely, 
pnd 

eta tioflary model s~, nonstat .onary models. 

The models are constructed by incorporating tho 
statistical prop rties of recorded ground motion, the most 
significant of which are the duration,$ intensity, peak 

acceleration, envelope function and the frequency content. 

The stationary models could be represented by the 
white noise. This model was proposed by 1iousner (33) and 
have. been used by several other investigators (14, 369 54). 
White noise may be taken as a reasonable representation of 
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ground acceleration at the bed rock (35). The effect 

of the soil, deposit may then be incorporated by filter-

ing the bed 'rook acceleration. 

Stationary models are not adequate for modell- 

ing the tail of the large earthquakes (1 9  43). Ron. 

stationarity in earthquakes enters primarily through 

the envelope function. Records of different earthquakes 

are all different in detail but have the features in 

common i.e., the motion is highly oscillatory about zero 

central line and non periodic. At the start of the 

accelerogram, the amplitude builds up rapidly to its 

ma mom, then remains almost constant over a certain 

period, this is followed by gradually decaying tail 

upto the end of the record. Nonstationary models could 

be constructed by using envelope function. 

Ingineors have not yet been able to agree on a 

war of incorporating site effects in design. The 

various effects of the site conditions, should be rep. 

resented in the records. In recent years$  procedures 

have been developed for analysing and predicting the 

ground motion caused by an earthquake at different sites,. 

taking into account the characteristics of the soil 

deposit underlying the site, magnitude and epicentral 

distance (31, 6?, 68, 74, 75) . The method involves in 
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assessing the base rock motion at the site duo to an 

earthquake establishing the properties of the overlying 

soil layors and comp .ting the rooponse at the ground 

surface, using a lumped mass analysis. 

Chapter II briefly reviews previous work in 

simulation of earthquake records. Chapter III deal 

ciith the generation process of artificial grosnd 

acceleration. In this dissertation, normally die. 

tributed random numbers with mean zero and Variana-

unity have been generated by a method suggested by 

J. N. Pranklin of the California Institute of T'ech-

nnology (23). A computer programme has been made to 

generate random numbers on a digital computer IBM 1620 

as given in Appendix 'C'. White noise is obtained by 

spacing these numberr at uniform interval and joining 

them by straight iin;s. The accaracy of white noise 

depends upon the spacing of the random numbers. Five 

different bed rook acceleration have boon obtained by 

multiplying the white noise with the envelope function.. 

This envelope function$  describes the manner in which 

the intensity of the desired nonstationary process 

varies with time. By filtering the bed rook aceele-

ration through the soil deposits having different 

soil characteristics, ground accelerations have been 

generated on a digital computer IBM 7044. 
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It is assumed that the soil deposit acts as a 

single degree of freedom system. The frequency and 

damping of soil deposit changes from site to site 

and both of these are assumed to vary over a wide 

range. Finally the effect of soil characteristics 

on the ground motion have been discussed. Chapter 

IV discusses the effect of change in period and damp. 

ing of soil layer on the ground motion spectra. Ave.. 

rage acceleration spectras have been drawn for 5 per 

cent damping and from these conclusions are made 

thereafter. Finally, the conclusions obtained from 

this investigation are summarised. in Chapter V. 



,rt 

G I _P_ T. E it 	11 

Simulation of earthquake motions is done mostly 

by digital computer. All these methods have a common 

trend, to match the average pseudo velocity spectra of 

the generated process to that of rcal earthquake. 

Housner (33) used- random pulses of the same 

magnitude and later sinusoidala, arriving randomly in 

time. Stochastic characteristic of the process Is 

estimated by matching the expected spectrum to that 

of real earthquake. 

Thomson (72) formed a ground acceleration 

process as a series of random velocity pulses and 

showed that this process is almost r hito noise when 

the duration of pulse is short as compared to the 

natural period of typical ztructures. 

Bogdanoft and Goldberg (2?,, 28) represented 

earthquake type motion by superimposition of waves 

with nonstattonary amplitudes. 

Byoroft (13) used an analog simulation of 

white wise to represent ground acceleration during 

an earthquake# Power spectral density has been esti-
mated by matching the spectral response at a single 

degree of freedom system to Ilousner's average 
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spectra (33). 

The next refinement to the use of white noise 

is tho use of a filtered white noise, or a stationary 

process with a prescribed power spectral density fungi. 

tion. T;tis kind of power spectral density function is 

strongly supported by the work of lanai and his asao• 

elates (46, 46) . How ground layer of different propor. 

ties affected incoming waves have been investigated and 

then arrived to an amplification factor as a function 

of the frequency content of the waves. 

Tajimi (71) suggests that for firm ground the 

damping and period could be taken equal to 0.6 and 0*4 

se.;ond respectively. These values change duo to 

local soil conditions. 

.1ousnor and Jennings (36) used a digital 

computer to generate a white noise process teat was 

later passed through a second order linear filter. It 
has been shown that the key central portion of the 

strong motion acceleration can be modelled by sections 

of stationary Ganssian proves..:, with power spectral deny. 
sity derived from average undamped velocity spectra. 

