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. as the manner i

rise to an increase in effective seismic mome.nt The basin s1m-ulatlon results

ABSTRACT

:iThe very purpose of tl‘llS drssertatlon is to . present the 1mplementatron~~of shear -
':rdxslocatton sources in 2D parsunomous staggered ﬁmte dlfference grtd for the' |

strong ground motlon (SGM) srmulatron and to study the local site. effects on lts

characterlsttcs The shear drslocatlon sources have been generated usmg partral

stress drop in the form of Rlcker wavelet to sun' e natural tectonic earthquakes

\eallstlcally Smce the conventlonal staggered, ;;gl‘ld method requires laregew :

computatlonal memory, hence parsimonious staggered grld method has been used here
with an added advantage of reduced requrrement of computatlonal trme and memory

The local site effects have been studied since ‘they play 1mportant rolesf. in thefi |

spatial varlatron of amplltude amplification, changes in srgnal duratron frequency

con-tent mode conversron “and finally the pattern of structural damages Study of :

Sauree scalmg results corroborates ‘with the relatlons developed m the past such

| ch varlatton m stress drop changes the seismic moment It has |

also been fou-n_d_

'that for a grven stress drop, change in time step would not glve -

depict' that for'-" thev' steeply incident waves, the |mpedance decreases resonance

effects assoc1ated wrth ‘deeper basin structures and mode conversron controls the

amplitude amphﬁcatron and increase in signal duration,  Futher, ‘the multiple -

_ reflections in the near surface unconsolidated sediments increases the signal

uratéibn,’ depending on the trapping capacity.
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CHAPTER 1 | ' INTRODUCTION

1.1 GENERAL

"Necessity is the mother of invention", because necessity only can activate human
brains. These mig_hty activated human brains are res-ponsible 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 .
(;i,evalopments in earthquake technology. Thoﬁugh eartﬁla;quakeprcg;lgnons have .not beeg_
made possible till now, yet a lot -havé _been do_ﬁe 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).

b ‘Earthquake reSIStant desngn by earthquake engmeers is critically dependent upon
the ground motions. Hence there is a great need of help from selsmologlsts to know
the realistic ground responses that are sites specific. Since the sam_p_l_q seismic
ground motions available from field recordings are still rélatively é-l_nall, hence
the main diffic‘u].t.'y lies due to unavailability of recorded data of eatihquakes of
different magnitudes. Indeed in no country havc' substantial records been obtained

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

_g;ea{tef than 8.

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

geological structures, so much interpolation and extrapolation between recorded



“ground motion is needéd which may be dangerous. For this reason, setsmology has

‘ already assisted to compute ground responses for spccmed seismic source types and

_geological condtt,lon-s.--”\’ery latest advancements are also takmg- place ,tn‘-tthe' field -

of Seismol;ogy 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 THESIS

::Th()u;g;h earthquakes of all magi_ni;tu:de:‘ ranges give valuahle "piecesv of information and
they add to. the already existing statlstlcal data which in turn are useful for

earthquake predlctlons, for seismogram analysns and hence for latest screntlftc

developments yet earthquake engineers are concerned with only those earthquakes

whose . mtensxttes are’ wxdely felt Since strong ground motions (SGM) always cause

| V1gorous shakmg of earth’s surface, hence it is -of great. concern for . ea‘r‘t‘hquake

engineers. In this thesis, a thorough study of SGM and changes its

characteristics from one lacation to another locatton has been made.

With the many factors to mﬂuence the natural tectonic earthquakes, the smgle
ultlmate cause of all these earthquakes is slip along the fault lme These slips
may occur etther along the already exustmg faults, which are known as shear
_‘rhsloca_hogn‘ sources; or they may oceur along the newly generated faults, which are
called crack _gener‘ation Hfsuurces. These two types of sources have been discussed
ahead in this thesis. S;ud:cle‘n 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 dlSc_ussed in later chapter,



:-;methods in :_1ts favour,

possible dlrectlons. - Whlle developlng the wave ;equatlons, theory;of,_elas;trcrty is
~adopted. The th'eory of elasticity is concerned with the__ strain ex_per;ijencedv?;by the

" deformable materials subjected to the application of a system of forces. The study

of wave propagatron and its ampllfrcatlon attenuation, dispersion etc. is possible

with the solution of wave equations.

. The. solu’uon of the wave equatnons is found erther usmg the analytlcal approach or

by usmg the numencal modellmg approach Smce numerlca] modellmg approach has

certain advantages over the analytical approach (as discussed later in this thesrs),f-‘ .

hence numerical modeling approach has been used her_e.' There are three drfferent

approaches of numerical modelling namely, finite difference method, finite e‘l‘ement‘"

method and, spe_ctr’él’ method.

Since the finite difference_--(FD)‘ method has certain 'plus points oiz,e'r eﬂrer two -

: thesrs Source-,---

scalrng‘?relatrons have been“used to show the effect of varratlon m~'

the slip along fault effects of source frequency and partial stress drop on the

characterrstrcs of the ground Iesponses..

Most of the c’ities are located on or near alluvial valleys. In past, many large =

cities have suffered g‘reat damages which were situated in basins. = Hence, the
effects of basin and its geometry on ground motion characteristics have been 'sgtudiéd '

- elaborately in this dissertation report.






CHAPTER 2 STRONG GROUND MOTION PARAMETERS

2.1 GENERAL

The ground motion which causes considerable damages to the people and ‘the.i‘r:

environment is termed as strong ground motion, The grouind» sccelaration' greater "thatnf;:; |
'0 05g is gcnerally used to classify strong motion recor‘ds Strong ground motion is
| ngnerally associated with earthquakes havmg magnitude - =5 Smce only strong ground:
iimottons cause damages to structures hence earthquake engmeers are primarily

concerned with strong ground motion (SGM). The characteristics of strong ground

motion are :

i) Amplitude
ii) Frequency content, and

iii) Duration and motion

The most common way of describing"‘a ground mot‘ion‘”is the ‘vari‘at;i?'on.'-o_f ,amplitude:”- |
j(accele_rat'ton,:"velocity' or .diSplacemeltt) with time. - On-ly. one'of‘ these quantrttes is.
measured  directly and the rest two .are cottiputed 'by “inte'grdtioﬁ: and/or
differentiatiou In Vgeneral acceleration is measured directly, whereas veloc1ty

and dnsplacement are obtamed by mtcgratron of acceleratlon record

H 221 - Peak Acceleration

The most commonly used measure of the amplitude of a bﬁar._t?i:cular ground motion is the

peak h.orizontal acceleration.  This has natural relationship with the »’ihertial p



Iess attentlon than horlzontal acc fratton in

acceleratlon durmg earthquakes Li;;'f_lh' engmeermg

grcund mot't‘ou. Pealg hpnzontal vclocny has gwcn accurate mdtcatlon of earthquakc

potential for ,da_ma:gesm and is als‘q trelated‘ to the earthquake- .:lll.utens.lty (e.g.,

.’;r:'rifu:tac__a@d Bran y -1-975;1.‘_l_(_ri;ni‘tzsky‘_‘_a;,lrd Cl_tan'g,:z 1987).

223 , Pealesplacement o

"Peak dlsplacement IS generally assocmted w1th the lower frequency contents of an

earthquake motton '

' {*_;tu,“ls very dlfflCUlt \\\\\ to measure the peakm d" "lacement.

