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ABSTRACT. Utilization of deformation characteristics of rocks has great importance
in any gcorechnical purposes. These techniques involving t.he propagation of acous-
tic 01' seismic waves are becoming of increasing importance since there are relatively
inexpensive and quick in perforrnance and suitable to apply in situ coiidit.ion. How-
ever , in spit e of this, such det.ermined elastic moduli are not very conuuon in rock
engineering projects, For this reason t.here is an effort to fincl some correlation be-
tween static and dynamic const ants of rocks to find their application in geotcchnical
praxes. In this paper we compared Young's moduli det.errnined in situ with corre-
spouding proper ti es determined on samples subjected to tcsting in the laboratory of
Technical University in Košicc. In sit.u measurernents were carried out by seismic
sigual enhancement instrument Bison in SOUle Slovakian quarries. Data collection
and aualysis are discussed in detail and the results appearecl to be p rom isirig .

1. lNTRODUCTION

The development of mining iudustry is the foundation on which progress of many
major branches of the economy depencls. The acloption of new methoc!s of surface
mining and processing, however, is hampered by OUl' knowledge of the physical
ancl rnechanical properties of rocks. Knowleclge of these charaderistics of ro ck is
the necessary assurnp tion for solving stabilit.y problerns of any structure built in
01' f1'0111rock. Various techniques have been developed for det.errnining important
rock stress parameters such as dynarnic moduli of material. Because deformation
characteristic of materiál are also depenclent on the velocity of propagation of elastic
waves in rnaterial, some methods have been developed based on this relation. These
techniques involving the propagation of acoustic 01' seismic waves are becoming of
increasing importance hecause they are telatively simple, inexpensive ancl suitable
to apply in situ conditions. However, in spite ať this, dynamic moduli measurements
are not common in engineering projects. The main reason for this is that most rock
materials do not have behave in a perfectly linear elastic, homogeneous, isotropic
manner, ancl because of this there is a clifference between the static mocluli that are
required for design purposes and the dynarnic moduli. Most of the studies show
that dynamic moduli of elasticity Ed are higher than statical Es. These differences
in values of rock elastic properties obtainecl by static and dynamic methods can
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b e explained by differences in testing conclitions, especially in loadings applied on
testing materials. Because of this differences there are eflor ts to fin d some goocl
correlation between the static and dyn amic moduli of rock material. According to
the relation given by [Savich 1984].

(1)

where al, b1 are stress-depenclent pararneters, it is possible to predict static 1110cl-
ulus values frorn labora.tory-determined dynarnie values with an aeeuraey which
eoulcl be acceptable for sorne practical purposes. According to this relation [Heer-
clen 1987] subjected for testing different roek materials of range of modulus Es
from 7 -150 GPa. The rock rnaterial included a number of clifferent sandstones,
quartaites, norite and magnetite. An equation of the forrn

(2)
where a ancl bare depen dent on the stress was fittecl to tlie data points with a
very good agreernent Thus this relation rnakes it possible to estirnate the static
modulus frorn Iaboratory - deterrnined dynarnic moe!ulus with au aceuraey whieh is
accept able for all practical purposes.

A logical expansion of studies on roek stress characterist ics is to establish some
eorrelation for in sítu moduli where large volumes of roek are involvecl as the deter-
mination of the in si tu static moduli of rcck is an expensive and time-eonsuming
operation while the deterrnination of wave veloeities is quick and inexpensive.

The rnain objectives of the present study is to eompare in si tu clynarnie elastie
moduli with the corresponcling clynarnie moduli obtaíned in laboratory on small
samples. Having done this and to establish similar relation for this kind of moduli
it could be then possible to obtain static moduli aecording to the above mentionecl
relationshi ps.

2. DYNAMICALLY DETERMINED MECHANICAL ROCI< PROPERTIES

For the computation of clynarnie elastie eonstants, velocities of compressional ancl
shear waves through the rocks an cl densities of roeks are requirecl. Measurement
proeeclures for density ancl cornpressional waves are reasonably standard aud well
known. Proeedures for obtaining shear velocities are less straightforwarcl. A sirnple
eeonomic method has been developed for deter mining the in sítu compressional
and shear veloeities in roeks. ln attempt to solve the problem of t.he shear waves,
several steps were taken to provide uuambiguous identification of shear wave ani val
on the seismic waveforrn. This reliance on the distinctive features of shear-wave
propagation. Technique usecl is deseribed in the Report of investigation of the
lnstitute of Geoteehnies of SAS [Krišfáková 1990].

Dynamie elastic Young's modulus Ed can be calcula.ted frorn the well-known
relationship of isot rop ic materials, involving the veloeities aud the roek clensity

(3)
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where Vp is cornpressional aud Vs shear velocity ancl p is rock clensity [Handbook
of Engineering Geophysics 1985].

