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Abstract

The results of extensometer observations carried out to study the tidal phenomena in the
Earth solid body can also be used for measuring slow and seismic deformations of the Earth’s
crust.

In order to observe the secular, tidal, meteorological, and seismic deformations of the
Earth’s surface, a three-component quartz extensometer has been set in the Tbilisi Under-
ground Tidal Laboratory of the Institute of Geophysics of the Academy of Sciences of Geor-
gia. In 1963-1976, horizontal extensometer used photo-optical transducers. Since 1976 all
components (horizontal and vertical) use capacitive transducers KD-2. The component

N66"5E with a 42 m base has the sensitivity of 0.22-10"°mm™" The component N30°W hav-
ing the base of 14.5 m records with the sensitivity 0.70 -10 " mm ' and third vertical compo-

nent with a base 6.45 m have sensitivity (0.57-1.75)-10"mm™" for different periods of ob-

servations.
The results of extensometer observations are given.

1.Introduction

Every point on the Earth’s surface is subject to two forces: the force of gravity due to the
attraction of the whole mass of the Earth and the centrifugal force due to the rotational
movement of the Earth. The resultant of these two forces is a vector, directed towards to the
point considered, and whose direction defines, the direction of the vertical at the point. The
last two elements cannot be strictly considered as constants because both the Sun and Moon
attract the point under consideration; This attraction varies with time and with the paths of
these two bodies. This phenomenon is the cause of oceanic tides, which result from the fact
that the free surface of the sea constantly adapts itself to the level surface perpendicular to the
pencil of disturbed verticals.

On an absolutely rigid crust, and provided with very sensitive instruments, we could ob-
serve directly the periodic deviations of the vertical (they reach a magnitude of 0°°04) and the
periodic variation of the intensity of gravity (which can be of the order of 0.2 mgal), due to
the changing attractions of the Sun and the Moon.

The Transcaucasus, as is known, is situated in one of the most active area, of geodynamic
processes. Strong earthquakes, landslides, and other phenomena, bringing danger to the peo-
ple, can cause avalanches in mines and threaten the destruction of important places (dikes) of
hydropower stations, bridges, tunnels, piers, roads, gas and oil pipelines, water reservoirs for
big cities, etc.). The problem of prediction of earthquakes is the most demanding at present,
but, unfortunately, in spite of all the progress realized, it is still far from being solved. Absent
are the concepts of certain processes that take place in the Earth’s crust before earthquakes;
there is no kinetic theory concerning the seat of on earthquake; it is necessary to further ex-
tend observations and accumulate all the date about precursor phenomena.
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The results of extensometric and tiltmeter observations carried out to study the tidal phe-
nomena in the Earth’s solid body can also be used for measuring slow deformations of the
Earth’s crust of tectonic or meteorological origin, deformations of the foundations of large
engineering structures and for the possible detection of indications of impending earthquakes.

Anomalies which contributed to the advancement of the hypothesis on the block structure
of the Earth have been discovered in the recordings of the instruments used in the observation
of tidal phenomena. Attempts have been made to discover the timing of the anomalies in the
course of the tilts with the time of occurrence of large earthquakes. In this connection a study
of the recording of a tide-recording instrument freed from the tidal waves (and, as far as pos-
sible, from meteorological and instrumental disturbances) can provide information on the
“secular” movements of the Earth’s crust.

The Tbilisi Earth-Tidal Underground Laboratory has been founded in 1962. Since 1969
this Laboratory functions as an International Centre of Commission of the Academies of Sci-
ences of Socialist Countries on the complex problem of “Planetary Geophysical Investiga-
tions” (KAPG) for the unification of tiltmeter observations. Subsequently the department of
Earth tides and of Earth’s crust dynamic (on Ingouri test Area) were established on the basics
of the Earth-tidal Laboratory.

The Tbilisi Earth-tidal Laboratory have been occupied a well-appointed underground tun-
nel, which is characterized by constancy of temperature and absence of marked tectonic de-
formations.

The underground Laboratory constitutes a horizontal tunnel 102 m long flanked or either
side by five large chambers.