: accurately That:_

velocnty is used

E%‘am@ llﬁcatlon of ground motlon at a snte

1) Dcpth of soil laycr ovcr bul roc

n) Vanauon of soxl type‘ :nd" “-operty with depth

m) Lateral 1rregular|ly and surface topography at the site.



2.3 FREQUENCY CONTENT

Buildings, bridges, slopes or soil deposits are very sensitive to the :”fréqueney at
which they are loaded. If the frequency of structure coinc;ides with the :'ffrfequency
of ground motion, resonance will occur which ultimately leads to failure vvof the
Eléstructure. The frequency contents of strong ground :motéion .are described by using: :
different types of spectra. Fourier spectra and ‘power spectra directly _illustrate e
the frequency contents of ground motion, Respon‘se '5pec»tra reflect mé influence of_‘

| the ground motron on structures of varymg natural penods A variety of s‘peetral“

parameters are avallable to descnbe the frequency contents of strong ground

motions.

- 2.4 DURATION

Duration of strong ground motion is the most important pararneter irfrﬂuencing‘

amphtude but long duratton can produce enough load reversals to cause substantlal

damage. The duration of strong ground motlon is relatedto\the time --requrred for '

the release of accumulated strain energy from the rupture along the fault If the
length or area of fault rupture mcreases the time requrred for them release of
strain energy increases and thus leadmg to the mcreased duratlon of strong motton_'
with increased earthquake magnitude. Hank and McGuu’e (1981) have provrded a
étheoretlcal relation showing that the duranon of an earthquake is proportional to '

the cube root of the seismic moment.



CHAPTER 3 | NUMERICAL SOLUTION OF WAVE EQUATIONS FOR

SHEAR DISLOCATION SOURCE GENERATION

3.1 WAVE EQUATIONS

deals wrth

) Wave equations are deduced using theory of elastrcny The theory of elastrcrtyi

the strain experlenced by deformable matertal subjected the

application of a system of forces.

i)
ii)

Wave equatrons have been developed on the followmg assumpttons

T he matter is continuous, i.e., the theory of continuum is valid, and

The elastic theory is considered ~within framework of continuum

a gtyen body in a rock, they would alter the_mechamcal_ pro_perttes of
the rock mass, but the body -'may still be c.onsideredt 'aé.-}-:.;contyi.nnum )
Expertence shows that the contmuum mechamcs even- when applled to
dtscontmuous materials, often provrded correct results, __and;v

mathemattcally much simpler than the theory of dtscontmua

Usmg force equlhbrtum concept at any point, and with . mathematical srmphftcattons

we get wave equatlons for P-SV wave as grven below:

e 3.1.1 P-SV Wave Equations :

P8V wave equations in terms of stresses and strain for 2D case are:

P |
o —J} o)t ) 3.1)



and’

_equations for P-SY wave in a
 Homogetieous medium.

o, = Normal stress in X-directi

e = Normal stress in Z- direc

oz = Shear stress in X- Z Plane fLy
= ._Partncle dlsplacemcnt in X- direction

u
w “;“"--:-‘--‘.:“‘Partlclc dlsplacement in Z-dlrecnon i

©
il

' “.‘D_e_nsuy. of the medium.
The relatiotiSi.a'rhéhg'”'thc stresses, strains and Lame's parameters are as follows:

a‘xx—(i\+2)——+h—-—— ‘‘‘‘

ZZ ax-

i gg+a_\y
xz ~ B la T B

¢ i (7\+2) Wigalo® Lot v e

Here,

Aand p ra-rejLa‘ﬁae’s parameters.

- 32 METHODS FOR THE S(_)LUTJON OF WA'VE:EQUA»'I‘;I»ON'.S_-_-_

M T here are two major approaches to solve wave equauons These are,

, (1) Analytical and

(i) Numerical



approach, hence-_,-numencal modellmg technique has been descr‘lb.ed‘ here--.ln de_ta;l. The
advantages of numerical modelling approach over the an_a_lytical' ‘approechi* are as

follow:

(1) Analytical solution for complex structure is not possible.
(i)  Numerical methods are compatible with the analyncal method 4

when fine grids are used in numerlcal method the results obtamed

from both the methods are atmost same

| E'(iii)»i Hrgh frequency modellmg can be done usmg numerlcal modellmg

techmque.
(iv)  Numerical method can be applied for wave propagation, even when
‘elastic parameters change comparable t'c.i _the-,:seism-ic w&veleng{th::\’_)vhich
is analytically not possible. o
v) Numerrcal methods account for all types of wave phenomena ina smgle‘
co-mputer run like ref_lect-ron, refractl_on, transmlssmn scattermg,

| ”dlspersron etc.

When slip occurs in the already exrstmg faults this phenomenon is knownvasv shear :_ L
dislocation sources; whereas when a new fault nself it generated to cause the.

slip, such sources are known as crack generation sources. Shear dlslocatlon and |
:crack source models are associated with these two ty'pes of sources respectwely
’fEBoth these models can be solved by usmg either analytlcal method or numerical

modellmg Both these methods have been drscussed ahead

10



3.3, 1 A:nalytica;['f M . | ods 3

dlspldy a radlauon patlern lmplymg that shearmg processes are at the roots of

thelr generauon Selsml'c radlallon is the mam sou_rce of mformanon on the

faultmg processes of earthquake phenomena lhe radrauon can be computed by a

’space-ume convolution of Slip- functron wrth a :Gr' "»n-fuinctl‘on:. The 'Sllp-functlon

E"escnbes the fault displacement durmg an earlhq as a functlon of time and -

posmon on the fault plane, whlle Greeh funcuon represcnls the Earth’s response to

the sllp The - Slip-function and Green-function, therefore' express quanutatwely

| the source and propagation elfects on selsmrc motion, Thus from selsmnc radlatlon‘-

together wnh ﬁeld observauons the rupture hlslory ol a specnflc event could be

Lomographlc study ol the fault. This task however is very difficult because of the
limited azimuthal coverage by ,s‘c.ls-mlc...S‘lau,o‘ns and htmleid“‘lrequeucy.};__b.a'ud_-.of the
available instrurr_leots.,—_As a result, highly idealised models of rupture with a highly

restricted number of source parameters are in general use.

Seismic radiation can be calculated using either dlslocétion or.a crack’ff A

‘dlslocatlon is consrdered to be a del"ect /inan ldeally elastrc or visco- elastlc

medium formed ‘by a cut along a given surface _an_d_- a finite relatlve dlsplacement of

the lwo faces of the cul which means that the dislocation is represented by a

dlscontmmty in the dlsplacement Dlslocatlons for which the relative dlsplacement

:xs of the rlgld body motion ls Ldl[L(l Volterm dxsloeauou Thus, in the dislocation

’_:approach the earthquake lS represented in terms _of the :Shp funcnon on, the fault

Eplane and its form is generally Echos. *'tuluvey wirthout ngorous analysns of

the tlme dependent stress actmg m the area Frequently used models of thls type

I



~are the propagating dislocation model of Haskell (1953) and the m'odel of Brune
(1970). The last one, -although - assuming  an infinite rupture velocnty, is
rationalized in terms of the dynamic properties of the source Numerrcal source '

generation based on shear dislocation has been done by thale (1985 & 1987) and
- Coutant (1995).

