ON INTENSITY OF EARTHQUAKES ON ROCKY GROUNDS

By S.V.Puchkov X’

A theoretical foundation for an engineering and sta=-
tistic conclusion is given on anultimate force of earth-
quakes on rocky grounds. As an estimation of this force a
simple correlation has been obtained for determining ma-
ximum velocity of particle vibrations during a violent tre-
mor. The correlation is based on an ultimate magnitude of
flow of seismic energy and a destructive stress of rocks.

A comparison is drawn between obtained data and the inst-

rumental observation.

1. When designing buildings and structures in seismic
regions one should have data on the movements of ground on
the earth surface during violent earthquakes. These data
result form the velocity spectrums or accelerations of par-
ticle vibrations of various grounds whose nature during
strong movements has not been studied well enough as yet.

Up to the present time the recordings of the seismic vibra-
tions in the epicentral zones of the earthquakes force 7, 8
and 9 are very rare. Owing to this the basic source for re-
liable information on the movements of grounds in such ca-

ses is next to none.

x) Sc. Dr., Institute of Physics of the Earth of the USSR

Academy of Sciencies, B,Gruzinskasya 10,Moscow 242,USSR.

I11-240



A thorough engineering analysis of damages and
destructions caused to buildings and structures located on
various grounds during violent and destructive earthquakes
which occurred on the globe during various periods of time
testifies to the fact that the earthquake force 7 may prove
destructive on rock. This was observed during the Lisbon
earthquake in 1755, Andizhan earthquake in 1899, California
earthquake in 1906, Messina earthquake in 1908, the Crimean
earthquake in 1927, Fukui earthquake in 1946, Ashkhabad
eaTthquake in 1948, Khait earthquake in 1949 , etc.

Many concrete examples of such kind can be c¢ited to
show similar situation, they are given in the works (1)
dealing with the investigations of the consequencies of
violent earthquakes. These have been used to derive the abo-
ve engineering and statistic conclusion.

2. Following is an attempt to produce a theoretical
background for this engineering and statistic conclusion.
Forr this purpose let us analyse seismic energy developing
from a seismic focus to the earth surface using a method of
geometric seismology (2, 3). Let us assume that the earth
crust in the vicinity of the seismic focus in homogeneous
and disotropic whilst near thé earth surface the zones of
sandy-argillaveous formations are likely to occur along
with the rocky zones. The energy passing from the seismic
focus along the seismic rays can come up to the earth sur-

face either only along the rocky grounds or following the
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rocky grounds through a layer of a sandy-argillaceocus depo-
sits. In such a case, the energy flow reveals some changes
on the boundary line between the layer and the half-space.
It can be taken into account if one use laws ¢f refracrion
and reflection of seismic wavess.

With the aid of a method of geometric selsmology it is
possible to establish that the intensity of a wave travel-

ling alétng a seismic ray can be estimated by a product
2
VC/J:F:COI’.‘.STZ (1)

where V 1is a velocity of vibratiorn of medium particles,
C 1is a velocity of wave propagation and /3 is a2 medium
densitye.

If acoustic rigidity data are plotted as atscissa as
they increase and the square velocities of particle vibration
are plotted as ordinates the graph of this dependency will
take a form of a hyberbolic curve, Fig. 1. According to this
curve, loose grounds having small values of acoustic rigidity
are characterized by high velocities of particle vibrations,
With passing over to dense rocks acoustic rigidity increases
whilst particle vibration velocity drops. As long as acoustic
rigidity terds to a maximum value particle vibration veloci-
ty to a certain coﬁstant value., Hence |