Arias and Petit Laurent (3) s ~udied the 
process generated at the ground surface by a train 

of shear waves passing through a soil. layer 
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which have boon produced by a White noise process at 

bed rock. It has been found that this ?recess could 

be simIlatod using a dashpot in series with a spring to 

represent the soil layer* 

Lin (52) showed that If a white noise is 

passed through a linear filter,, the output process 

shows a stationary trend, thus, implying that this 

simulation cannot be used to modol the decay obser-

ved towards the end of real earthquake records, It 

has been sag;estod that the filtered shot noise with 

a variance intensity function that has a similar 

Shape to that of the expected output process, could 

be used, 	 • 

Amin and Ara (1) using the above suggestion 

used filtered shot noise# Variance intensity funk

tion with an initial steep rise$  then a constant 

value during the strong part of the motion and finally 

exponential decay towards the and has been selected. 

The computed variance function of the filtered process 

resulted very similar to the selected variance shape., 

Shinozuka and Sato (69) formulated a general 

form to simulate a Ganesi.an nonstationary random 

process. It has been suggested that either a filter 

shot noise or a filtered white noise multiplied by 
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a deterministic shaping function after filtering could 

be :ised as nonstationary process. In both cases it has 

been tried to represent general earthquake characteris. 

tics with the nonstationary features. It has been 

showed that under certain. condition the simulated 

process is equivalent to a fiitoroi Poisson process 

thus providing a more physical interpretation to si-

mulation. 

Patrico Ruiz and Joseph Penzien (66) proposed 

a method of investigation using a nonstationary ran. 

dorn process obtained from. filtering a shot noise thr-

ough a second order linear filter. Both the filter 

and the shot noise are selected so that,$  on the ave 

rage, simul. tei accelerograms generated with this 

model will simulate the most relevant features of 

strong motion earthquakes recorded on firm soil at 

moderate epicentral distance. A Ganssian nonstati. 

unary shot noise has been used to represent the'acce-

leratian at bed rock during an earthquake. ibe soil 

above the bed rock is replaced by a dashpot and a 

spring of known value. 

.e filtering parameter and variance inten. 

sity function oZ the shot noise are estimated using 

the available earthquake records* Ground aecelera. 



tins of the overlying soil layer and computing the 

rosponse at the ground surface using a lumped mass 

analysis pro eduro, A method of analysis which in. 

corporates strain dependent soil characteristics o'b• 

tamed from the laboratory tests, appears to provide 

adequate moans for assessing the seismic response of 

soil deposit. Wiggins (74) made a study of over one 

hundred strong motion records in investigating the 

effect of soil conditions on the intensity of ground 

shaking. Strong motion instr^ament records at a 

number of locations developed at different sites in 

the same general area but underlain by different 

site conditions* 

Dube and Associates ( ) - Dynamic model of 

sub-surface conditionss has been developed and Fourier 

spectra method has been used for isolating the effect 

of site conditions. A modification of earthquake 

motion at the base of structure due to soil structure 

interaction is also given. 
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tion has been generated by filtering the bad roes acce-

leration through the second order linear filter. 

1yengar and lya ar (40) The ground accelora« 

tion is represented by ronstationary process. Fourier 

series Is used to represent stationary process and 

variance function is determined by past record earth" 

quakes. An expression Is also found out for variance 

function. The strength of oscillation or violence is 

exhibited by the number of zero crossings and extremes. 

Aousner, Jennings and Tsai (43) simulated 

various type of earthquakes with different character-

istics. 1 onstationary process has been obtained by 

multiplying a filtered white noise by a shaping func4 

ti.on. The shaping function has been selected depend-. 

ing upon duration and magnitude, according to the type 

of earthquake that is to be simulated. Finally, the 

process Is passed through a filter to determine the low 

frequency content of the process according to observed 

records. 

Seed and Idriss (67, 68) » Ground motion at 

several sites are evaluated using recently developed 

techniques which involve,  assessing the base rock motion 

at the site due to an earthquake establishing g the pro)er.. 
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tins of the overlying soil layer and computing the 

response at the ground surface using a lumped mass 

analysis pro^educe. A method of analysis which in.. 

corporates strain dependent soil characteristics cab. 

tamed from the laboratory tests, appears to provide 

adequate moans for assessing the seismic response of 

soil deposit. Wiggins (?4) made a study of over one 

hundred strong motion records in investigating the 

effect of soil conditions on the intensity of ground 

shaking. Strong motion instriment records at a 

number of locations developed at different sites in 

the same general area but undarla n by different  

site conditions. 

Duke and Associates (22) •. Dynamic model of 

sub-surface conditions has been developed and Fourier 

.spoctra method has been used for isolating the effect 

of site conditions. A modification of earthquake 

motion at the base of structure due to soil, structure 

interaction is also given. 



ito noise modified by nonstationary function 

in used for generation of pseudo accelorograms. 

.1 	Jp JQ1 .  