" In contrast to dislocation models in crack models an “explicit account of the
driving and resisting stresses in the source regton lS taken and the resulting S]lp‘
is denved by solvmg the equattons of motton Thus to descrlbe the fracture of an

'earthquake source as a crack rt IS necessary to know the lmttal dlstrtbutlon of e

fracture propagatron and interaction of the fault faces The drstrrbutron of the
dlspl_acement on the faults ‘becomes then one of_ the_ ‘unkn“owns. | When fracture t:s
"-‘descri'bed as- a dislocation the mode'l ?is‘ called kinematic,] and when it ‘t.s':},_}de_scribed =
Has a crack the model is called dynamlc Alth'ou—éh .dynarnic crackf mode'ling is
| physrcally more proper the kmematlc dlslocatlon models are much srmpler and

mvolve more eff1c1ent computatlon preservmg at the same tlme eneugh degree of E

- f?fgz'eedom to repre ent '-_some reahsttc models The various dlslecatton selutlons can

the charactertstlcs of earth structure (Uniform and layered models), _ the varlous
: _methods of solutlon and according to the range of consrdered rupture velocrtres

(sub-, trans-, -a,n.d--_-_--supevrf.qu-tlcal) and_ _. the type of Sllp_-_functl-ozn used.

Another popular dislocation source model is the model of Brune (1970). In this

model it is assumed that a ,ﬁta;ngential stress drop is apf)lied to the interior of :af:}:.
dis :ocat;ion surface -resulting in the fault blocks movement in the opposxte; i
directions.  For simplicity, the fault propagatron effects are neglected and the

stress drop is assumed to apply mstantan_e_ous_ly over the faulst surface. It is fal-so

12



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 amoyig seismic parameters as given
below

M o
7
be = 1¢ — 3.6)
r
0 .o
Where,
b =

Dynamic stress drop or Effective stress (MPa)

M 0= Seismic moment (N.m)

r, = Radius of the circular fault ()

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

was developed by Hanks and kanamori (1979) as

M = % log M_ - 6.0 3.7)

Where,

M

Il

Magnitude of the earthquake and

M 0= Seismic moment in N.m

!

Construction of a dynami¢c 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.

13




The next step in approximatiOn of realistic seismic sources is to assume that the

self-similar shear crack stops suddenly once a final radius r_ is reaehed,_-,"  The

solution of this problem was obtamed numerically by Madariaga (l976) Initially,

until the sudd_e_n drop of the rupture at the final radius, the Sltp-functtonf : -is a

| num_erical approximation.  the stopping of rupture generates very stro‘n‘g P, S, and
'Rayleigh waves that propagate inward from the ed'ge of the fault. After the ar_rtval
of a Raylelgh wave the shp velocrty is reduced to zero. Madarlaga (1976) called r‘
‘thts process "healing”. At that time it was assumed that functron is sufﬁcrently

hrgh to freeze the sltp at that pomt on the fault

. Around the edges of a crrcular crack there is a 1mxed mode of rupture wrth a

'vanable stress mtensrty As a consequence the apparent srmphcuy of the

solutions should dtsappear as soon as -a rupture crtterlon is mtroduced The crack'

___w1ll raptdly deform mto more or less elliptical shapes The only possrble way to

study spontaneous rupture in three dtmensrons is by numerlcal modellmg lt should

be noted, however there are consrderable dlfferenc“es between analytlcal and

3.3.2 Numerieal | Mféthod E

In- numerical modelmg three techniques are in general use. These are,
| 'i) Funte element method | |
if)  Finite dtfference method, and

iii)  Spectral method

he spectral method seems to be more accurate than the other two smce it does not

isuffer from dispersion, whtch is the case wrth the ftmte element and’ ﬁmte~u

difference methods. Though the accuracy of finite-element method is more than that

14




_-of the ﬂmte-dlfferm ce method yet the memory requnred and the tlme allocatlon in

Hcomputatlon IS mor

.::mg F.EM. For big systems, fmtteu-element metl

5 very complex procedure hence tt is not in frequent use. Flmte-dtfference method is

frequently used smc tl' |

" 'ofFEM

Let us consxder the Acoustic wave equation as'wtittgen;;helow; |

s aps V2

68

In this _equati,o’“n{ tlie,;”:term' lying to the _:left of the :e.qt:lality : sig-:n“,",.;;.;i.;.‘e.t,;,;.,;} :

known as Temporal Pa.rt whereas the term lymg to the term lymg to the nght of

'the equahty Slgn 1s known as "Spattal Part

Though o sdtt}é

Spatial part of 'the;ahoVe'eQUation 'eny' one of the 'ﬁhdve:*’three
methods can be.. used;'”'yet to solve the temporal pa.rt of the equatlon onlry '.'fmlte-'

: .dtfference method lS mvanably used

: “l-l_ere,‘gwe; hay‘e;u ( '_ﬁnite-differenc_e method to get the ‘Vsolut_ions_ o_f_ﬁb’

3.3.2.1 FxmteDiffelence Method :

»" elther homogeneous or heterogeneous Smce earth s' b dy lS a multt layered system

{5 o



into account properly as discussed in the next chapter. While trsing 'finite_

difference methods for numerical solutron generally standard staggered grtd scheme '

is used. A separate drscussron on parsrmomous staggered grtd scheme used ‘in the

simulation is given below:

;P;ar's:irnoniotls‘i;:Staggered Grid Scheme :

- thferencmg procedure of the elasto-dynamtc equattons for P SV wave can be

staggered grid method.

. follows : ,» o
B Parsnmomous staggered grid scheme is stable for latfge._;_'jran”e- of
Poisson':”s ratio i
i)

o :'the former has been used here  for the development of dlfferencmg procedure

et al., 1976)

developed by using either conventtona‘ taggered gnd method or parstmomous

s staggered grtd scheme ‘(Luo and_-_f"

. _§§Sv,_zvvfusterfffjl;990) has a number of plus pOl s over the conventlonal grrd scheme hence

Superiority of parsimonious staggered grid scheme over the other '_schemcs;,are as

i) Parsrmomous staggered grid scheme has lesser storage requtrement over

_the standard staggered grtd scheme (Vtrteux 1986) and the Lax‘ s

iv) "-The stablhty criteria for thrs scheme is the same as the usual.

schemesvs such as standard staggered grrd__s_cheme and Lax Wendro_ff -

scheme.