v2=-.f(c;:>) —— Comst . (2)
Cﬁ—rm
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According to the recent views the stresses in the
earth crust are distributed irregulsarly. In the regiomns of
prospective violent earthquakes there is a process of gra-
dual accumulation of stresses which come up to the limit of
temporary resistance and then bring the material of earth
crust to destruction which is accompanied by an earth-
quake. Seismic waves which are formed in these rocks as a
result of an earthquake are such that they cannot cause
stresses exceeding the strength of material where they pro-
pagate. On the other hand, we have a graph at our disposal,
Fig.2, showing a recurrence of violent earthquakes made up
by Guttenberg.and Richter (4) for a depth of from O to
60 km. In this, afrequency N of earthquakes of the same for-
ce occuring annually is plotted as ordinstes whereas earth-
quake intensity or magnitude is plotted as abscissa. From
this figure it feollows in the region of the most violent
earthquakes this graph inclines inside and towards the direc—
tion parallel to the ordinate axis. It looks as if it were
tending to cut off an ultimate value of energy of a violent
earthquake, ﬁhich it pever exceeds, on the abscissq.‘

Thus, it can be taken for established that energy of
an earthquake determined through ultimate déstructive stresses
of rocks canmot rise iﬁfiniteiy; Owing to this an earthquake
force has some boundaries and cannot be in eicess of &
certain limit. In accordance with this a flow of eﬁefgy can-
not be larger than a predetermined value thpﬁgh it may alter
fron earthquaké'fo'earthquake.v ' o o o
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Owing to the above the formula (1) can be written
down in another form, i.e.
Vep=F £ B (3)
Besides, stress in the passing seismic wave is equal

to
\Vep= 6 (4)

To avoid rook destruction due to dynamic stresses of

varying signs it is necessary to introduce a certain safety

factor n. Then we shall get

Vep<§ & e (5)
where n for dense rocks is normally of the order of from 5
to 10.
Since the right-hand portion of (5) cannot exceed the
destructive stress 6% of rock material it will
be true to put down
"G 26, (6

Hence, the combination of (3), (5) and (6) results in

Ve o ?)
‘5R
In this we do not take into account possible cases of ref-
raction and reflection of energy flow passing from the seis-
mic focus to the earth surface.

We mean herein +the ultimate strength during a dymnamic
destruction of rock. Its amount can estimated as follows,
The earthquakes are known to produce seismic waves which
propagate from the source to the environment medium and
cause a number of changes in pressure of a limited dura-

tion in it. The number of such changes normally numbers
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from 100 to 1000. Since no experimental data are avai-
lable on the breaking strength of rocky ground during the
action of seismic loads we shall believe it equal to the
breaking strength valid for static destruction. Judging
from some indirect experimental data a deflection in this
case is about 20 per cent.

This appeares to account for the fact that the period,
when pressure grows to maximum during the passing of a seis-
mic wave, is much longer than that of the rock vibration pro-
per which means that the effect of this pressure can be con-~
sidered as static and, consequently, a destructive dynamic
stress can be assumed t0 be equal to a static destruction.

The formula (7) can hold true not only of rocky but al-

so of other looser grounds which are characterized by a
stable value of an ultimate destructive stress. Let us ana-
lyse how the formula obtained can be applied to these ca-
ses. Since a flow of seismic energy in the focus or at two
observation points close to it keeps constant for different
kinds of groud, the expression () at coordinates (V, & )
is a hyperbola. It shows that with small destructive stres-
ses which correspond to loose grounds velocity of particle
vibration proves to be the greatest one. With a pass over
to large stresses which correspond to solid and rocky grounds
this velocity drops and within the limit, when 6 R-"
it keeps constant and is the least one of all possible

velocities of particle vibration on various types of ground
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at violent earthquakes. Thus, when deciding upon a const-
ruction cite one can estimate beforehand what tremors are
likely to occur during the earthquakes to be ex@ected.
This , however, calls for a sufficiently accurate value of
e destructive stress of ground under & structure to be built.
3. Assuming the least strength of a rock to be equal
to 50 kg per sq.cm we can calculate an ultimate value of
velocity of particle vibration on the surface of rocky
ground of a considerable thickness during destructive earth-
quakes. According to instrumental observations the most com-
mon maximum value of energy of destructive earthquakes is
1025 ergs. It is related to the energy flow through & for-
mula

Ezg F, dsdt =F, 5T @®

Assuming that S = 2% R? where R is a hypocercal distan-
ce and T==Z:;Ei is a duration of the vibration process at
the observation point due to a number of consequent tremors
of a violent earthquake.