In order to observe the tidal and secular deformation of the Earth’s surface a three- com-
ponent quartz extensometer composed of welded quartz tubes has been set in the Tbilisi Un-
derground tidal Laboratory. The component N66’5E with a 42 m base has the sensitivity of
0.22-10"mm™ Another component, N 30° W having the base of 14.5 m records with the
sensitivity of 0.7 -107"mm™" . The 6.45 m long quartz vertical extensometers sensitivity var-
ies between 0.57-10"’mm™ and 1.75-10"mm™" for different series of observations.

The drifts of extensometers, freed from the tidal waves, have been used for the present
study.

Fig. 1 shows the drifts of the horizontal extensometers for the period from 1965 to 1972.
Let us discuss these drift in detail. the long extensometer recorded compression from March
1965 till the end of 1968 with approximately constant velocity. During that period of time the
total compression was 8,4* 18™®. From the beginning of 1969 till the middle of 1970 the drift
was negligibly small, and from October 1970 till the end of 1972 the compression continued

and amounted to 3.5 - 107%, Altogether, during the period from 1965 to 1972 the value of drift
in the N66°5 E direction was 11,9- 107%,
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Fig. 1.The drifts of horizontal extensometer.

The short extensometer N30° W recorded compression with sufficiently high velocity
from March to November 1965, the total deformation during this period of time being
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10.5-10%  The reason for this was the swelling of the main base which held the tube embed-
ded in concrete; this forced us to transfer it to the opposite side, where the rocks were more
monolithic and less moist. The recording on the new base was resumed in February 1966. Be-
ginning with that time till May 1969 the given component recorded the extension with con-

stant velocity, and the total extension during that period of time was 12:6 - 10°%  From May
1969 till September 1972 the drift was very small and the extension during this period was

2.1-10™% From 1966 to 1972 the value of deformation (extension) in the N 30° W direction
was 14.7 - 1078,
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Fig. 2.The vector diagram of horizontal deformation.

This discussion enables us to assert that the drifts in question are largely not instrumental
and they represent the picture of the real displacement of the control points.

In order to characterize the horizontal component of the vector deformation a vector dia-
gram has been plotted in Fig. 2.

Fig 3 shows the drift of the vertical extensometer and variation atmospheric pressure for
the period from 13.3.1984 —21.3.1986.

The stress caused by the atmospheric pressure variations directly act on the vertical exten-
someter. It considerably amplifies the S, signal and disturbs of tidal 5z component. At Findel
Airport of Luxemburg which is practically 180° from the extensometers phase while the
amplitude ratio, i.e. the admittance of the extensometers to the barometric pressure is

(443 + 0.250)107 \p.

We found for Thbilisi vertical strainmeter an admittance of
-9

10
98 + 0.67) -
(498 £ 0.67)  —

A precise (if possible) calculation of the cavity effect on the vertical strain would be help-
ful to check the properties of the rocks and the response of the instruments to different kinds
of perturbations.
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Fig.3. The drifts of vertical extensometer (1); variation of atmospheric pressure (2) Period of
observation 13.3 - 1984 — 21.3 - 1986 (506 days)

2. Experimental investigations of the linear strains

Observations of tidal deformations have been carried out since April 1963. First numeri-
cal results obtained with the aid of two bar extensometers with base 42 m long for N66.5°E
component and 14.5 m long for N30® W component. In 1963-1976 this instruments used
photooptical transducers. Since 1976 this extensometers use capacitive transducers KD-1 and
KD-2. The amplitudes of the five main tidal waves have been determined. Then if we take the
amplitude ratio of waves @rand Mz, which by the way eliminates the difficult problem of
calibration we obtained the following equation for different components and periods of obser-

vations:
a =

where A& 81 €4 — coefficients, h-Love’s number, 1 is Shida’s number, solution of which
yields the numerical value h/l ratio. The value of the h/I ratio proved to equal:

Extensometer N 3¢°1W

1.Photooptical transducer

Aty _ g peq _ 2148 10:* hE = 3.431414&15 + 7.1390% A

Ag, 1.579.-10%) h%-T7hl 4+ 13.956[% ]

2.Capacitive transducer

=7.004 = 0.272

Asty _ ., 127 = 2.148 107" [R5 - 3.4314hl + 713915
Ag, 7% T 1579-10%) A% -7al &+ 13.956% 7= 66710169
Extensometer N&2°&

Photooptical transducer

Asg, 2148 10°% fh% - 9.5016R 4 Z5.56051%
Ao, 77 =1579-10%) ni-4436l 6ol | 7= 65620245
3. Capacitive transducer

Abty _ oera _ 2148107 [n® - 9.5016aL + 25.56051F |

Ag, 1579 -10%) h¥-4.636A + 6.591% F=7154 = M&z,
from which we derive weighted mean values:

h [

E= 6.80 = 0.20; i 0147 = 0.004.