When the time and spatial dertvattves of elasto-dynamtc equatlons (3.1) and (3.2)

are replaced by the second order d:fferencmg operator, we get followmg equations ;

16



n+ 1 n-1 n
p Ul m ¥ U| m 2UI | = ((r'xx)l-l-l,m ) (cxx)l,m
I,m )
at Ax
n n
+ (°'xz)l,m+l ) (0xz)l,m (3.9)
’ Az :
n+1 n-1 n n
p Wl m+wlm'2wlm = (@ )l+1m (xz)l,m
I,m vl
at AX
n
+ (ozz)l,m+l @ )l m (3.10)
Az

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

differenced stress-strain equations given below:

n n n n
(d.xx)l m=(al m+2“l m) Ul’m-Ul'lsm + Al'm Wl m wl m-1 (3011)
' , ’ bx Az
n - n n Wn wn ,
@21,m=M,m UimYiim|+ A ¥ w7 1,m-1 (3.12)
AX Az
| U} Wy oWy 3.13
("xz)l,mzf‘[,m I,m ~l,m-1 + I,m " 1,m-1 L (3. )
Az AX
17




The use of the stresses derwatlves at time ‘n’ into the equatlons 3. 9) and (3 10)_

s the ~ main reason of the parsnnony m the parsnnomous staggered grtd scheme '3

'Here At is the t:mc step, and Ax and Az are the grid intervals, in the X- and Z—
directions resp.ecttvely. "y and.;'m' -are_the grid indices in the _X-ﬂgand Z-

'di-r'ecti_onS and-- "f-n’ is the time index. |
3.4 SOURCE GENERATION

| Havmg prepared models we need to generate source to lmplement it at the desrgned |
‘, co-ordmate of the model After settlng up the source at desrred point in grid, we‘:- |
;;calculate the response at the desrred locatlons In the numerlcal modellmg two” .
:types of sources have been used, namely, | |
i) Pomt/Expl.o_swe source, and

ii) Earthquake source

* Nuclear “'explos-lons dynamlte explosrons efc. are few examples of pomtlexploswe
sources, and the dtfferent types of earthquake sources are,

1) Stn_k_e—Slrp

i) Dip-Slip

Both the explosivev and earthquake sources :cang be g‘en'erated' 'usizng a
dlsturbance/stress drop m the form of Rlcker wavelet m some spec1f1ed manner The

governmg equatlon to generate a Ricker wavelet 1s

i
f(t) = C et0)

. ;;é&Where C = A constant whose value is fixed dependlng upon the required amplltude

't * is decay time, and « is a constant whlch controls the frequency of the source

Partial stress drop in the form of Ricker wavelet has been shown in Fig.3.1.

18



Different types of earthquake sources (Strike-Slip, Dip-Slip and 45°-Dip-Slip) and
explosive sources have been generated basqd 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 generatioﬁ involves the

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

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

dynamic stress drop bo is given as,
Ao‘f = cro- ad

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

19
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Fig. 3.1 PARTIAL STRESS DROP IN THE FORM OF RICKER
WAVELET
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:patte_rns in Z—d"

:parameters such as 2, p and density are taken as 107N/m , 10’7 N/m and 2.5 g/cct

ﬁrespec_ttvely. In this case, duration of the wavelet is 0. 4625 second and stress |

drop has been applred at equal m-tervals of 0.0025 second mstead:-of- mstantaneous

stress drop. (Brune 1970) to control the frequency content, mmatlon and stoppmg i

of the rupture '

The snapshot of the stress drop has been taken j'ust after the cOmplete;
implernentation of the wavelet Frg 3 2 deprcts the stress drop patterns in the X-

* direction. Most of the stress drop is “l’rom a rectangular region.  This. ftgure
) ;jpdep1cts that there are $o many aspertttes mstead of a smgle circular asperity - m
' .”cont:rast to :madartaga»-(l976). : The. rad:us; -of rupture :1:s equal tothe product- of

wavelet duration and P-wave velocity.

The rupture area rs found to be circular, although most ot the moment has been

released from a rectangular region. Sumlarly, the shape of apparent stress drop

distribution and rupture area in Z-drrectron and X-Z plane have been shown in

Fig.3.3 and Fr_g.3.-_4 respectively.

fv'von, it is clear that  stress drop is mamly ‘-from "a crrcular- |

. region. Here again 50 ‘many aspetities have been seen contradrctmg the smglefi

circular aspenty concept by Madarraga (1976)..  this case_ rupture ‘area is
circular, and at the same time most of the moment has. been released from' a circular
region only.' Srmrlarly, Fig.3.4, depicts the apparent stress drop dlstrlb,utlon and

rupture area in X-Z plane.  This ﬁgure shows that though most of moment is

released from a rectangular area, yet the rupture area 1s agam circular. So many'

“,;@aspennes are again observed in contrast to the Madanaga (1976) In all these -

product of wavelet duration and P-wave velocrty

21
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Eli)ip-S.l-ip Source :

We have generated dip-slip source using partial stress drop in the form of a Ricker
wavelet in the X-Z plane only. 1In this source generation' the model parameters such

as A, p and density (p) have been taken as 10 N/m2 107 N/m; and 2.5 glcc

o respectwely. Duration of the ricker wavelet is again 0.4625 second, and stress

| drop‘ has been applied at equal intervals of 0.0025 'second in contrast to the
| spontaneous stress drop (Brune 1970) The snapshot of :the stress drop has been
taken just after the complete 1mplementatlon of the thker wavelet. Figs.3. 5, 3.6,
.v and 3. 7 depict the stress drop patterns m the X- drrectlon Z— dlrectlon and X Z ‘
q.plane respecttvely. ;Flg.3.5,- showmg the stress dlstrrbutlon pattern in X-' -
“direction, confirms that: rupture area ts .Clrcular but ‘the area. releasmg the mornent

is rectangular. It has been found that the radlus of the circular rupture ‘area is

are seen in the rupture reglon contradlctmg the concept of single c1rcular asperlty

by Madariaga (1976).  Fig.3.6 depicts the stress distribution “patter:n-_»»:,m,,,_Z- :

direction. It shows that rupture area as well as'*'ntost of the' mmé* re

 region is crrcular '---’----A good number of aspermes are agam vrsrble here thus

~ contradicting the sil g]e circular asperity concept by Madartaga (1976) Flg3 7 |s
showing apparent stress  pattern and asperities in rupture area It shows fully

. -5c1rcular rupture though the moment re!easmg regton is shghtly ttlted rectangular

regton

45° - Dip-Slip Source :

Here ;45°-Dip-Slip~ source rﬁas: been:: generated' usr part al stress drop in bOth X- ,.:
and Z- directions. However the polartty of the _str “s drops applted in X- and. Z—

 directions  is oppostte- to each other. The stress drop m both the directions has

25
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' ~ been apphed m the form of Ricker wavelet In this source generation, the model

parameters- are- h n and density (p) wrth thelr respective values as 10 N/m2 l()7N/m2

and 2. 5 glee. Duratlon of the Ricker wavelet has been kept equal to () 4625 second o b

and the stress drop has been applted at equal intervals of 0.0025 second agamst.

