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The estim ation of the m echanical p ro p e rtie s  of the rocks in labo ra to ry  could 

be done in two ways:

th1 -  the s ta tic  method -  this involves record ing  changes of d iam eters  of

the rocks sam ple caused by s tra in  applied.

2en( -̂ the dynamic method -  th is involves the m easuring  the e las tic  reaction  

of the m ate ria l for dynamic loading fac to rs .

The estim ation of the m echanical rocks p ro p e rtie s  executed in laborato ry  

conditions by using the s ta tic  method is  tim e-consum ing and troublesom e -  

-  since a la rg e  monolithic sam ple and subsequent its  cutting and polishing 

is  regui.red, It is  also  very  often im possible to take a la rg e  sam ples in 

hardly  accesib le  p laces o r  bore  wholes. A long procedure of p reparation  of 

the sam ples in troduces additional e r ro r s  to the re su lts , o r  change the 

p ro p e rtie s  of the m a te ria l. Also the sam ple can be used only one tim e for a 

testing  and than is  d istu rbed . So a t la s t tim e is  m ore sa tisfac to ry  to use, as 

much as possib le a non-destructive methods for re sea rc h es  the p ro p e rtie s  of 

the solid m a te ria ls . Among of them the g rea t ro le  play the geophysics method 

and in labora to ry  conditions the acoustic  testing .
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This la s t method involves the m onitoring of the acoustic waves velocity in 

rocks, under known conditions, It is  based on the assum ption that the 

e las tic  medium reaction  is  ch arac te rised  by specific velocity of the acoustic 

wave propagation -  so th is velocity depens on the p ro p e rtie s  of the m a te ria l.

Main ru les  of the acoustic method s .c .  "going through", lay on m easurem ents 

of the tim e n ecessa ry  for overpassing  ac ro ss  the sam ple the sound im pulse, 

generated  from  one side and analysed from  the o th er. Such testing  is  well 

provide if the dim ension of the sam ple -  the way of the wave crossing  -  is  

longer than the length of the generated  wave. So in labora to ry , w here the 

m in iatu risation  of the sam ple is  very  im portan t, the re sea rc h es  a re  caried  

with the use of the high-frequency waves: u ltrasounds -  which m ake possib le 

a fa r going reduction of sam ple size , o r d irec tly  testing  the bore co res .

The acoustic-u ltrasound  method m akes also possib le unlim ited repeating of 

the m easurem ents and therefo re  signicant and rap id  in c rease  in th e ir  

accuracy  and fu rth er use of non disturbed  rock m ate ria l to the another 

exam inations, So i t  not suprising  that the p ro g ress  in m easurem ents of 

geotechnical p ro p e rtie s  of rocks could be expected with the developm ent of 

th is  non-destructive m ethod,

D ynam ic-acoustic method make possib le to d irec tly  m easu re  such e lastic

p ro p ertie s  of the m a te ria l as an e las tic ity  modulus (E^) -  and Poisson

coefficient ( ^  ) from  dependences:

C? f/ J  , /1+  /  /1 -2  /  /
D =

' r -

0 , 5 -  /

1 -  /

1630

118



w here C -  longitudinal wave velocity, C -  tra n sv e rsa l waves velocity,JL I
and la te r  to d e te rm in ed  the o th e r m a te r ia l  C onstances. The above is  valid  

under assum ption that the rocks medium is  homogenous, infinite, e las tic  

and iso tro p ic ,

In geotechnical studies is  as well n ecessa ry  to know the com pression and 

tension strenght, po rosity  and volume density  of a rock m a te ria l. The la tte r  

should be calculated on the em pirica l way from  the co rre la tion  between other 

p a ram ete rs  -  especialy often to the longitudinal waves velocity.

But at the case of unhomogenous, m uliticom ponent rocks m ate ria l the 

velocity of the waves propagation depens a lso  on its  p ro p e rtie s  like: m ineral 

composition s tru c tu re , tex tu re , frac tu ring , tem pera tu re  and sta te  of 

s t r e s s .

Waves propagation is  quicker in fine grained than in co ars  grained m ate ria l 

and all the planes of foliation, bedding and discontinuity, muffle the waves 

velocity; and also the differences in values of velocity m easured  in d ifferent 

d irections may be expected. But it  m eans that if  the s tru c tu re  and tex ture  

a re  typed very  carrefu lly  and is  konwn, the various data of rocks p ro p ertie s  

can be find by the experim ental way.

