THE RESEARCHES OF THE ROCKS PROPERTIES BY THE LABORATORY
ACOUSTIC TESTING
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(A kdzettulajdonsigok kutatdsa laboratériumi akusztikus médszerrel)

The estimation of the mechanical properties of the rocks in laboratory could

be done in two ways:

1'Ch - the static method - this involves recording changes of diameters of
the rocks sample caused by strain applied.
end
2~ the dynamic method - this involves the measuring the elastic reaction

of the material for dynamic loading factors.

The estimation of the mechanical rocks properties executed in laboratory
conditions by using the static method is time-consuming and troublesome -

- since a large monolithic sample and subsequent its cutting and polishing
is reguired, It is also very often impossible to take a large samples in
hardly accesible places or bore wholes. A long procedure of preparation of
the samples introduces additional errors to the results, or change the
properties of the material. Also the sample can be used only one time for a
testing and than is disturbed. So at last time is more satisfactory to use, as
much as possible a non-destructive methods for researches the properties of
the solid materials. Among of them the great role play the geophysics method

and in laboratory conditions the acoustic testing.
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This last method involves the monitoring of the acoustic waves velocity in
rocks, under known conditions. It is based on the assumption that the
elastic medium reaction is characterised by specific velocity of the acoustic

wave propagation - so this velocity depens on the properties of the material.

Main rules of the acoustic method s.c. '"going through', lay on measurements
of the time necessary for overpassing across the sample the sound impulse,
generated from one side and analysed from the other. Such testing is well
provide if the dimension of the sample - the way of the wave crossing - is
longer than the length of the generated wave. So in laboratory, where the

miniaturisation of the sample is very important, the researches are caried
with the use of the high-frequency waves: ultrasounds - which make possible

a far going reduction of sample size, or directly testing the bore cores.

The acoustic-ultrasound method makes also possible unlimited repeating of

the measurements and therefore signicant and rapid increase in their
accuracy and further use of non disturbed rock material to the another
examinations., So it not suprising that the progress in measurements of
geotechnical prbperties of rocks could be expected with the development of

this non-destructive method,

Dynamic-acoustic method make possible to directly measure such elastic
properties of the material as an elasticity modulus (E d) - and Poisson

coefficient ( Q) from dependences:
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where CL - longitudinal wave velocity, C,_, - transversal waves velocity,

45
and later to determined the other material constances. The above is valid

under assumption that the rocks medium is homogenous, infinite, elastic

and isotropic,

In geotechnical studies is as well necessary to know the compression and
tension strenght, porosity and volume density of a rock material. The latter
should be calculated on the empirical way from the correlation between other

parameters - especialy often to the longitudinal waves velocity.

But at the case of unhomogenous, muliticomponent rocks material the
velocity of the waves propagation depens also on its properties like: mineral

composition structure, texture, fracturing, temperature and state of

stress,

Waves propagation is quicker in fine grained than in coars grained material
and all the planes of foliation, bedding and discontinuity, muffle the waves
velocity; and also the differences in values of velocity measured in different
directions may be expected. But it means that if the structure and texture
are typed very carrefully and is konwn, the various data of rocks properties

can be find by the experimental way.

After estimate material constants: E d iV , canbe fine the coefficient of

anisotropy Can as:

c + C
WS C C
2 . g X y
————‘CZ or if it is necessary as Cz or Cz or

in every other programmed directions. During the laboratory acoustic

testing of the rocks is very popular looking for the following main relation:
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th
1 the fractures orientation (OO - longitudinal wave velocity (CL)

d
28 porosity (p) - longitudinal wave velocity (CL)

3th compresion strength (Rc) - longitudinal wave velocity (CL)

For the such studies the samples have to be choosed very carrefully, due

to the interesing programme. As an example of the such research may be -
presented the practical examination have on Oligocene flysch sandstones
forming a series very popular in Northern Coupatiens (Fig.1). The flysch
series of sediments are originated in geosynclinal area and are an example

of episodic sedimentation. They display repeated sequence from conglomerates

through sandstones and siltstones to clays (Fig.2).

Testing sandstones generally represent upper links of the flysch sequence and
macroscopically they are mainly characterized by finaly - layered, random

and convoluted textures,

Finely - layered texture is characterized by pararell arromgment of

components and a trend of desintegration into thin plates (Fig. 3,4.)

Random texture is characterised by disorderly arrangment of components,

without any privileged direction of grains orientation (Fig.5,6).