““the Spontaneous stress drop used by Brune (1970) The snapshot of the stress drop

| '_ghas been taken soon after the complete tmplementatton of the wavelet Fxgs 3 8,

2‘53 .9, and 3 10 are showmg these ‘snapshots in X— drrectlon Z- direction and X Z
" plane respectrvely Fig.3.8 conﬁrms that the rupture area is circular, though the:?‘

reglon releasmg most of the moment 1s a rectangular one.. Many asperltles are

" f‘vrstble in the snapshot Flg 3.9 shows the stress pattern aspermes and moment |

realeasing region in Z- dlrectton It is clear here, that the rupture area is”“'
- circular, Most of the ‘moment has been released from a rectangutar» .reglon.
Fig.3.10 deplcts the stress. pattern and moment releasmg region in X—Z “plane In
.j"”fthls case both the rupture area and the moment releasmg region are. clrcular Most

of the moment is released from a cncular area, There are so many__ aspermes

v1srble in contrast to the single circular asperity by Madartaga (1976)

'3§5 COMPARATI' E ANALYSIS OF ANALYTICAL AND
NUMERICAL RATIDATION PATTERNS

The source can be generated and implemented usmg erther the analytlcal method or

'numerlcal method After 1mplementatlon of source and 1ts trlggerlng, dlfferent'

types of radtatlon patterns are found for drfferent types of sources

 The comparanve study of radlatron patterns for the earthquake sources usmg; .

liffe ,ntf. methods has been done Analytlcally,radlatlon patterns for dtfferent

| :ces were obtamed by coutant et. al (1995) ‘Thesefpattems have been shown in

Frg.3..11. Parsrmomous staggered grrd approxrmatlon of elasto dynamtc equation for
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P-SV waves has beén__dpne using the staggering technique of Luo and Scﬁ—uéter (1990)
- and an algorithm has been developed by Narayan (1998). Vidale (1995 & 1987)

developed radtanon patterns for dtfferent types of sources using numertcal method

but hlS method mvolves very mtncate mathematical calculatlons also ~ The

'radlatton patterns found by Vidale have been showh in an.3 12 The radlatlon o

_pattem obtamed usmg the recently developed numerlcal method by J P Narayan have

g Ebeen shown in ths 3. 13 and 3. 14 usmg the followmg »Eodel parameters
ngldtty, = 10 MPa = A
Densnty, P j—- 25 'g/fccg__‘:‘

1987) and Narayan (1998) Corroborate w1th the analyttcal and observed

' dlatlonj;r .
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CHAPTER 4 | * SCALING RELATIONS

41 GENERAL

: _Scaling relatlon describes the manner in which. characteri'stic’s 'of the grounid*rhoti('m
i changes wrth a change in earthquake source parameters namely, stress drop, rupture_"

area shp and shp-ortentatlon Most "Selsmtc SOurce theortes based on klnematrcf

-‘or quasr dynamic drslocatron models- predtct that the tar held dlsplacement spectrum:

L should remam constant at low frequencres and become 1nversely proportional to some L

pow_er of frequ.ency at ,hrgher frequencres (AK] 1967 Brune, 1970 Randall 1973'

-Madariaga, 1976). Thus t.hr.ee mdependent parameters Speley the far ﬁeld_

~ displacement spectrum the low-frequency level, the corner frequency defined as the'i

mtersectton of the lonl-and high- frequency asymptotes an-d the slope- .co-efftcrentif

controlling the rate of hlgh frequency decay of the spectrum It “has been found

that the far-field drsplacement spectrum 1s characterlzed by frequency-mvarlant |

=:amphtudes below :'.the corner frequency and decay of amphtudes at frequencres above

:: \\'\f\;fthe corner freq'_i nc __-fThe corner perlod the recrprocal of the corner frequency,

| proportlonal to the source duratlon and is related o the source dlmen'srons ;A_ i

smaller source - dlmensrons would gwe rlse o a shorter source duratlon a hlgher :

corner frequency and larger amplltudes above the corner frequency Thrs- rn__ turn__:i

r En,;gmcreas,e in stress ;drop._

studres of large earthquakes of the 'world | lt ha_: | ven founcl that stress drop 1s__j

| roughly, mdependent of the selsmrc moment . (Kanamon;and Anderson 1975). ‘Th;:rs
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indicates that M, (seismic moment) is proportional to the cube of source dimension

(ro. 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 ai., 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 moient below about lOl3N .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 theorctical
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
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'_ study made by Gibowicz et al (1990) has given evidence that for small Seismic:

11,412

events with the seismic moment 10" "-10

N.M, the stress drop is moment dependent.

* The non-similar behaviour of small earthquakes has been interpreted as a source

effect mvolvmg “either an upper limit to the radiated frequency, i.e., the

presence of a charactetlsttc fault length, or the dependence' of stress on the

'sim-tc moment. The change in spectra scalmg lS explamed by attenuation effects
. “o by any process that limits high frequencres whether 1t ts due to the source the[;

| propaganon path the local site, or the. recordtng mstrument Boore (1986) has‘:‘

i,:éz_,shown that a moment-mdependem fllter that attenuates h1gh frequenmes regardless

of its ongm produces marked changes in the scalmg expected from the usual_

:analysw of self-srmtlar models.

i 4 2 NUMERICAL SCALING STUDIES

In this chapter; it has been tried to obsetve the. effect of variatlon l”o’f} source

parameter on the change in the characteristics of strong ground motlon (SGM) at the

surface i.e., the purpose “of this computattonal work lS to vertfy,s

:The l'f"SPOHC"’f’~"> were found by successive tteratlon done by the computers It was

i n should be mmtmum G

the absorptton of the wave reachtng the im :del ges was ensured To ensure’ ji'f%

stable model and minimum grid dtsperston the values of grtd 31ze (Ax) and time stepi_

-(At) were selected such as to satisfy the followmg relattons
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zuot cxcu:d 0.35 umw the g,rld snze Ax Smce here we have

is same at each gnd pomt in the'

el ‘ nE wuh the specnﬁcatlons.;
gl en for %Itglgge;differenti cases. : o -

4.2.1 EFFECT OF FREQUENCY fod e

. Specifi cat:onS’ |

 Model Pacameters:

: EHomogeneous

5:3000 m
ﬁ 5409.0-";1-

: At:'Epicéntre :
2.5 g/‘cc‘r RE

Maxnnum Stress Drop 107




To ensure stability and to avoid _grid—dispersion, square grids of .sizeg 10m><10m an‘d‘r
time step (At) equal'_to- 0,:00 15 second were selected. The parti'al stress '_.drjc‘p'_i"n ‘lthe .
form of Ricker waueletwas implemented in the model. The response‘a_t -zth.e:fvepvi'centre
_: has been computed V,for a maximum time of 30 seccn.d_.. Program has been run for
| i rlifferent fre'quencies of Ricker wave'let such as 20,17,14,11, 8 and 5 Ha. Havl'ng run

the program with the input values as mentioned above we got output as partlcle -

d-lsplacement (cm) and Stresses (N/m2 in X- dlrectlon and X-Z plane) for dtfferent .

frequencnes The ﬁnal resu]ts have been shown in graplncal form in Figs 41 4 2

.;;wand 43

Conclusions

From Fig.4.1, showing the graph of particle displacement- (cm) \/'.s,.j::tim.efu__

~ (second), ‘v“ve-f.can”f’conclude the following facts :

i) The maximum amplitude of particle displacement increases with the
increase in frequency. Though this conclusio%n scemis' '*-Wron"gi while

v1ewmg the graph wrth the hlghest selectecl frequency equal to 20 Hz, b

lmplementatnon of wavelet at a faster pace But explanatlon of

it may be due to dlvergence effect or

of stress drop at a faster pace lt is found that only drsplacement 5

due to the shear component is mcreasmg W1th mcrease of frequency

42

i mcrease in amphtude w:th frequency Ene'ds detall analys1s However:,

be due to the 1mplementatlon i



iv)

i)

The higher the frequency content,

i :'Wlth the increase il

duration.