Several investigators (35, 42) have modelled 

earthquakes aecel erograrns by white noise* White noise 

is a mathematical idealization of a stationary random 

process in which all the frequencies contribute with 

equal intensity to the mean square value of the pro- 

cess, such a process is characterised by a constant 

frequency range. A white noise that has a flat poser 

spectral density over the range of frequencies of 

Interest is constructed as follows (23) 

A sequence of .dependent random numbers 

x10 X-21 x, •s irar*«...• 4th uniform distribution In 

the interval (0, 1) could be obtained by computing 

the fractional part from the expression 

= 	on 	Is 	f a 1, 29 3, # # ~ # # 

where 0 is some tranaendental number greater than 

unity i4e,. 0 > 1. The fract onal, p: rt of the abovo 
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expression is computed as accurately as possible. 

Fractional part means the part beyond the decimal. 

One of the value of 0 may be taken equal to it. Uni - 

formly distributed random numbers are calculated upto 

eight decimal places as accurately as possible. Whit, 

calculating these numbers corresponding to higher 

powers of 0, the term + 11  becomes very large and also 

further calculations become very comber some, so some 

siiplification is done which causes small error in 

calculating the fractional part due to the overflow 

of integer part. Thus fairly accurate random num. 

hers of uniform distribution could be calculated. 

Given the sequence x of independent samples 

from the uniformly distributed on 0 < x < 1, a new 

sequence of independent random numbers ern  with a 

Ganssian di s Crib t tion having zero mean and unit va. 

riance is obtained using the following transforma.  

Lion (23) 

ti2n-1 	(•2 log x.1)1/'2  Cos errx 	; n-1, 2, 39  .. (1) 

(-2 log x .1) '2  Sin 2ir X j n=l, 2$  3, . » (2) 

These random numbers h:vo been generated on digital 

computer and anQ,listod in Appendix 'C', together with 
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which the intensity of desired earthquake type motion 

varies with -time. For selecting the envelope function 

it is necessary to determine the time history of 

motions in the rock like '_ase matrial. By studying 

the characteristics of the base rock motions, it is 

possible to develop a reasonable assessment of the 

time history of the motion by either generating a 

eyntt a ;ic earthquake motion i ith the desired charac. 

toriatio5 (1, 35, 42, 43, 4) or by modifying an 

earthquake record. 

The envelope function, 0V(t) , specify how 

the intensity of acceleration varies with time, from 

an initial bulU up of intent ity to the final decay 

to a negligible value. The envelope function, tUV(t) , 

is chosen for 20 seconds duration of the type shown 

in fig. I. 

where 

OA'  }NV(t) = t 2/1(. 

AB* 	a 1.0 

BC, 	= 	EXP(-O* 268(t•49 )) 

Consider a stationary random process W(t) which can be 

taken to be normally distributed with mean zero and 

variance unity. The nonstationary process is obtained 
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Wit(W.t,(t) 	•0* 	(4) 
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From the table it may be inferred that those 

bod rock accoL ration represent the si iach ractar.0 

istics. 

3.3  

Ground motion developed during an earthquake 

may be attributed due to upward propagation of shear 

bravos from the underlying rock formation. The dynamic 

characteristic of soil layer could be defined by 'a 

filter. The filter characteristics are defined by 

oq•.iivalent spring constant and equivalent damping 

constant as presented in Appendix °.'. Thorefore 

ground motion during an earthquake could be treated 

as tho response of the soil deposit equivalent to 

^Ingle Jere® of freedom system whose support is 

oxcitod by bedrock accol ,-ration,;  %(t). 

The ground acceleration ag(t) is obtained as 

the absolute acceleration of the L1ass, which could be 

obtained by the differential oquation. 

X + 2Qww 4 t ZZ - - ab(t) .*. 	... 	(5) 

whore Z is the relative displacement of bel rock and 
the ground surface. w and are the equivalent free 

qucncy and damping of soil deposit. The relative dis- 

placement is given by the ax ecsion 
t `•7f 

`b(z)e 	Sin wd(t..r)dr 	... (6) 
Z(t)  

Wd 
0 



~•E 21 1. 

tihore 

Two differentiation of equatiox (6) givos the absolute 

acceleration of the ground 

t 	.t,ç'(t .r) 
Z + a%(t) = V 	a(t)e 

	$in wd(t.t)dt 

0 
t 

+ l4 	ab(r)e'~t•z) Cos wd(t-r)dz ... (7) 

The artificial earthquake accek. ration could be calcu-
lated from the expression 

• a9(t) = • + ab(t) = w (2 tdr + wOZ) 

The initial condition of Zand Z are taken equal to zero. 
The solution of equation(6)could bo obtained by using 
ste) by step grccedurewith piece-wise linear, tatting 
the interval of 0.01 seco d. 

Ta jimi (71) has cugGos ted that damping factor, 
0.6 and period of the soil layer, T = 0.4 See,, based 

on past earthquake records for the firm soil strata. 
To study the effect of various type of soil conditions 
on the ground motion, the damping factor is as umcd to 

vary from 0.1 to 0.6 and the period of the soil deposit 
vary from 0.1 second to 0.6 second, to cover the wide 
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It ban goon oboos d that as the oriod of tho 

coil doaoti,t ins inerc: roQ tho Sato of Coro crooci 3a of 

OrtifIcial aco1ororc cues a dofinito doer c o, onco?t 
for 0#1 cocon porio''. uhcro it ohauo ih rate of zero 

croanin;n than the to of Poro crooinga of the wo k 

rook uceoloratton ras co4lt be nom In Talr.o 1 . 