Let a hypocercal distance R be 30 km and a duration B
of the seismic vibration process at a violent earthquake of
the order of 5 min, The latter is based on the fact that
a duration of a vibration provess at the Vernon earthquake
in 1887 was 5 min and that the Japan destructive earth-
quake lasted over 4 min. Hence the value of an energy
flow is equal to F, = 600 kg/cm per sec. Using (7) we shall
obtain V£ 12 cm per sec. which approximately corresponds
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to the strength of the earthquake force 7.

Neumanm (5) belives the velocity of particle vibration
at the earthquake of such force +to be 9 m per sec. Accor=-
ding to instrumental observation, when in & Pribeikal (near
Lake Baikal) expedition, the author of the present paper ob-
served & tremor force 6 on August 29, 1959, which occurred
on limestone, and recorded the velocity of particle vibra-
tion within 5 to 6 cm per sec that corresponds to 10«12 cm
per sec for force 7.

From numerous investigations into the effects of explo-
sions upon structures it has been found that with the velo~
city of particle vibration of 12-14 cm per sec plaster cracks
and falls off in buildings and structures, chimneys fall
down, sometimes main walls reveal cracks. Such destructions
usually refer to a tremor force 7.

Instrumental estimation of force intensity on various
grounds are extremely scarce. Neumann (6) cites the accele-
rations of ten viclent earthquakes on various rocks. He sta-
ted that the maximum intensity recorded on granite at violent
earthquakes in Helen, El Centro and Olympia was force 7.2
with a period of 0.3 sec and force 6.7 with a period of 2 sec
and over. & period of 3 sec at all distances corresponded

to the maximum acceleration measured.

Thus, a comprehensive study of the discussed problem le-
ads us to belief that the force of earthquakes on rocky

grounds may be as high as force about 7.
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In the case of fractured and weathered rocky grounds
and complex relief the ultimate force may slightly rise.
There can be no fault movements, landsliedes or collapses.

An ultimate velocity of vibrations on rock allows to
construct a spectrum curve of sccelerations which can be
taken for a standard. Other grounds will show higher velo-
cities of vibrations and the acceleration spectrum will rise
respectively. To plot them, use can be made of increment in
intensity of seismic vibrations based on instrumental ob-
servations during weak close earthquakes.

Thus, in each seismic region and for any distribution
of grounds one can predict the ultimate force of tremors
during the destructive earthquake. On rocks it will be round
about force 7 whereas on loose sandy-—argillaceous grounds it
may amont to force 9-10,.

Experience testifies that such differentiation of tre-
mor forces between various types of ground will hold true
even when a violent but not a destructive earthquake occurs.
In this case an earthquake force on rock may prove to be
less than ultimate one and respectively it will drop for san-
dy-argillaceous grounds but there it will always be higher
than on rock. This testifies to a certain pattern in dist-
ribution of intensity of seismic vibrations in different
grounds during earthquakes.

It appears important, therefore, to establish for eve-

ry seismic area, using the above method, standard spectrums
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of

accelerations of violent earthquakes. attributed to dif-

ferent grounds and use them for calculating seismic loads

acting upon structures.
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The decrease of the particle velocity with the varia-
tion of acoustical rigidity of the media. Fig. 1.

N - Feegquency of eaztkquoxes
/7 -l17agnitude

65 70 75 80 85 M
Mean annular of earthquakes per 0,1 unit of magnitude.
The deep of shocks are O -~ 65 km, Fige. 2.
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