’EISomc Iugher amplltudes of stress ar

v,fvThe amplltude ofs.

of frequency

il):e; gr'eater is tl1ef:-:-:?(:ll_,i-'aiice of

'owmg the graph of stres‘; (N/m2 ~normal stress in X-

'.dlrectlon) Vs tlme (s::cdnd), fullowmg facts can be concluded

-

The ampluude ot' stress |s mcreasmg w1th frequency

E’E:.nphtudes of stress 1s

visible before .theumaxfrm; uch' earher ume-step It

- may be due to the compressional wave. |

The mammum amphtude of stress is observed at much earher t:me—step

with. mcreasmg frequency

- The amphtude of stress with higher frequency is seen higher at all

times.

With inc larger

' The’.- |-'1‘_121’X-iinuﬁ1n ;am?plitude of siress increases as the frequency increases.

' The duration of stress increases with increasing frequency.

| Cforc ‘the attainment of

3
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- 422 Effect of Stress Drop (4c)
? Spe(:ificgtiohé | 3
.i) Model:
| ‘.‘Typc o
Vertical Ext;ent
Receiver |
. Density._. (p) ‘
Lame’s Parameters
~ Shear Wave Veloci'iy
P—Wave Veloc1ty |
i) Sourcc
.
" Focal Depm

ngquncy

H H_qmogeneoué
: 3000 m:
: 4000 m
At Ep'icentrje__‘
: 25 g/cc o
:E>\ Fp= 107 N/m2 !
: Vs 2000 mis

— 3464 mls

: Dlp—Shp
: 3500 m at the Centre of Model
:5Hz | E

A7



Conclusmns

) The maximum amplitude of stress increases with increasi

i)

1) The maximum ampl

From F|g44'--'- showmg the . graph of dlsplacement (cm) Vs.

followmg fact can be nnerpreted

iy : T he maxlmum amplltude of partlcle dlsplacement mcreases with the

: mcrease in stress drop (Ao)

: 'vdlsplacement amplltUde |

iii)

_The duratxon of partlcle dlsplacement is mdependent of-*‘*the‘ magmtude

of stress drop

From F|g45 ':slaowi-n1g the gfaph- of stress. ('N/m?‘ normal stress in X-

| di'r_ection),f‘i,.‘i;f\_! s

me' (second) followmg conclusuons can be dra

i) 'I‘he '_é";t'éi'e'}'.-j':,vtdurati-dn “of stress s inde[_jendent of the magmtudc of

____In ”the” vmble range of stress, mcrease in apphed stress drop

1g 4 6 show'ng graph of stress (N/m2 Sil}earéésttess":"': -Z plane) Vs.

llme (second), followmg pem

case of maximum applied

. stress drop

mcrease in
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ii) The Edi_x__:'_rzation of the amplitude of stress is independent of the

magnifud‘e' of applied stress drop.

4.2.3 Effect of Time-Step (at)
Speciﬁc_g-t_i_:ons B
)  Model:
Type | -+ Homogeneous
‘Horizontal Extent : 3000 m
Vertical Extent  : 4000 m.
Lame’s Parameters C i =10"N/m? = H =vv1.2><1'07N/n'12
Receiver : At Epicentre
Density (p) : 3.0 glec
Shear Wave Velocity : Vs = 2000 m/s
P-Wave Velocity  : Vp = 3366.5 mls
i)  Source :.» | |
Type' : Dip-Slip
: 3500 m at the Centre of Model. -
:5 Hz - . |

“partial stress drop was implemented in the form of a Ricker

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

” Theoutput of the computation are particle displacement (cm) and stresses in two

déi\féc‘tibhs (N/m?, .normal stress in X-direction and shear stress in X-Z plane). The

ﬁnal érgsults have been shown in Figs.4.7,4.8, and 49 in g§raphical form.
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Stess (N/m

P — B oo 1
000  0.50 100 150 200 2.50 3.00

Time {Sec)
Fig. 4.8 NORMAL STRESS IN X DIRECTION AT THE EPICENTRE

DROP FOR DIP-SLIP SOURCE S JT,JW
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4.9 SHEAR STRESS IN X-7 PLANE AT THE EPICENTRE DUE

TO DIFFERENT TIME STEPS OF PARTIAL STRESS DROP
FOR DIP-SLIP SOURCE
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- Conclusions :

Followmg i terpretauons have been drawn trom these graphs "._ :

i)

i)

: the amplltude and durauon wof ‘s‘hear stress m X Z plane

]shghtly “higher amplltude of stress is seen w1th hlgher values of

) Model :

Vertlcal Extent

S Recelver

Lame s Parameters

o Shear Wave‘Velocny :

n) Sburee :
Type
Focal Depth

Frequency

:A tl"' lO7 N/m

: Dlp Sllp

i Hmno.genedus |
L4000m
: At Eplcentre . | o

2

= 2000 ::m/s _'

' 3500 m at the (‘entre of Model.
: 20 Hz
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. that gnd dxsp:

; relatxon

Ao‘ = Stress drOp-=

e = Slip (m)

p = Lame s Parameter (N/m )

i = Dommant frequency of source 2! Hz """ . i

2000 m/s

Values of Lame 5 Paramerer (W), _Matex ial Densnty (p)
: o and Correspondmg Shp (u)
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o Here, again the partial stress drop was implemented in the form of Ricker wavelet.

Responses were computed for a maximum time of 3-.0:Second.

i stresses (N/m2 “““

: each trme—ste-p These results have been shown in Flgs.4 104 11 and 4. 12 in

; ‘”graphrcal form. Seemg these graphs followrng pomts can be concluded

- Conclusions :

| i) Though the ‘graph

almost ml effect of fault' shp on. the partlcle dtsplacement yet th1s

graph does not seem conclusrve owmg- to lngh dlspersron seen »m- the

ii) S-i-m-ilf:ar-l’y, the graphs of stresses"(N/m , in two directio'ris)- "V»s” time
(second) show no effect of shp (u) on these stresses but we can not
be so sure about tlns conclusron because we could not avond grld

on‘ precrsely (Flgs 4.11 and 4. 12)

Hence, though we see no effect of variation of shp (u) on the partlcle dlsplacement' i

' and stresses

-dlspersron seen in t 1e,v,vgraph Thts drspersron could have been avmded had there .

been highly sophrstrcated computattonal facrhtres avarlable ----meg 'to the

,H,“‘computatlonal memory hmltatlon and rts speed dlstmct graphs wrthout drspersron“1,2,;‘_;‘;

Ecould not be found
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;’zf%effect of up going source energy incident on basms has been mvestlgated Many 5

' CHAPTER 5

- ::surface (Lui :felmberger

5.1 GENERALWHV

In thls chapter, we -~ shall dlscuss appllcatrons of numerrcal modellmg in study ofg

 the charactertsttcs ot' the strong- motrons produced- from earthquakes Here the'

| large cmes are located on or near alluvlal valleys | The curvature of a basm in

waves to propagate :through the alluvtum as 'surface waves (Vrdale and e

: fHelmberger 1988) These waves can produce stronger shakmg and longer duratloné_

l935) The latter portron of these

. generally depleted in low frequency Thus 1t can be concluded that there are

| propagatlonal wave gurdes that preferentlally prolong hlgh frequency----motrons Thls o

E;the strong rmgmg nature assocrated wrth the P- waves Also the htgher frequency

. content of the P -waves relatrve to: the S- waves lS qurte a arent whlch is a pr0perty‘ f

ofé many basins. Though the difference in frequ :
'n‘bt easily explamed yet it -may be that tlus“dif

source histories for P- and S- waves (Hanks and Mchre 1981)
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t;“ce is caused by dlfferent f;



| proﬁles across.:l

. Umon.