,blo II • ?ably ohot,iac thu variation of n z n or 4' 
Coro a 	tntjc At ► ciiin t racl ,c r#v 

0.1 2 0*2 1 0.3 Q 0.4 1 0.6 S 0.6 

001 16.0 1..0 1160 12.6 12.1 13.1 
002 0.0 8.8 7.76 0.6 8.0 100.6 
0.3 6,03 0*76 6.20 0.0 6*0 7. 
004 4.2 6.76 4.76 4.76 6,0 6.0 
0.5 3.20 4.0 3.75 4.76 3.76 3.6 
000 Soo 2.78 3,25 4.76 3.76 3*76 
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From actual Girthquake record it could be seen 

that as the softness of soil increases the number of 

zero crossings reduce. Therefore it may be concluded 

that as the softness of soil. deposit increases, the 

period of the soil de?ocit goes on increasing as evi- 

dent from the tale above, 

Period of th a soil doposit less than 0+3 

second show very high rate of zero crossings and 

perio 3 greater than 0.4 second show slow rate of 
zero crossings. It may be recommended that periods 

greater thw 0.4 sec ~i nay be attributed to soft 

soil and period ?.ass th . n 0.3 second for hard soil 

strata or rock like material.. It can also be obser.. 

vod th t for the same period,, as the damping is 

1 nore; sed there is no i p rectaA~le change in the rate 

of zero cross1igs, or i other words damping has 

insignificant effect on the number of zero crossings. 



CHER »x_ 

Response s ►ectra has been used as a check for 
artificial accolerogra with the real earthquake records. 
Spectral response represents the response of single 

degree of fre odour syst oz s, having different periods 
and damping, to strong ground motion* The response 
may be evaluated either as the ma imua value of re- 
lative displacement or as maximum relative velocity 
or as maxims absolute acceleration of mass. The 
determination of spectral response involves an eva.. 
ivation of maximum value of an integral for a series 
of values of period and damping, The integral is 
given by equation (6) in Chapter III. Response s,ec- 
tra for all the five bed rock acceleration has boon 
calculated for 5 per cent damping and 20 different 
periods:. Then acceleration average spectra has been 
calculated as shoe n in figure 9. The time to the 
maximum acceleration occurs at Q.o5 second. 

The response spectra for gromd motion has 
been calculated for 20 different periods. These spec. 
tras have bon -,alculatod for throe different dampings, 
S.. e. 2, b, and 10 per cent of critical damping. 
A few spectrum is shot~n in figures 10•l4. These 



spectras are then normalised by making the area equal. 

under the curve for oily 6 per cent damping. Then 

average spectral have boon drawn and are shown in 

figures 15 through 17. To show the accuracy of ave. 

rage spectra, the normalised spectra of various earth.. 

giaaao are also drarn along iith the average spectra. 

It could be observed that the deviation is not very 

much significant. 

4.2 ?It  ' 
The variation of maximum acceleration deve. 

loped for different ,f' ndamental period of the soil 

layer for the Lame damping is shown in figure 18. It 

is apparent that the maximum acceleration induced 

variC i ;,iith the fundamental period of the soil dope-

sit. For the warm period of the soil deposit, the 

maximum accoleration shows a definite deoreasa, with 

the in-.roase c.t damping which is evident from tea; 

table Ili. £ho variation of maximum acceleration 

with damping is also shown in figure 19. 

(Contd.) 
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Table III - Table shows the variation of maxim= 
wt_th. Rint rind aerioc 

0.1 	0.1908 0,.1322 0.1063 0.0916 0.0610 0.0782 

0.2 0.22032 0.13529 0.101 0.0883 0.07948 0.07460 

0.3 0.15975 0.10206 0.07?? 0.06628 0.05951 0.05483 

0.4 ' 	0.1451 0.09223 0.0716 0.06070 0.05130 0.0439 

0.5 k' 0.1407 0.09678 0.0727 0.0632 0.0537 0.0472 

0.6 0.12417 0.05414 6.05327 0.05163 0.04494 0.03817 

The response spectra changes in reasonable 

consistent fashion de,)enaing u.,on t'-, a softness or 

hardness of the soil. For the soft deposit of soils, 

the peak ow :dinatc, of the a :cwi :ration response sp ;c-

tra tend to occur at a rather hilhor value of the fun- 

damental psriod. Theroto e, the structires of long 

period rosting on soft soil deposit rill be severely 

affected and those resting on hard soil strata will 

be less affected. 

As the period of the soil layer is increased, 

the time„to the maximum acceleration is also increased 

as could be seen in the figarc-s 10-14. This may be 

due to the fact that the frequency characteristics of 
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the ground notions and thus the form of the response 

spectra is profoundly influenced by the nature of the 

soil conditions underlying the site. 

