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whdfc eis the rdte of streés aﬁcumulaﬁon, ﬂidt the streds dt‘hp ﬁ;g,, ﬂ'bss accu-
mylated and p, is the residual stress)is the same for all the sar qu,n the same .
fauiti-and that the stress diops to the same value: p, aftdr all ﬁn
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Let us represent / and p in a cartesian plane; the extremal values (/,, 1) of / and ( p,, D)
of p define a rectangle; every paojnt of this rectangle; represent a possible Earthquake of
our model. It seems acceptabe to assume that Di~v gl the number of faults with linear
dimensions, in the range 1, 1+dl, and that the number of the stress drops in the range
D—Dpy; p—py+dp is given by (2) possibly corrected by a factor P (p—py)* (¢ < 0). Then
the nlglnber of earthquakes in the range, J, I+d/, p—p,, p -p,,+do and occurred in the time
interval T is

TDP ' '
~p- (P—po)* dl dp : (3)

where # is the return pesiod of the earthquakes with stress drop p—p, It can be proved
mathematically that the form here assumed for the distribution function of 1 and P—D,
is the only compatible with oervations.

Depending on the values of J,, /,, p;, p,, we can have two patterns for the paths of
dntegration in relation to the crossing of these curves with the lines p=p, and p=p,. The
most realistic situation is that of Fig, 1.

A direct integration of formula {3) gives the cumulative distribution functions
n (W); from it one may then obtain the frequency distribution function A(W)= —(dn/dW)
W is the stram energy released by the earthquake related to ! and p by
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W=k 2 o )
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. where % is the seismic efﬁclency and =12 y=1'% m’%ﬁﬁf’iﬁige i3, "I'he‘yﬁaﬁk
different expressions depending on the values _
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* A direct integration of (10)

and on the maximum and minimygh
corner energy define the interval in wm&’ B (Wi‘
when W, < W, for W, < W <,JV, we have
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For W, a W < Wy we have ’
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THE MAXIMUM VALUE OF W

The value of W of the scismi-regtonware of great interest in many. problems,
they can be obtained by fitting formulze (8) to the catalogue of earthquakes of that
region. ' _

. During the faulting, the fault may ‘ovérshoot the equilibrium position and build a
stress of sign opposite to that which generated the earthquake, as in the case of reverse
fa.u_lting_; itis ¢ obe Seasomabie t0 asmime th¥ averagd valmapyste .- <

~ To obtain the mazimum value of W, ﬁmm obtain v from the linear part of A (W)
and « from the distribution of stress drop, then with the available values of A (W) for
W > Wy we obtain the parameters. Ay, -8y ..~ . -

Finally the adjusted values of Z,,___B, give

: 1=y a\-1. 7 '
log WM=(—2-‘-'--§) log%! ...(9)
- . , 3

For practical purpose formula (8) and (9) can be written for p,=0 which is a reasonable
assumption
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4, and B, should be' used a3 best fit parameters for ‘te/data with M > M, (W> Wy);
l.';—"-r=b shopldbq computedLin the range M, < M <M, (W, < W< W,) as it was

done by Caputs Comsole (1977), as welt as v and «.
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The analific study of the paremeteuf. of (8) llm’elll that an accurste analysis of
the?catalogues of earthquakes may . gﬁ -precursors of earthquakes. In fact
d:ﬁ‘erentmtmg (8) with resmct to p, we n

B

Gthoo?s <n.md3(v~l)+3«>mmmym ,f B s
end formemouandyommcmmwm o
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Tkeref @ varigtion ;egmml values. of due todry or wet dlhﬁmy,or to an

addmonal load of wetex: }n aﬁm Tio. pregsure changes, mhy bauie
" a.variation in the regmnal number thqugfi'u pg‘;punit h‘%ie‘gl}tg factor y‘
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2=10 n =1+40. 5% : (13)
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and we may see fhat a va.nahon of 40 % in P, could Gailsé a variation 0!’297 in the
number of egrthquakes per unit time. .

Incaseofan itional load u?fwate:u} tewﬁﬁe;qllake thefaptonmaybebf
e for

several nits or fens. 'The same ¢o d be tru ctonic cavises.

Another relevant precursor could result from the variation ofM" ehﬁdeﬂ'by
variation in the regional condition of stress. In. fact we have ﬁ'om the ﬁrst formula of
(6)-and (5) dlﬁ'erentxatms with réepect to p,.