3. The vertical component of the extensometer

The third component of extensometer — vertical, has been installed in 1965. A hollow
quartz tube of circular section has external diameter of 4 cm and thickness of 2 mm. Second
part of the extensometers steel bar has external diameter of 3 cm and length about 2.5
m. A cylindrical hole having a diameter of 40 mm and a depth of 25 cm has been
drilled into the rock and the steel bar was fixed with special mechanism. The lower
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part of the steel bar was connected to the quartz tube, yielding the total length of
6.45 m.
The displacement of the lower end of the tube is measured by the capacitive transducer

of the &2 — 2 type. The sensibility of transducer is 100 mv/#
The radial strain at the surface is given by the equation.
By = Iad—ff(_i)— 2]1_]?&: nﬂz
et ag ag
Ozawa obtained
We Wy
D)= FGI—==(n + 2h + 61)—;
ag g

where a is mean radius of the Earth, g is gravity, Wz is tidal generating potential,
n=ah’'#+2h_ D(r) — cubic dilatation, ¥ =@ Hlad=F, Flad=F (fourth Love’s
number);

the materials of observations of 506 days (13.3.1984-21.3.1986) were chosen for
processing by the method of harmonic analysis [1].

Taking into account of the main tidal waves (MiZ&Fi2 ML AA Q1) and
ko= 0.536 = 0.016, = 0.079 = 0.00Z3  (from horizontal extensometers) we get
weighted mean values for Thbilisi:
= —0.262 + 0.034 ah =—1342 2 0073 f=03161 008 D@R)=26% 1077

Expressing Poisson’s ratio @ in terms of Love number h and | and n we have at the sur-
face of the Earth
A
&F=2—
n=6 +rh .

For Tbilisi we find & = ©.305 £ 0.03¢
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HUccaenoBanue nedopManmoHHbIX mnpoueccoB B TOmaucckom
MOJA3eMHOM NMPUWINBHOI J1adopaTopuu

Kapno 3. Kapreenumsunu

Pesrome

UzBectHO, uto TBEpHoe Temo 3emun  AeopMupyeTCs  pa3iMYHBIMH  CHJIAMH,
JeHCTBYIOIIMMU Ha €€ MOBEPXHOCTU. OTH JedopMalud MOTYT ObITh MNEPUOJUUECKUMHU
(3eMHBIE TNPWIMBBI, CEHCMHUYECKHE KOJeOaHMWs) U HENEePUOJUYECKUMH  (MEIJICHHbIE
TEeKTOHWYeCKHe Jnedopmanuy, JaedopMalvd, BbI3BaHHbIE BapHaLUAMH aTMOC(HEPHOro
JABJICHUA U T. 11.).

Hcnonezyempiii B TOunmcckol  MOA3EMHONM  MPHIMBHON — JlabopaTopuul  TpEX-
KOMIIOHEHTHBIM 3KCTEH30METp ¢ EMKOCTHBIM INpeoOpa3oBaTesieM Manbix cMmemeHuid K/I-2
JNa€T BO3MOXKHOCTb PETUCTPUPOBATH M3MEHEHHUs 0a3zbl mpulOopa Aias KOMIIOHEHTOB CO
CJIEAYIOIIHUMHY [TapaMeTPaMU:

1. Kommonenra N66°5E - Gaza 42 m , gyscTBUTENbHOCTE 0.22-10mm ™.

-10 -1
mm .

2. Komnonenra N 30° W- 6a3a 14.5 m , wyscrBurtensuocts 0.70-10

3.BepTukanpuas KOMIIOHEHTa - Oasa 6,45 M, YYBCTBUTEIbHOCTD
(0.57-1.75)-10"’mm™"

B pabore mpuBOmATCA pesyIbTaTHl MHOTOJIETHUX HAOTIONEHWH STHM YHUKAIbHBIM
mpubopoM KakK IJid TIPUIMBHBIX, TaK M MeTEOPOJOTMYeCKUX M TeKTOHHYeCKUX

Iedopmanuii.
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