Velocity and displacement response spectra 

for only one aceelerogram have been shown in figures 

13•.14, which look like actual earthquake spectras« 
pemiod 

It has been observed that time„to the maximum velo. 

city also increases as the period of the soil deposit 

increases. The. maximum velocity also changes as the 

periods of the soil layer change, 
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In the present analysis the effect at soil 

characteristics on the ground motion during an earth. 

quake and corresponding forms of response spectra 

have been studied. Soil characteristics of a deposit 

have great influence on the response spectra of the 

ground motion* This response spectra is used to 

determine seismic force on a structure, hence the 

design of a structure is very much affected by the 

type of soil deposit. Therefore in designing a struc-

ture aseismically the soil characteristic of the 

underlying soil should be taken into consideration. 

To study the effect of various type of soil 

conditions on the ground motion various combination 

of damping coefficient and period of the soil layer 

have been studied and following conclusions are made. 

Period of the soil layer is an important 

parameter#  as the period of the soil layer increases, 

there is a definite decrease in the frequency of the 

motion. 
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Soil layer period greater than 0.4 second 

show slog rate of zero crossings which may be attri- 

buted to soft soil and period less than 0.3 second 

show high rate of zero crossings. Hence, period less 

than 0.3 second could be recommended for hard soil 

strata, 

Damping has insignificant effect on the 

number of zero crossings or frequency of motion. 

The maximum acceleration induced varies with 

the Fundamental period of the soil deposit. 

The maximum acceleration decreases as the 

damping of the soil layer is increased, period of 

the soil deposit remaining the same. 

As the softness of soil deposit increases 

tho poriod of the soil layer is also increased. It 

may be inferred that long period structures resting on 

soft soil deposit would be affected most while on hard 

strata the long period otructuros mould be less 

affected. 
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Here, the basic concept that trill be useful for 

an understanding of the generation, of artificial earth-

quake are briefly summarised :- 

A function x(t) such that for each vale of 

t = ti  - behaves like a random variable Xl  = X(ti) , the 

ensemble of all possible form of x(t) is a member of 

the process. The existing records of actual earthquakes 

can be considered 'to be members of random process. 

Random process is described by its mean or statistical 

averages (expectation) and covariance functions. 

Slx(t,} t  denotes the expected mean value of 

x(t) and R(tl, t2) • E { x( t1) x(t&} denotes covarience 

function describes the interrelationship between x(t1) 

and x(t2) . If x( tl) and x(t2) are independent then 

R(tl, t2) V 0 

The stati,ra , characteristics of the random 

process x(t) are reflected in that$  the covarienco 

function is not a function of both time tl, and t2 but 

only of their difference 
= t2atl 

r 
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A.2 	itJ1pisft s 

Chita noise is a mathematical idealization of 

a stationary random process in which all the frequen. 

cies contribute with equal intensity to the mean square 

value of the process. Such a process is characterized 

by a constant power spectral density Sol  over the 

entire frequency range# 

A white noise process can also be interpreted 

as superposition of random pulses arriving randomly in 

time accor1ing to homogeneous poissons process. If 

,he time interval between pulses tends to zero, the 

white noise tends to Ganssian Process. 

The nonstationary counterpart of the white noise 

is called shot noise. The physical interpretation of 

the y;hot noise process is as a superposition of random 

pulses arriving randomly in time according to a non-

homogenoous poisson process. This characteristic allows 

the inclusion of an initial baiid up and a decay towards 

the and in the intensity of the arriving pulses. The 

shot noise process can be described mathematically as 

the product of a white noise and a deterministic func-

tion. of time. 
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A Ganssian nonstationary shot noise is used 

to represent the acceleration at bed rook during an 

earthquake. This . stochastic process is completely 

characterised by the yta mc,eintenict. 

A.5 	ON g_ Qp1R LZ 1 t )I T S 

The second order linear filter is used to 

represent a damped single .degree of freedom system 

formed by a mass supported on a spring and dashpot 

in parallel. The aceel rati©n at the bed rock is 

used as the acceleration of the sapport and the abso. 

lute acceleration of the mass simulates the aaeelera. 

tion of the ground surface, the behaviour of the 

mechanical model is comple to7.y defined by the para.. 

meters 4 and v. 

A.6 	 a 

It gives the distribution of the power of the 

signal or a noise with respect to frequency. It is 

represented by a eurve4 area under which gives the 

total power. 

If x(t) represents a complex wave form, Lot 

x(t) be represented by Fourier series 
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X( t) 	£. a~ e
3.fl1 ~ 	;v0= 

n= ,o 

where wo is frequency and n is a counter. T is the 

time pgrtod and 

x 
an .. , 	•x(t e " dt 

Parseval's theorem states that the average energy in 

the signal is equal to the sum of the average energies 
in each frequency component i.e. 

°0 an 	= ' 	T x5(t)dt 
n=.-.o 

0 

The time average of energy i.e. power is 
equal to a sum of terms, each term associated with 
one frequency in the Fourier series expansion. Each 

terms in fact, can be interpreted as the time average 

of the energy of one particular component frequency. 
Thus we define power spectral density 

00 

S(v) = £ 	,an ( 	i(w » wo) 
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8(w) consists of a series of impulses at the 

component frequencies of x(t) , each Impulse having a 

strength equal to the power in that component ire. 

quency, and clearly is a measure of the distribution 

of the power in x(t) . 