Sitce for M= M, the ‘denVative of the - function 1og # hzu a censp:euoua disconti-
nuity and the-curve forms a cusp, the variation of the position 6f thfs cuxp caused by
variation of p, should be detectable. A change of 40° /po ‘FW
of 20% in the number of earthquakes per unit tnme and s shoukl change o
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per unit time with M ~ 0 to consider is: mermm “Jorthe mybstnctive: segions this
- number of earthqukes id-sufliciently iarge to aliéw t0:0bserve ‘Toctoations ' of /Ay with

reasonable accuracy and in relatively short time. If the value of M, istoo'ymall and we
) t have & catalogue complete enQth to be able to détect it, the vatge of M for
'wgmgég the fitiction !‘og # ceases to be linear, in the' ‘Fange of small valies of M, could
serve for the same use as M,
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Another obvious precursor could be owbgm Ane M;@t fi'om
(8) dlﬂ'erentxatmg with respect to & we obtain

P -
SRR “"*‘. %3 : --.-,_,.-.e,(ls)

The variation of 4, over the centunes observed in va.nous parts of the world (e - Amtoha
and Italy) could be related to the variation of ¢ and from thp ~varigtion of 4, one could
retrieve the variation of e. For that we are cencerncd hore, eﬁremen of 20%'in ¢ causes
an equal variation in the number of earthquakes per unit time

Finally we must note that a varlatiosi - # ‘the Toeal ‘contittion ‘of spfess near the
surface of the earth, due to natural causes or to human activity, can trigger a new set of
faults near the surface. In this set of faults the small faults would be more numerous,
because at ‘the surface the confining pressure is smaller. This would cause an increase
in the value of v which in turn would cause a decrease in the value of B, has it has boen

?I?e“m in the regions where Iarge loads of watars haye been - ppplied to the surface of
o

‘CONCLUSIONS
The model presented here to represent.the § datp. on. uakes which
are available today fits satisfactorly 'the dats of mo “egl s of thé world.. Ifa
catdlogue of the magnitudes..of a seisgg: reglqn ‘is"avalle formuiae enable to
estimate the maximom megnmide possible In-the region, aIso the 'Inodel alfows to estnnaie

the density distribution function of the faults and of the stress drops of the region as
functlon of their size. .

Moreover the model auggests gome dn'ect links between physical phenomena
oceurring in the crust of the Earth a.nd .obsorvable precursors-of earthquakes, _

Analogous formulae have been obtalned for the seidtiic moméit, " However sinée
the seismic moment is rarely measured we shall nof report the formulae here; we shall
sitmply note that the check on all formulae made with available data ar successful
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The Statistical Laws in Physical and Geotechnical Sciences:

1t is really very much interesting to note that the same statistical laws of
distribution have different degrees of acceptances in various branches of knowledge.
When a medical researcher studies effect of some chemical on the functioning of a
jcular o of human body, on a smalt section of population in a particular
ocality, his findings are readily accepted by the majority of population without any
reservations. However, if a geoscientist makes certain claims about the P velocities in a

- layefed formation, using the same statistical laws, it is not readily accepted. This is due

to lack of proper interaction between the subject and the common man. It should be
always borne in mind that the statistics does not help in understanding the subject but it
is useful in understanding the observed facts with cértain laws of distribution, ocourrence,
non-occurrence and the failures. 'In all the measurements, the factor of uncertainty is
always inherently associated with certain degree of failures or tolerance. The amount
of uncertainty may vary depending upon the type of measurement and the methad of
megsurement itself, this is the main point where the earth scientists are unable to compete
with the physical scientist. However, the element of uncertainty in geosciences should
not be taken as the conventional uncertainty but it should be taken as the normaky.
As in Physics the physical laws of measurements are always governed by the Heisenberg’s -
principle of uncertainty though the amount of uncertainty is always very small as com-
pared to the conventional measurements but it is not so small as compared to the atomic
dimensions. But this is usuadly forgotten and the physical measurements are always
taken as ‘Exact’, not only by the common man but by the scientists themselves. When
a geoscientist says that the Indian continent is ‘moving with a velocity of 3 to 5 cms per
year in the northeastern direction, this statement should be equally accepted as a parti-
cular radioactive subistance is likely to emit 10'? radiations per second. In a radioactive
substance if there are N, number of nucleii then it is said that at any time ¢, N; number
of nucleii will disintegrate and various radioactive constants are purely based on statisti-
cal calculations, However, all the decay constants are normally taken as ‘Exact’, When
a geomorphologist says that the life of reservoir is likely to be of the order of 250 to 300
years this statement is taken not so seriously and at times it is ridiculed as vague. -

It is, therefore, much partinent to note that all the branches of science are always
having some bias of uncertainty’ in all the findings and unfortunately this important
factor is not considered in its proper seriousness. Mathematics which is known as queen
of sciences is also affectd -by this factor. The Mathematicians have been claiming their
sul‘:fect as one of the perfect sciences. It has its fundamental constants like ‘e’ and ‘=’
and several formulae have been developed on these basis, however, these constants are
incommensurable and the exact.values of these constants are pot known, not oaly this
the mathematicians themselves have proved that the exact values of these constants
cannot be found out. Same is the case with astrophysical measurements, the values of
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