:Km are_a of the.

~ was selected.

'whlch hes on sedunems on the basm ln ‘case of site srtuated at the" edgc of the

}:\Lbasm both lD and 2D reSponses for sne were plotted for two mcrdence angles. For

sing SBSR (Sednnent-to~Bedrock
: f{:aSpectral Ratlo) method was shghtly hxg”"‘” ‘55‘the valiies found using 1D

'v_response but larger drfferences were encountered or hlgher harmomcs - These
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layers where complex reflections  and refractlons oceur.

and the mﬂuence of 2D effects But m case of srtesrtuated in. the mnddle vf:the o

all adoptedf" 37 /

;plane layers

observed between the edge and the centre of the basm showmg the hmrtatron of D

- modelling as ab pr_.ed_lctrng site: antplr_ftc_atlogns.

| Agam on the same ?basm m the crty of Brlsbane (Australta) 2D m.dels}were- :

prepared for narrow and large basms The flrst model had a shape ratren” of 0 35 ‘

(narrow basm) whtle the second model had a rather extreme shape ratlo of

large basm)

sedlments 'h' to the' valley half wrdth ’l' (Bard and Bouchon 1985) lt was found‘ “
that in case of a narrow basin, 2D effects are 1mportant A huge dlfference in

'the mlddle and near the edge of the basm was observed For

. amphﬁcatron b'm:':'; ,

)

than the 1D respome, hrghcr modcs dlsagrce l‘ (o] ':t.lte

amplrtudes did not agree. These drfferences were exp alned by the shape of the
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- _earthquake engm_'_'_ers . The analysis of source mechamsm_and effect of pa

' ground motron in basm envrronments usmg shear dlslocatron sources based on

is to prcdlct surface motlons overlookmg the effects of surface topography‘

65



g In thls StUdYa .

and lateral effect 'of—-soils in basins. In this time dbma’i‘n' mode:lling, the amplrtude

- and duration can be computed drrectly and frequency can be obtamed

the trme domam rcsponse in frequency domam rIhus all the threei:‘

: 'can be computed in contrast to response spectra whrch do not provrde mformatronr

ba

-- about duratron - The study made in thrs thesrs report is conﬁned to know the 5

j effects of followmg rwo parameters on the characterrstlcs of strong ground motlon

5 These two parameters under study are,

vi)

| Effect of b’asz'm ge‘?i“g |
i) t -

 characteristics.

5.2.1 S_peciﬁcat!_qnés;of _Morlels 3

we have used four drfferent geometnes of the basms ese fo‘u—r‘:‘ o

5.4 show the geometry of a!l these four basms Each basm has been':

4200 m from the centre of the basrn Both these sources have been p]aced at a depthz

'EEOf 8'” m from the free surface Smce each ba;-

Edrft‘erent posmons of source, hence wnhw
Z?Odels to study. Drffercnt dtmensmns of these mo

v;“5‘.i2, 5.3 and 5.4. The properties of the drfferent layers of model which are same
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: as{been modellederth two
we have al'tcsgethér' cight

s have been shown in Flgs.S 1, :



Sl tmrlarly, Basln2 has same areal

model 'lhus FlgSSl 5 2 5 3 and 54 and

ries of basms have been descrtbes as "Basml Basin2,

vlng4" ; Basm['has smalli

léss hence 1t has b W and

shallow basm" G ‘

than that of basml hence lt has been termed as, " na 1) and deep basm" Basin3

zhas relauvely greater areal extent than basml and bast and the maxnmum depth

oat .the centre. is ...equal :»:t:o that of ébasml° hence lt ha:s been termed""'as ‘“w1de and

shallow basin®.

-it'erme:d. as, "wnde d_»,”deep basm"

-'d.: on :partlal stress- d:ro-p has--been lmplemented into the

.f.The computattonal parameters such as,

gnd Stze,r tlme—step.

| We 'get the parucle dtsplacement regtstered by the dtfferent recetvers after

i runnmg the computet program The graphs of partrcle dtsplacement (cm) Vs. tnne
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| BASIN 8

RECEIVERS :
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i LAYER 1
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Fig. 5.2 MODEL GEOMETRY OF BASIN 2
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iii)

is same

.dnfferent basms, yet the nature of the graphs is same for all the

four basms

Similarly, when source is placed at an offset from the centre of the

basins; despite the difference in duratieﬁs .and» emplitudes recordedfg

for dlfferent basms the ‘nature of graphs for all these four basms

of source at centre and source at an offset At the same tlme the_

dnfferent charactenstlcs | The comparatlve study of the graphs~>w1th =

almost same in nature, magmtude and? durauon;
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0 |s more than that recordedg.by recelver

Tlus may be due to the absorbmg boundary nearest to the

' recewer No 1.

__,'j."But as offset is mcreasmg the amphtude of prlmary wave
g mcreasmg ThlS effect is due to the radlatlon pattem of the

: Dlp Sllp source Snmlarly, mode converted SV-Wave from tl base of

the basm |s not VlSIble m the eplcentral reglon but lt c  be seen

wnth mcreasmg offset Just after the pnmary wave arrlval

v:) j There -is not much effect on the recelver placed at the edge of ‘the

vu) _conversion at the

L of multiples within
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FOR BASIN l WHEN SOURCE-IS AT CENTRE.OF THE
SPREAD .
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I

 Particle displac

Time (Sec)

Flg. 5.6 PARTICLE DISPLACEMENT AT DIFFERENT RECEIVERS

"FOR BASIN 2 WHEN SOURCE IS AT CENTRE OF "THE
- SPREAD
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Tlme (Sec) AEP SRR, 5
Flg. 5.7 PARTICLE DISPLACEMFNT AT DIFFERENT RECEIVERS

SPREAD : o o TR f,
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Particle ‘d-i:sﬁlia.(i:etﬁéhtﬁ(icm)

@; 5.8 PARTICLE DISPLACEMENT

FOR BASIN 4 WHEN
SPREAD: o

NT RECEIVERS

ENTRE OF THE
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o -5.2. 1 2 Nature of Graphs for all the Four Basins when Source

is at an Offset from the Centre of the Basms

i) The maximum of all the -amplitudes recorded by any on'el, of the'

_recervers has been registered by the receiver No 10 whrch |s nearest

to the source.

) As we move from recewer No 10 towards recelver No.: l we observe;?

that (a) the tlme requlred to attaln maxlmum amphtude is mcreasmg .

and (b) the magmtude of the maxlmum amplltude is decreasmg due to 5

usual dlvergence '_\_d"ratlon pattern effects

iii)  All the ten receivers show some amplitude of particle displacements
after the attainment of maximurn ampli?tLtde, but we see»"»'that the

ampllt de of these later stage recordmgs is_ more dommant in case of |

No 10 and goes on decreasmg as we. move towards recerver

No. 1. »'

iv) _Any two recervers whrch are at equal dlstance from the ocntre of the

bas
_'dlsplacement) ‘with hlgher amphtude shown by that recewer whrch is

nearer to the source.