As such site parameters, intensity, opicentral 

distance, duration and magnitude are not easy to assess 

accurately for a locality. Even then a rough estimate 

could be made by the past history of that locality or 

by using emperical formulas based on past earthquake 

records. 

The maximum value of the ground acceleration 

will be used to define the intensity of the process. 

Faults are detected, by micro waves*  Nearest active 

fault will cause severe earthquake. Seismological and 

geological Investigation fix the fault which will cause 

earthquake in near future. From the past history of 

the region expected magnitude of earthquake could be 

estimated. Then the expected maximum acceleration as 

a fraction of gravity could be related to the magni-

tude, N, and the epicentral distance in miles$ D, of 

real earthquakes, using an emperical relation given 

by Rosenblueth 

y  = 0.8o 
0.8 14/D2 
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The duration of the ground acceleration 

process could be estimated from the empirical expre-

ssion 

8 0 6.48D+0.02e0.?4X 

chero 5 is the expected duration of the records in 

seconds. Having estimated the magnitude, duration 

and maximum accelerations  tho envelope function as 

given by Amin and ,ng (1) can be fixed. 

Small earthquake and miorotremors could be 

used for evaluating the site characteristics. Res» 

ponse of soil deposits to the base excitations is 

determined by the effective shear moduli and damp- 

ing characteristic of soil deposit. Stress strain 

behaviour , of soil is quite different for small and 

large earthquake motions. Hence, the shear moduli. 

and damping factor very much depend upon the ampli-

tude of induced strains. Therefore prediction of 

strong motion earthquake based on small earthquak© 

or microtremors will not be true representation. 

The nonlinear stress strain relationship is appro• 

ximated to equivalent bilinear stress-strain system 

as shorn s 
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Equivalent damping and equivalent shoar moduli are 

chosen to correspond to the average strain developed. 

Equivalent shear modulus, G, uo ld be determined by 

the slope of the line OA and equivalent damping fac.► 

tor by the expression (Jacobson 1930) 

Ares  ~YIYof h eresis lool111lII11Md AI 

4v x Area of (AB 

The equivalent stiffness of the soil layer is deter- 

mined by 

0 

where 	effective over burden pressure. From 

the known stiffness and mass, frequency, w, could be 

determined. Hysteritic stress-strain relationship 

for different strain amplitudes may be deters ined by 

means of cyclic simple shear test or cyclic triaxial 

compression tests, 



APPENDIX—C 

TABLE OF NORMALLY DISTRIBUTED RANDOM NUMBERS 

Cel, 	PROGRAMME—GENERATION OF WHITE NOISE 

C C 	RANDOM NUMBER GENERATION OF UNIT 'VARIANCE 

IC*** *****it•* t****tsar******s ee***************star************* * 

DESCRIPTION OF VARIOUS TERMS 
t 	 er 

C  IN PUT DATA 
C 	As 3 	F30,141592654 	C1. 	l O. a 
C 

C 	OUT PUT DATA 
C 	SB(I?*jNIFORMALLV DISTRIBUTED RANDOM NUMBER OF UNIT VARIANCE 
C 	W2!,W2N1'WHITE NUMBERS TO 6E GE ERATED 

*0810 
DIMENSION 5812) 
READW , I 
READ2O,A.B,C D  

10 F )RMAT( Ida) 
20 FORMAT (4F10 *.81 

PHaa3,14l 926 +4 

14 DO75,J=1:2 

NX1OX1. 
ANXl NXl*. 
xit~4~t2~►(X1i*ANXL:) 
DBtD+ANX2 
IDB*Da 
A I D84 I DO 
S8(J)etDB—AiDB) 

A( A* C+A14X +A IWb i )1 V I 
iSAeSA 

SAO(A.BiSA)*DIVI 
C* A 

75 DSO(J) 

2 2.*}PH*S6(2) 

W22Nw QRTF1Y ,9*SINF(Y2) 
PUNC 3O,l,w2f2#W2N,U53Lj).J=l,2) 

30 FQRMAT (15,4F15 jO ) 
I-mI+,6) 
G© TO 14 
END 
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C,2 	TABLE OF RANDOM NUMBERS 

-2,6791 1.7218-2.1504 1.7978-1,5374 -.3010 2,0694 .5948 1.9063 2«4908 

,1234•-1.9767 1,0478 .5082 '.8172 -.5659 1x0441-'1.5135-1.2984 •-.7710 

-.6242 -.3861 -.71222 .5603 .1409 1.4308 --.6054-1.4929, .1485-1.9169 

1.2777 o3351-2.3326 .1584 -99918 .4856 .592 -.6925-2,1976 ''*8512 

.5987-3.+0059 97946 .5092 -.3777 -.7117 .4585 -.2375 -.7220 1#9250 

1.06221 .5705 '.5089-190409•»1.0523 *3717 .8507-X2.1911 *8414-1.9041 

-.8224 -.5117.2,0819 .7972 1#8249 1.4877 -,,0233.1.4779 *0328 .4435 

.3869 -.3467-1.0572 -.7701 .7133 #4979 -.1577 -.7709 -.5805 .4259 

-190029 90278 -.7490-1.1273 -..5556 1#20223 *7467 .032,6-1.5689 .0868 

-1o0664-1.0698 1.8342 =.5650 .4589 .1077 -.3123 1.0911 -.8519 163185 

-.2537 .0046 *5237 -.4975 *4632 -.4696 1.41571 -,5013 2.6002 #0785 

-.6825 08315 #3059 -.6828 *2605 ,0442 956 4 •0322 .8254 .7416 

.4281 1.6962 -.3447 -«0727--1,9506-1.5415 -.362457 301784 1.2678. 