A fter estim ate  m ate ria l constants: 

anisotropy Can as:

, can be fine the coefficient of

C + C 

2
Cz

C
., . xo r if  i t  is  n ecessa ry  as — —  or

z

in every other program m ed d irec tions. During the labo ra to ry  acoustic 

testing  of the rocks is  very  popular looking for the following main re lation:
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porosity  (p) -  longitudinal wave velocity (C )
L

com presion strength  (R ) -  longitudinal wave velocity (C )c L

the fractures orientation (q( )  -  longitudinal wave velocity (C )

F o r the such studies the sam ples have to be choosed very  carrefu lly , due 

to the in te resin g  p rogram m e. As an example of the such re sea rc h  may be 

p resen ted  the p rac tica l exam ination have on Oligocene flysch sandstones 

form ing a s e r ie s  very  popular in N orthern Coupatiens (Fig. 1). The flysch 

s e r ie s  of sedim ents a re  orig inated  in geosynclinal a rea  and a re  an example 

of episodic sedim entation. They display repeated  sequence from  conglom erates 

through sandstones and silts tones to clays (Fig. 2),

Testing sandstones generally  rep re sen t upper links of the flysch sequence and 

m acroscopically  they a re  m ainly ch arac te rized  by finaly -  layered , random 

and convoluted tex tu res .

Finely -  layered  tex ture  is  ch arac te rized  by p a ra re ll arrom gm ent of 

components and a trend  of d e s in tegration into thin p la tes (Fig. 3 , 4 . )

Random tex tu re  is  ch arac te rised  by d iso rd erly  arrangm ent of components, 

without any priv ileged  d irection  of g ra ins orientation (Fig. 5, 6).

Convoluted tex tu re  is  unhomogenous, p a ra lle l in some places and with 

noum erous sm all foults e lsew here. It is  found in corrugated  sandstones 

m acroscopically  v isib le  num erous form s of cu rren t bedding, complex 

d istu rbances and sev era l density accented by accum ulation of dark  m in era ls , 

sofor som etim es deposit is  built of severa l form s le n s- lik e r  (Fig. 7, 8). From  

petrography point view all types of sandstones a re  m ostly  ligh t-g rey  sand­

stones consist of 42% - quartz , 15% -  m ica, 10% m uskovit, 5% -  biotyt,

7% fe ldspar, 5% -  p lag ioclases and the ro ck ’ s m atrix  (carbonaceus 25%).
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The acoustic testings could be provided at the any shape of the sample: 

cylindrical o r cubic form , but to know all sedim ental form  and d isturbances 

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

The m easurem ents have to be made in th ree  d irec tions, perpendicu lar one 

to the another (x,y, z) where the "z" axis is  for exam ple perpendicu lar to the 

bedding and x ,y  - p a ra lle l to it .

At the p resen ted  case, before acoustic  testings w ere executed to the

m easurem ents of volume density, unit density, effective porosity  of the rocks

m a te ria l. A fter sim ply acoustic  testing  in natu ral conditions the sam ples w ere

placed under increasing  load for testing  the com pressions strength  and a t this

tim e w ere exam inated sim ultaneus the lin ea r deform ations of the sam ples in

all sides and the changes of the waves velocity propagation due to s tre s s

increasing , The ultrasound waves velocity of the flyshys sandstones ( ta b .l)

equals 1275 -  6250 m /s  for longitudinal waves (C ) and 1680 -  3390 m /s
L

fo r tra n sv e rsa l (C^,), The low er volue of the tra n sv e rsa l wave w ere strongly 

muffled, The re la tion  between C and porosity  (n) is  shown on F ig , 10, As is  

c lea r , waves velocity d e srea se s  with the in c rease  of a porosity  volue, It may 

be noted that the h ighest volues of wave velocity a re  re la ted  to the convoluted 

sandstones,

Volume density ( f  -  (C ) re la tion  as is  p resen ted  on the F ig. 11 is  not 

lin ea r in all d irections of the m easurem ents (x, y, z). Due to the com puter 

plotting this re la tion  could be defined as a parabola w ere = A ^ n w here 

exg. for the flysches sandstones at the "z" d irection , the vqule A = 13, 

volue n = 6.

The anisotropy is  the m ost v isib le  in the case of thin sandstones -  C ^

rangin from  0, 37 -  0, 63, It m eans that the velocity of the wave propagation

could be two o r m ore tim es higher in d irection  p a ra lle l to the bedding than in

perpendicu lar to it . In a case of thick bedded sandstones, in re su lts  of th e ir

random  tex tu res the C is  close to the vqlue 1.an
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The value of coeficient anisotropy of the corrugated  sandstones is  varieus

-  C rangin from  0, 35 -  1, 99, So i t  is  evidently resu lted  by the changeable an
orientation of the convolute form  due to the waves rou tes (Fig, 12). The 

re la tion  C&n to the angle of the inclination of the sedim ental la y e rs , is  

shown at F ig , 13,

F o r p rac tica l using is  very  im portan t to know the re la tion  between

co m p re ss io n  s tren g th  (R ) and the wave ve loc ity  (C ), Such connection,C J_i
executed by experim ental way, is  usualy parabola type as = a . C .