) Whe"the Eso-urce is. at fan .'.offs'e't' 'P—phaS’e’ is vrsrble '.'”*at *a'n the

: recervers ‘and rts amplltude lS mcreasmg wnh ottset m contrast to

~ the SV- phase due to the usual radlatlon pattern

The mode? ‘con’verteé '5SV--wave-fr'01n the first rface can be seen at allié

the recewers J“St after the P'Pha Also due to the presence of .

basin, the mode converted SV-wave from the base of the basin can bel
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Fig. 5. 9 PART CLE DISPLACEMENT AT DIFFERENT RECEIVERS

FOR BASIN 1 WHEN SOURCE 1S AT AN OFFSET OF
.A4.200m‘ FROM THE CENTRE OF SPREAD
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5.10 PARTICLE DISPLACEMENT AT DIFFERENT RECEIVERS

FOR BASIN 2 WHEN SOURCE IS AT AN OFFSET OF

4200m FROM THE CENTRE OF SPREAD
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T|m§ (Sec) i

vffiE';iv.g. 5. ll PARTICLE DISPLACEMEN‘I‘ AT DIFFERENT RECEIVERS
FOR BASIN 3 WHEN SOURCE IS AT AN OFFSET OF 5
;:>4200m FROM THE CENTRE OF SPREAD
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Particle displacement (cm)

Tlme (Sec)

' Fig. 5.12 PARTICLE DISPLACEMENT AT DIFFERENT RECEIVERS
~~ FOR BASIN 4 WHEN SOURCE IS AT AN OFFSET OF
4200m FROM THE CENTRE OF SPREAD |
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seen. between P-phase and the mode converted SV -wave from the first

mterface

vii)  Other visible effects are same as mentioned in previous case.

5 2 1.3 Companson between the Nature of Graphs when Source is at Centre

and when Source is at an Offset (for all the Four Basms)

i) It is distinctly :obse?r:ved that‘.whenégusoét;rréé is Just below the:centre“of

‘the cen‘tre::.of the basm Hence the posmon of the source just below?
the centre. of the basm is much more devastatmg than that posmon of

B the source when 1t is placed at an offset from the centre of the

'is;-;:: tre' whereas it is near that edge of the basrn Wthh

nearer to the source, in case of source at an offset Hence when;‘gu o

iii) ~ When source is at an offset, the partic

receiver No 1 1s Q\'fery:vsmzt hat edge of the basin is

almost safe which is at a far dista t’rom the source; but whenff; :

source is at the centre, the partlcle dlsplacement recorded by both:
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| 5214 ComparatrveStudy of the Effé;:t of Basin Geometry

i

| The maxrmum amplltude recorded by the recelvers near _

: more m case of narrow basms (Basml and Basm2) as comp :

;;dcep basms

'th"e mode con

result,

it b',‘ iS

| with the

rtude of amplltude after the attamment of maximum

f-amphtude are more dommant in case of shallow basms (as-’ 'eCOor

all recelvers) as compared with the later stage amplltudes for the

The amphtudes recorde | r the :e;d:ges of all the

four basins are almqst”;same‘.;;
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CHAPTER 6 | DISCUSSION AND CONCLUSIONS

6t DISCUSSION

o ':Study of local site effects on the characternstlcs of - the strong motlon is of great

sngmﬁcance since it helps m earthquake drsaster preparedness and ultrmately to

| reduce the loss of hves and propertles Though a good lot of knowledge has already

been brought to hmehght yet much more actlve research lS needed in this fleld to

- add more to the exrstmg known facts In the past most of the srmulatrons were

. '_ge-nerat.lon_ usmg d

L insta%ntaneous stress

based on point source ‘which is not physrcally correct since m pomt source P-
o wave dommates and 1t can not explam the observed radiation patterns ' The

numencal method based on fmlte difference method has srmphfred the procedure of

Use of shear dlslocatton models mstead of crack source has enabled the source' -

ic stress drop in the form of Rlcker wavelet agamst the_: :

:rop (Brune 1970). 'The use of édyna'mlc-stress dI‘-Opf'ln the form

of Ricker wavelet |s a better simulation procedure of earthquake source Smce it

can explam the mrtratlon propagatlon and stoppmg of the rupture process In

. "‘numencal method:"

. -;;magmtude and frequency control of the sources are. possrble B

Frequency control of the sources lS of prime lmportance smce hlgher frequency.

--}.source leads to greater dlspersmn of the waves. Other advantage ~of numerlcal

method is that the effect of frequency content on the partlcle dlsp]acement can- be:“i‘,i

tu.dted very» easﬂy Though ‘numerical method was adopted for shear dlslocauonié

:irce generatlon by Vldale (1985 & 1987) too, yet hlS approach involved high level

mathematlcal dealings and great intricacies. The numerical method approach adopted -
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here is quite simple

'and can be applted for complcx structures where analyttcal

‘method fails. At the same time, the results ‘obtained using the numerical m

;adopted hcrc corrf 'boratc wrth the dndlytte.tl and observcd resulls lhc numertcal

algortthm used m tltevv stmulatton was. developed by Narayan (1998) based on the

parsrmomous staggered grld approxtmatton of the ealsto—dynamtc equattons to: reduce

.the requrrement of computattonal memory

The computed radiation .,patt,erns of the

varro’s shear dtslocatron sources ‘ar

) as. well as numertcal radti:

al. 19¢ :‘_patterns corpu_d by thale and Helmberger:
1987).

The computed strong ':_round motton for dtfferent models deptcts that the

P 1momous staggered grid scheme is stable for larger Potsson s ratto.

- Scaling relations have been studied to see the manner in which strong ground motion
7 characzterlstics Icltangeﬂ Wi’t’h change. tak'ing;i place in earthquake source paramelers

| namely,‘stress drop, rupture area, slip and Sllp ortentatton

Smce the charactertsucs of strong ground motton on or near the basm e been a

'great concern of research hence effect of basms geometry and e of the

' posmon of_ source. ﬁhave_._.gbeen studied here in detail.

62 CONCLUSIONS |

, _The efect of. change lll stress drop (Acr) dommant frequency (f ) trme-step (at), and
| Sllp (u) on the parttcle dtsplacement and stresses (_Normal stress _ln_‘ VX;yydr:rect_ron
and shear stress in X- Z plane) at eptcentre have been studied e.‘labiorately”f'aﬁd it

:Hhas been found that
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When sburcéﬂ |s a'.( "an of fset

'l nearest  to itr_

: ?l-’-phasc is visible at all receivers and

ent at all locations with

When source is at an offset

. the farther edge of the basin is much

safer.

‘The ampl_ntude of mode converted SV -wave (source at: an offset) is even

' fmoreﬁ thani';rtha‘t of lthc orlg-mal\ ;S‘V-wave.\. Sometlmes, modj convcrted_,

SV-wave may be treated as . ongmal SV w'a've. So, :modallmg”may be

usefull in _'r,é-movmg afor_esal-d confu-smn.

As ?-thickness of the basin increases, the duration and amphtude both

mcrease due to mcreasmg focussmg effect from the slopmg s1des

but ‘amphtudci is les_s due to dwer;genc_e effect.

g.f?he focussmg effect is more in case of narrow basm with respect (0
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