1*5840-103901 *15813 *.9744 1.3468 *22202 1.3392 *1449 20928 1.8656 

.3024 .7708 .0910 2.1124 2,1710 1.1407-2.049 ,1662 1.4919 68500 

.5475 .6505 -.1998 94654 21697 --.6966 -.8832-1.4559 -.3458 .9253 

.8359 .3031 .4327 .,0784 -42200 -.5904 1,3722-1.9206 2.306 146826 

2.0745-1,3850 1,1713 2.0764 -.0312.1.0089 .5706 1.2780.1.5279-2.0779 

1,0303 .1459 1.7599.1.2023 1.7273 2.0399 •9691 -.9569 .4059 160799 

.5150 -.9130 .2072 .0450 -.1400 1.4122 1.2992 .9354-1.626.1 .7969 

-.9314 1.2397 -.5552 .7440 .6863 .4927 1,2191 -.6135-1.0884 -x2498 

201075 *8459 1,5059 --.1413 x1775 1.9769-1.2700 -.3256.1,2069 -.8498 

195256 2,4745 1,5907 .7504 1.0104 7.0321 98245 .4583 -'.1795 60724 

103071 1¢0232.1,4315 -.5113 ,3113 .9988 102768 *7717 .6878 .1346 



.0858 *0630 2.8704 -o5099 -.6373 '.5603 1.1154-1.311.9.1.6571 95963 

.3162-2.1564-1.8187--1.6446 1.6462 ,.0667 2.0371 2-1.3435 .0019 *2087 
*5376 -.0253 --.1884 .4172 •-.3971--1.I539 .2483 'p.53861.4570 .0093 

-.5679 94456 -.9649-2.2882 --.1061 1.2642 •6824 1#17499 1.0165 *5109 
1*2705 •8514 -03921 -.0767 .2180 .0532 #4888 -.3115 .1929 -.2167 
2.2273 .1639 -.4744-2.0850 .0308-1.2613.1.7177 .4494 2.1610 1.6448 
.4870 1.5086 .4339 2.6339 .2314 •5612 -.0852 1,3023 -.02295 1.3967 

-.4832 -'.6164 .5955 .3373 -.4089 .1998 98247 -.9330 1.2233 ♦0531 
.7116-2.2557 -.2052 1.0351 *5509 •2138 •9963 .0:384 1.0542 -.2849 

1.2631 .4004--1.6993 *9036 •9464 .5146 .7506 -.6489 -.3667 .1424 
.3.906 .6355-1.5884 .5851 -.0770 .5158 .7463.146354 .5350 1.0187 

-.7794 .5781.1.8668.1..5050 a 2923 1,8407 ^-883 *0110 ».7710 1.2966 
.9774 -.9966 .4560 2.6979 -.84478 10760 01800 #1889 95824 92942 

-.2233-1.7511 -.7423 .6279 *7844 -.7499--2.4951 .0582 .6147 1.0635 
2.0396 -.1476 --.6897 --.55439 #4089 1,9945-1.7094 -.5169 1.3132 1,3158 
-.1953.2.1020 .2479 -.3438-1.3279-1.0075 .4797-1.55)65-2.8901 -.5859 
.2617 -.6637 -.3033 -.0290-1.1991 --.4862 *2567 -.4370 -.8807 -96836 

-.2877 .9420 --.5686 --.1431 -.4986 -.6252 1.1709 -.2;70 .1428.1.1906 
'108648 -.2823 -.321.0 -.4073--1.4650 .5670 •8301 -.3.j67 -.2857 -.2424 
.7460 .0335 .2482--1.0121 .9015 .9564 -.2905 .5626 -.5062 02793. 
.4056 -.8543 .8773 .5145 -.8800 -.7515 1# 3196 .4596 2.0616 •.4577 

-.4836 1.2123 1.1278 -.4704 .1995 -.8507 -.2968 -.31.23 -.5465.1.0255 
*7611 -.6772 1.2962 -.3557 *1683 	.2892- 1.5369-1.1521 -.0624 1.3425 

-.6202 -.4766 *0391 -.2190 .5337-1.4798 -.3051 	.6712 •7939 	.3554 
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.8387-1.0404 -.4805 •6346 -.6428 1.6750 .1508 -.8419 1.0193 1.2270 

.8332 .5124 .2991 .9872-1.6053 1.1717 .5780-2.8043 .2229 1.7505 

.6286 .9301 .6833 .3963...-.3261 -.0706»1.6612 .8482 .1452-1.1853 

1.1009 1.2526 -.9231-2.9216 -.2450-1,7793-1.7583 2.3416 .7681-1.0260 
-.0248 -.2822-1.0925 1.9197-1.5406-1.1528-1.0626 -.4438 1.1.609-1.0956 