Convoluted texture is unhomogenous, parallel in some places and with

noumerous small foults elsewhere. It is found in corrugated sandstones
macroscopically visible numerous forms of current bedding, complex
disturbances and several density accented by accumulation of dark minerals,
sofor sometimes deposit is built of several forms lens-liker (Fig.7,8). From
petrography point view all types of sandstones are mostly light-grey sand-
stones consist of 42% - quartz, 15% - mica, 10% muskovit, 5% - biotyt,

7% feldspar, 5% - plagioclases and the rock’s matrix (carbonaceus 25%).
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The acoustic testings could be provided at the any shape of the sample:

cylindrical or cubic form, but to know all sedimental form and disturbances

on it, before testing is abligatory (Fig.9).

The measurements have to be made in three directions, perpendicular one
to the another (x,y, z) where the "z'"" axis is for example perpendicular to the

bedding and x,y - parallel to it,

At the presented case, before acoustic testings were executed to the
measurements of volume density, unit density, effective porosity of the rocks
material. After simply acoustic testing in natural conditions the samples were
placed under increasing load for testing the compressions strength and at this
time were examinated simultaneus the linear deformations of the samples in
all sides and the changes of the waves velocity propagation due to stress
increasing. The ultrasound waves velocity of the flyshys sandstones (tab.1)
equals 1275 - 6250 m/s for longitudinal waves (CL) and 1680 - 3390 m/s
for transversal (CT), The lower volue of the transversal wave were strongly
muffled, The relation between CL and porosity (n) is shown on Fig,10., As is
clear, waves velocity desreases with the increase of a porosity volue. It may

be noted that the highest volues of wave velocity are related to the convoluted

sandstones.

Volume density ([d) - (CL) relation as is presented on the Fig.11 is not
linear in all directions of the measurements (x, y, z). Due to the computer
plotting this relation could be defined as a parabola were CL = AA" dn where
exg. for the flysches sandstones at the ''z' direction, the vqule A =13,

volue n =6,

The anisotropy is the most visible in the case of thin sandstones - Can
rangin from 0,37 - 0,63. It means that the velocity of the wave propagation
could be two or more times higher in direction parallel to the bedding than in
perpendicular to it. In a case of thick bedded sandstones, in results of their
random textures the Can is close to the vqlue 1,
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The value of coeficient anisotropy of the corrugated sandstones is varieus
- Can rangin from 0,35 - 1,99. So it is evidently resulted by the changeable
orientation of the convolute form due to the waves routes (Fig.12). The

relation Can to the angle of the inclination of the sedimental layers, is

shown at Fig, 13,

For practical using is very important to know the relation between

compression strength (Rc) and the wave velocity (CL), Such connection,
n

L’
General calculation shows that for the flysches sandstones volues a=0,45

executed by experimental way, is usualy parabola type as RC =a, C

and n =2,9 when the waves velocity is given in km/s (Fig.14). The
monitoring the waves velocity under loading is very suitable for observation

of the samples destruction,

One may say that the waves are noticing by the wave muffling the broken
material at early stage destruction (Fig.15). Therefore, this critical stress
value at the visible destruction moment which we are used call as a

compression strength, is connected with the disturbed material,

From the other side, at the first stage of the loading it is noticed the
hardening process of the material observed as an erising of the waves
velocity. All such observations make clear that for particular sandstones is
possible to evaluate the critical velocity value below which material is
fractured. It is very interesting also to research the dependences between
static and dynamic parrameters - especialy for elasticity modulus. As is
know dynamic elasticity modulus volue (E d) is usually ten times higher
than static elasticity modulus (Es t)° It is specialy observed for the weak
rock becouse they are surly fractured or with easy deformable skeleton. It
could be clear up also that, in the static testing at the first loading step take
place the closing of the fractures and overpacking of the rocks skeleton. It

results the characteristic dege nerated two - steps course of the stress -
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strain curve (Fig. 16), and two values of the static elasticity modulus

(E and ES t2)' The static modulus obtained at the second phase of the

stl
loading (ES ¢ 2) is similar to the value obtained by the dynamic method:

Practically, many times the measurements of the transversal waves

velocity are creating some problems. At one cases the trans versal waves

are strongly muffled, at the other their values are very high.

At the first case is very popular to use the simplified formula where

which gives only the approximation to the real modulus value. At the second
case, pecular researches are shown that the difficulties at the obtaining
the proper values of the transversal waves may combine with the anisotropy

of the material.