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

and n = 2, 9 when the waves velocity is  given in k m /s  (Fig, 14). The 

m onitoring the waves velocity under loading is  very  suitable for observation 

of the sam ples destruction .

One may say that the waves a re  noticing by the wave muffling the broken 

m ate ria l at ea rly  stage destruction  (Fig, 15). T herefo re , th is c ritic a l s tre s s  

value at the visib le  destruction  moment which we a re  used call as a 

com pression streng th , is  connected with the d isturbed  m a te ria l.

F rom  the o ther side, a t the f ir s t  stage of the loading i t  is  noticed the 

hardening p ro cess  of the m ate ria l observed as an e ris in g  of the waves 

velocity . All such observations make c lea r  that for p a rtic u la r  sandstones is 

possib le  to evaluate the c ritic a l velocity value below which m a te ria l is 

frac tu red , It is  very  in te resting  also to re sea rc h  the dependences between 

s ta tic  and dynamic p a rra m e te rs  -  especialy  for e las tic ity  m odulus. As is  

know dynamic e las tic ity  modulus volue (E^) is  usually ten tim es higher 

than s ta tic  e las tic ity  modulus (E ), It is  specialy  observed for the weakS L
rock becouse they a re  su rly  frac tu red  o r with easy  deform able skeleton, It 

could be c lea r  up also  that, in the s ta tic  testing  at the f ir s t  loading step take 

place the closing of the frac tu re s  and overpacking of the rocks skeleton. It 

re su lts  the c h a rac te ris tic  dege nera ted  two - steps course  of the s tre s s  -
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s tra in  curve (Fig. 16), and two values of the s ta tic  e las tic ity  modulus 

(E and E ), The s ta tic  modulus obtained a t the second phase of the
S l l  S I Z

loading (E ) is  s im ila r  to the value obtained by the dynamic method:
S i  L i

P rac tica lly , many tim es the m easurem ents of the tra n sv e rsa l waves 

velocity a re  creating  som e prob lem s. At one cases the tran s  v e rsa l waves 

a re  strongly muffled, a t the o ther th e ir values a re  very  high.

At the f ir s t  case is  very  popular to use the sim plified form ula w here

which gives only the approxim ation to the re a l modulus value. At the second 

case, pecu lar re sea rc h es  a re  shown that the d ifficulties a t the obtaining 

the p roper values of the tra n sv e rsa l waves may combine with the anisotropy 

of the m a te ria l.

As is  shown at F ig. 17. a t the special form  of anisotropy, the velocity of

analysed, f i r s t  the quickest tra n sv e rsa l wave (C^, ong) has to high value,

becouse its  to sho rt way of propagation, not perpendicular to the way of

m easurem ent the longitudinal wave. If C! is  to high so° T one

and is  im possible to ennum arate the Poisson coefficient (Fig. 18).

1630

123



It such cases i t  should be considered w hether not to applay the velocity 

value C <" C which is  propagated in horizontal lam inated
J. tWO '  J. OÍ1G

medium at rea ly  perpendicular direction but, It is  strongly  muffled by 

the m ica lam inas, as is  shown in an example Fig, 17, 19,

The d iffe ren ce  betw een E , value e s tim a ted  with u se  constan t value of thed
Poisson coefficient ( ) and the ^ value being the re su lts  of the testing  and

using C^, a re  not very  high, The g re a te s t divergences a t and

v alues  have been no ticed  w here the lam in as  w ere  inc lin a ted  fro m  h o rizo n ta l

position to 50-60° (Fig, 20 and 21),

A ll p re se n te d  stud ies  have been shown th a t the u ltra so n ic  m ethod of the 

re s e a rc h e s  m echan ica l p e o p e rtie s  of the  ro ck s  g ives m any in te re s tin g  

r e s u l ts ,

The in te rp re ta tion  of th is re su lts  req u res  carrefu l analysis which would take 

into account s tru c tu ra l and tex tural fea tu res of the ro ck s ,

Following the conducted te s ts  on the flysches sandstones, i t  could becam e 

c lea r , the nature  of e r ro r s  and d iscrepances which take place during 

determ ination of p a ram e te rs  of the ro ck s , If in te r-c o rre la tio n  between the 

survay  m easurem ents d irections and anisotropy, is  not well defined is  possib le  

to obtain the data not applicatable from  geological point of view, T herefore  the 

acoustic, u ltrasound non-destructive methods a re  very  sa tisfac to ry  and very  

p rec ise  w ere a re  analysed with the consideration the specific nature  of 

sed im entary  rocks,
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M  CREAfECOUS 