3. YOUNG'S MODULUS DETERMINED ON SAMPLES IN THE LABORATORY

Labora.tory exp eriments were ca.rried out in conditions of the Technical Univer-
sity. Measurernents were taken on different rock samples to search for manifolcl
failure influence on ultrasonic waves as well as for comparing results in different
rock surrouncling. The rock rnaterial incluclecl a number of clifferent limestone, an-
clesite, and zeolite samples. These rock samples usecl in the research programme
were receivecl in the form of angular pieces with longituclinal cliameter that was
5 times greater than the usecl wave length. The inclepenclence of reaehecl results
on geometry of rock samples was thus secured by this assumption. The rock spec-
irnen was rnounted hetween the transmitter and receiver transducer holclers ancl
ultrasonic 5' and P waves were measured by using ultr asonic impulse instrurnent
MATERIAL TESTER type 543 with an accuracy of 0.01 JiS- 0.02{ls ancl frequency
of 100kHz and 40kHz.

4. YOUNG 'S MODULUS DETEIlMINED IN SITU CONDITIONS

The in situ research was elaborated on the basis of laboratory measurements.
Experiments were carriecl out in many Slovakian quarries with di:fferent physical
and rnechanical properties to cornpare the results with different rock surrounclings.
Seismic instrument BlSON model 1580 was used for this experiment. The hammer
blow served as a source of seismic waves. The irnpact was clirectecl at the most
compact part of the rock rnass and two geophones were located in every station
to obt.ain the reliable seismic waveforrn. The rneasurecl procedure is clescribecl in
detail in the material oť [Pan dula 1995].

5. RESULTS

Details of all results obtainecl during the investiga.tion have been given elsewhere
[Pan dula 1995]. Dynarnic elastic constants of both the laboratory and in situ con-
ditions as well as the coefficient of failure were calculated. Typical values obtained
are gi ven in Tab. 1

In every case, the results show that Eín sítu is higher than Elab and the amount
of this depends on the coefficient of failure.

The plot of Eín sítu vs. Elab is given in Fig. 1 for different coeffícients of failure.

6. DISCUSSlON TO THE RESULTS

In all cases, the results show tliat dynamic moclulus determined in laboratory
Elab is higher than dynamical moduli obtained in si tu Eín sítu. The cornputation
of cleformation characteristics clepends on propagation velocity of waves. Velocity
rneasurements of waves propagating through a rock are influencecl by ro ck type,
texture , density, porosity, dimension of samples, stress level, fluid content, temper-
ature, anisotropy etc. These are the factors that largely influence the val nes of
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TABLE 1. Summary of Results

Locality p Vp Vs Eiab CoeL Vp v, Eín sítu
kg.1ll-3 111.S-1 111.S-1 Nm-2·10tO of failure 111.5-1 111.5-1 Nm-2·101O

Hohožník 2708 6342 3670 9.11 24 3766 2394 3.60(limes tone)
BiByst.ryca 2659 5927 3193 7.02 49 3717 2123 3.01(limestone)

Zirany 2702 6148 3116 6.96 67 3448 1916 2.53(limestone)
Tisovec 2663 6038 3354 7.65 38 3143 1731 2.05(limestone)
L.Lúčka 2721 5732 3184 7.05 5 1923 1324 1.00(limestone)

Margecany 2696 6066 3370 7.82 74 3319 1971 2.57(limestolle)
Gombasek 2699 5845 3247 7.27 69 2983 1449 1.53(lilllestone)

Včeláre 2690 6512 .3238 7.54 40 3883 2549 3.92(limes tone)

Čamovce 2415 5738 3188 6.27 30 3028 951 0.63(andesite)
Vechec 2630 5-58-5 3102 6.46 34 3517 2350 3.19(andesite)
Ruskov 2672 5599 3110 6.60 60 2014 1228 0.97(andesite)
Slauec 2405 5296 2942 5.32 73 1875 1150 0.76(andesite)
Vinrie 242.5 4927 3889 4.95 22 4052 2447 3.52(andesite)

N .Hrabovec 2401 2985 1667 1.70 52 2323 752 0.44
(zeolite)

dynamic moduli. For that reason the coefficient of failure was also calculated for
clifferent kinds of rocks. In Fig. 1 both of these .moduli - dynamically determined
in laboratory ancl in situ - have been plottecl for the clifferent rock types as well as
the coefficient of failure accorcling to t he above given legend of failure and quality
of rode. A large variation was found between the two rnoduli and no correlation
has been found yet.

7. CONCLUSION

The results obtainecl have their importance for solving stability problems of engi-
ueering projects built in 01' from rock as well as in the process of rock disintegr at.ion.
The resul t shows tha.t there may be some correlation between both moduli - cly-
namically deterrnined on the samples in laboratory ancl in situ moduli but more
research is neec!ed in this area. The plots of both moduli must be investigated for
different coefficients of failure respectively.

ln acldition, the obt.ained values of Young's modulus cannot be consiclerecl as a
constant value with regards to many factors that influence these values (loadings,
ternperature, moisture content, presence of cliscontinuities, etc.). Additionally, it
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FIG. 1. Ein situ vs. Elab for clifferent coefficients of failure

should be noted that the physical relationship frorn which Young's moclulus is
calculated holcls only for homogeneous, 1inear, elastic and isotropic materials. Rock
does not normally fulfil these conditions.
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