As is shown at Fig.17. at the special form of anisotropy, the velocity of
analysed, first the quickest transversal wave (CT one) has to high value,

becouse its to short way of propagation, not perpendicular to the way of

measurement the longitudinal wave, If CT s is to high so
0,5 ot T one )2
CL
O
T one 2
A e
L

and is impossible to ennumarate the Poisson coefficient (Fig. 18).
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It such cases it should be considered whether not to applay the velocity

Ll CT two < CT one

medium at realy perpendicular direction but. It is strongly muffled by

which is propagated in horizontal laminated

the mica laminas, as is shown in an example Fig.17, 19,

The difference between E d value estimated with use constant value of the
Poisson coefficient ( Q ) and the \] value being the results of the testing and

using C are not very high. The greatest divergences at C_ and E

T two L d
values have been noticed where the laminas were inclinated from horizontal

position to 50-60° (Fig.20 and 21).

All presented studies have been shown that the ultrasonic method of the

researches mechanical peoperties of the rocks gives many interesting

results.

The interpretation of this results requres carreful analysis which would take

into account structural and textural features of the rocks.

Following the conducted tests on the flysches sandstones, it could became
clear, the nature of errors and discrepances which take place during
determination of parameters of the rocks, If inter-correlation between the
survay measurements directions and anisotropy, is not well defined is possible
to obtain the data not applicatable from geological point of view. Therefore the
acoustic, ultrasound non-destructive methods are very satisfactory and very
precise were are analysed with the consideration the specific nature of

sedimentary rocks,
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Fig.2. Repeated sequences on the flysches sediments
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Fig.2/a. Disturbed road near dumps forehead
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Fig.3. Macroscopic picture of finely layered
textures

Fig.4. Microscopic picture of finely layered
textures
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Kivonat a "KOZETTULAJDONSAGOK KUTATASA LABORAT({RIUMI
AKUSZTIKUS MO/DSZEREKKEL" c. elBadisbdbl

Joanna Pininska

A kOzet mechanikai tulajdonsigai sztatikus és dinamikus médszerekkel egy-

arant vizsgédlhaték, de a roncsoldsmentes dinamikus vizsgilatoknak - mint

példdul az akusztikus médszereknek - sok az elonyiik.,

Az akusztikus sajatsdgok fontos tulajdonsdga, hogy a j61 mérhets terjedési
sebesség hii anyagjellemz6: ha a longitudindlis és transzverzélis hulldmok

sebességét (c., c tr) egyardnt megmérijiik, akkor szdmithaté a rugalmassagi

1’
modulus és a Poisson tényezd is, feltételezve, hogy a k6zet homogén, rugal-

mas, izotrép és végtelen,

A hullimterjedés azonban az e feltételeknek meg nem felel6 kézetekben is
jellemzd, de fiigg a kOzet sajitsdgaitol (pl. dsvinyos Osszetétel, szovet,
tagoltsdg, homérséklet és fesziiltségi 4llapot). A terjedés sebesebb a finom-
szemii, mint a durvédbb szemii k8zetekben, és jelent8sen befolydsoljdk érté-
két a rétegzodési, paldssigi vagy tagoltségi feliiletek, Igy a sebesség irdny-

fiiggd is lehet és igy az anizotrépiai tényezot is meg lehet hatdrozni,

A dolgozat egy kirpiti flis homokks-teriileten végzett vizsgilatok eredményét
mutatja be. A homokkdvet el6szor dltaldnosan ismerteti, majd kozli az
anizotrépiai és Osszefiiggés-vizsgilatok modszereit, hirom egymiasra mero-
leges irdnyban végzett sebességmérés alapjan. A 10. dbrdn a porozitas

- longitudindlis sebesség Osszefiiggéseit figyelhetjiik meg, a testsliriiség -
longitudindlis sebesség Osszefliggései a hirom térirdnyban kiilonbdzok. A

nyomészildrdsdg és az ultrahang-sebesség parabolikus Osszefliggéseinek be-
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mutatdsa utdn (14. dbra) a terhelés nagysigéinak hatdsit vizsgilja a sebes-
ségekre (15. 4bra).

A dolgozat foglalkozik még a transzverzéilis hulldmok mérési problémadival,

ismertetve a mésodik beérkezéshez tartozé sebesség-értékek alkalmazisit

is.
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