I I PALEOGENE

-------------  MARGIN OF SKOLE UNIT

..............  MARGIN OF SUJSHESIAN UNIT ’

................  MARGIN OF SILESIAN UNIT

- r r m  M ARGIN OF BUKLA U NIT 

■m » .  MARGIN O F MAGÚRA U N IT

©  SAMPLED POINTS"

Z b  Z50R0WICE 
T -  TURZA 
D -  DESNA 
P -  PpDLAS 
Tr -  TREPEZA 
Z —  ZAGdRZ 
W -  WIELOPOLE 
Cz -  CZARNA

Fig. 1. Location map of studied area



F ig .2. Repeated sequences on the flysehes sed im en ts

F ig .2 /a . Disturbed road near dumps forehead
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F ig . 3. M acroscopic p ic tu re  of finely layered  
tex tu res

F ig .4 . M icroscopic picture of finely layered  
textures
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F ig . 5. Macroscopic* p ic tu re  of random  tex turo

F ig .6. M icroscopic picture of random textures
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Fig.H . M icroscopic p ic tu re  of eonvaluted tex tu re
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FIG. 12. dependance of sandstones properties 
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FIG. 13. Dependance of coefficient anisotropy Can 
on angle of inclination of sedim entary 
surfaces ( &C) in corrugated sandstones
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FIG. 14. Dependance of strength to compression (R ) 
on velocity of propagation of longitudinal 
wave (C ).
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FIG. 15. Dependance of velocity of propagation 
of longitudinal wave (CL) on loading (p)
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FIG. 16. Examples of relation stress (é ) -  
strains ( £ )

(Static testing)
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FIG. 17. Dependance of waves velocity pf the forme 
of anisotropy )
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FIG. 18. Dependance of poisson coefficient ( i  ) to the 
two and waves velocity and angle of

inclination .
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FIG. 19. The m ica p la tes

-  Scorning m icroscop  p ic tu re . 
1:3 000
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FIG. 20. Depandance of C velocity due to the1J
angle of inclination ( o( )
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PIG. 21. Relation between angle of inclination ( ck) 
and dynamic modulus value (E^)

a)  ̂ -  value given Constance = 0, 25

b) ^ -  value given from real measurements
for every angle
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K ivonat a "KŐZETTULAJDONSÁGOK KUTATÁSA LABORATÓRIUMI

AKUSZTIKUS MÓDSZEREKKEL" c. előadásból

Joanna P in inska

A  kőzet m echanikai tulajdonságai szta tikus és dinamikus m ódszerekkel egy­

arán t vizsgálhatók, de a roncso lásm entes dinamikus vizsgálatoknak -  mint 

például az akusztikus m ódszereknek - sok az előnyük,

Az akusztikus sajátságok fontos tulajdonsága, hogy a jól m érhető  te rjed és i 

sebesség  hü anyagjellem ző: ha a longitudinális és tra n szv e rz á lis  hullámok 

sebességét (c^, ) egyaránt m egm érjük, akkor szám ítható a rugalm assági

modulus és a Poisson tényező is , fe lté te lezve, hogy a kőzet homogén, rugal­

m as, izotróp és végtelen,

A hullám terjedés azonban az e feltételeknek meg nem felelő kőzetekben is  

je llem ző, de függ a kőzet sajá tságaitó l (pl, ásványos ö ssze té te l, szövet, 

tagoltság, hőm érsék let és feszültségi állapot), A te rjed és  sebesebb a finom- 

szem ű, m int a durvább szem ű kőzetekben, és jelentősen befolyásolják é r té ­

két a ré tegződési, pa lásság i vagy tagoltsági felületek, így a sebesség  irán y - 

függő is  lehet és igy az anizotrópiái tényezőt is  meg lehet h a tá ro zn i,

A dolgozat egy kárpáti flis hom okkő-területen végzett vizsgálatok eredm ényét 

m utatja be, A homokkövet e lőször általánosan ism e rte ti, m ajd közli az 

anizotrópiái és összefüggés-vizsgálatok m ódszere it, három  egym ásra  m erő­

leges irányban végzett seb ességm érés alapján, A 10, ábrán a porozitás 

- longitudinális sebesség  összefüggéseit figyelhetjük meg, a te s tsü rü ség  - 

longitudinális sebesség  összefüggései a három  térirányban  különbözők, A 

nyom ószilárdság és az u ltrahang -sebesség  parabolikus összefüggéseinek b e ­
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m utatása után (14. ábra) a te rh e lés  nagyságának h a tásá t v izsgálja  a seb es­

ségekre (15. ábra).

A dolgozat foglalkozik m ég a tra n szv e rz á lis  hullámok m érési problém áival, 

ism erte tv e  a m ásodik beérkezéshez tartozó  seb esség -é rték ek  alkalm azását 

is .
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