-1.6128 -.4644 1.5689 1.1136 -.5618 -.8325 1.2629 .4730 -.2243 •9719 

1.0848 -•2315 .4885 1.6254 w*4521 #9978 .1186-1.0)54 •0070 -.0520 

1.0446 •5085 1.4274-1.6655-2.0503 .0348-2,8813-1.1197 .7589 .0666 

-.3404 1.7013 -.9429 -.0629 -.0840 #2216 .7891 .5087 -.9436 2+7947 

-1.5417 .6744 -.5205 -.9399 -.6990 -.5460-1*7120 -.7394 -.51.72-1.5334 

1.3410 -.1997 -.7800 -.6729-1.4717 •5761 -.8757 -.8.109 -.4014 .2298 

-.2293 .1760-1.5704-2.0310 1.9027-1.1821 .3597 .8)31 -.9197 •3917 
*0266 -.4029-1.4399 *5331 .9406 .5147 .8559 -.0-161 -.0718 .3363 

.1839 .6990 .7155 -.3824 -90456 1.3705-2,1324.1.4i68 -.3515-1.3908 

-.2514 .9780 .4316-1.4229 .3356 .0717 .5554 .0738 u.0405-1.6527 

-.0006 1.0675 -.4400 .3091 .7932 -.6077 .7698 2.5771 -.2904 06.16 

1.4238 1.3487 1.0653 -.7837-1.5769-1.6252 -.0100 -.3785 -.1.537 .3908 

.1995-1.0517-1.3020 .4767 .5593 .0734 .9271 .3456-2.3829 -.1232 

1.1320 .370.5 1.6727 1.1758 .0717-1.3265-1.8902 -.0440 -.3683 -.8315 

.3081 .8459 -.9641 .4510 1.4425 -.4092 -.5183 -.2094 -..8417 -.8728 

-.1641 -.6688 .9685 1.2103 .6705 1.0916 -.0413 1.5236 .2557 .8120 

-.2932 •5769 .7784 -.7297 ,0181-1.0360 1,6029 -.9479 .2859 -.5403 

.6438 1.1550 .4821 1.2182 -.3063 .7927 .0679 1,542.3 1.7497 -.9758 

-.7921 .7775 2.1037-1.1991 1.2107 -.4717 1.7265 .3315 -.7791 -.30.69 
-.6561 -.2614 «4296 .5830-1.0710 2.5634-1,1037 .4371 -.1554 1.9007 



.: 7 - 

-.13731 204122 ."®5373 -60755 -u1797 -.4870 .1870 -.1053 1.2200-1.8674 
-1,90993 *1647 *7265 *0396 -.9479 -.5738--2,0078 --.9721 .5402 •4502 

.0924 -.6884 1,0077 .0942-*1.4549 -.1693-1,0366-1.2325 •6892 -.51.67 
-.2332 .9375 -.2496 -.2441 *6446-1.1788 -.2566 ' .8042 ,6426-2.0135 
#9693 -.0091 .8488 .5134 *3642 .7004 .7592 .5378 1.3853 -.4622 

1,4690 1.3626*►1.3552--1.5676 ,0337 -.9962 -.5059 -.691 .4741 •0786 
.2135 -•.5619 -.2025 -.3667-1.3001 1*6795 *6006 »r.1 )71 .6175-1.8400 

1.546c .V460 ,2077 2.1249 -.2509 -.2744 .0959 .2111 .5737 -.0360 
.556. *9605 -.2541 -.4783 -.2716 -,8084-1,2453--10295458 1.0849 .5041 

-.9650 2.8843 *8639 .5147 i.35741.1229 -.7468 *6527 ',2809 -.1425 
*7012 -90413 -.8266-1.5305 -.8981 -.5149 .7673 -.4.5523 -.851.0 1.2479 
.6372-1,7109 -.8424 2,0036 *0285 •3043 -.72271 .5921 -.3574 .1654 
.7290 1.84011 -.8498 *.0071 -.2037 1*0395 -,7326-1.8436 *1654 *6706 

	

1*3697 1e' 	 E2942 -,3535 -.4587 -.6343-1.0496 -.0753 

	

„3007 -a 	 0423 ,08T .1054 .6598--1.4754*►1.7789 
1.2251 .a > 8Z19 1.1572 	.3264 1.0935-1.1145 1.3065 
-.7400 -.) 10546 1*8062 	,0883 ,2.. 44  1# 0926 *1199 

03702 a; ,94537 .9616 	.4196-1,0166  .1016 -.6315 
-2,9829  -. p 2 5 42 .3547  1* 20 0 4 2.1050 -.2366 -. 7 68  6 

*1278 "'.9203 	*6933 -.9110 .2629 •»13738 1,2905 -.4666 .6524 *4450 
197231 .3327.1.0673 3,0550 .7728- 1,1267-1,3716 .7.169 -.7700 -.7293 

-1,22266 -.6242 -,8909 -.8175 *1281 -.0933 -.9817 .5951 01551 1.6615 
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