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Correlations between index parameters and mechanical properties of shales

Corrélation entre les propriétés d'indice et les caractéristiques mécaniques des schistes argileux

Zusammenhang zwischen Index-Eigenschaften und mechanischen Charakteristika
von Schiefergestein

G.R.LASHKARIPOUR & E.K.S.PASSARIS, Department of Civil Engineering, University of Newcastle upon Tyne, UK

ABSTRACT: The aim of this study is to develop models for predicting mechanical properties of shales using available index parameters.
Regression analyses have been carried out between index parameters and mechanical properties, both for statistical prediction purposes
and for curve fitting of the available experimental data. Such correlations may be of use to geotechnical and mining engineers, in pro}!ldmg
preliminary estimates of shale mechanical properties and perhaps reduce testing requirements especially, when samples of adequate size for
testing are generally not available.

RESUME: Le but de cette étude est de développer des modeles pour prévoir les propriétés méchaniques des schistes en utilisant les
“parametres index” disponibles. Des analyses de régression ont été effectuées comparant “paramétres indexj’ et propriétés méchaniques, &
la fois dans le dessein de prévisions statistiques et pour I'adaptation aux courbes des données disponibles. De telles corrélations peuvent
étre utiles pour des ingénieurs des mines ou de géotechnique, en procurrant des estimations préalables des propriétés méchaniques des
schistes et peut-étre la réduction des tests requis, spécialement dans les cas ol des échantillons de tailles adéquates pour les tests ne sont
pas généralement disponibles.

ZUSAMMENFASSUNG: Das Ziel dieser Studie ist es, Modelle zu entwickeln, die die mechanischen Eigenschaften von Schiefer anhand
von verfiigbaren Indexparameten voraussagen. Um statistische Voraussagen treffen zn konnen und experimentel erworbene Daten
anzupassen, sind Regressionsanalysen zwischen Indexparametern und mechanischen Eigenschaften durchgefiihrt worden. Eine solche
Korrelation kinnte fiir Geotechniker und Bergbauingeniere von Nutzem sein, indem sie im voraus schitzwerte fiir die mechanischen
Eigenschaften von Schiefer ermiglicht. Es konnten dadurch die Testanforderungen fiir die fille verringert werden, in denen keine Proben
der geforderten TestgroBe vorhanden sind.

1 INTRODUCTION the data in an casily used database format (Lashkaripour and
Passaris, 1994). The database is a collection of data of hundreds of

Shales account for nearly 70% of the total sedimentary cover of items of geological information, physical and mechanical

the crust exposed at the surface of the earth (Press and Siever, properties of different types of shales that range from hard

1974). Furthermore they are common in engineering projects, as siltstone to soft clayshale. The reference data points at the time

construction materials for shale fills and embankments, and in their of writing were exceeding 450 entries, and in view of the further

natural and undisturbed state in foundations, cut slopes, and developments it is expected that the database will comprise 500

tunnels. Despite the fact that knowledge of the mechanical entries.

properties of shale is important, little research has been conducted

on shales in comparison with other sedimentary materials such as

carbonate rocks and sandstones. 3 CORRELATION BETWEEN INDEX PROPERTIES AND

One of the main reasons for this lack of research is perhaps the MECHANICAL PROPERTIES
difficulty in working with shale, since it is difficult to sample and

store it. Furthermore, the measurement of mineralogical and Statistical analyses were applied to evaluate the available data and
mechanical properties is complicated by the extremely fine grain to obtain the best correlation between index parameters and
size and the large clay content as well as the fact that it mechanical properties. High correlations exist between water
disintegrates in water. content, porosity, point load index, tensile strength and modulus of

The research presented in this paper was undertaken to generate elasticity with uniaxial compressive strength, whereas correlations
statistical relationships between index properties that are relatively between density, elastic wave velocities (Vp and Vs) and
casy to measure and mechanical properties that are difficult to Poisson's ratio with compressive strength are poor.

determine. These correlations may aid engineers to make
preliminary estimates of the mechanical properties of shales.
3.1 Water content and uniaxial compressive strength

2 COLLECTION AND STORAGE OF DATA It is well established that the water content of shale rocks can

significantly affect their mechanical properties, since the uniaxial
Data have been extracted from available published information compressive strength decreases as the water content increases
such as: journals, conference proceedings, technical reports, (Van Eeckhout, 1976; Steiger and Leung, 1990; Dwarakanath,
books, as well as from our own experimental results. If errors or 1992 and Hsu and Nelson, 1993). Fig. 1(a) and 1(b) show
unexplained discrepancies were detected in the results of correlations of exponential nature between uniaxial compressive
laboratory and field tests, these data were excluded specifically if strength and water content. Data in Fig. 1(a) are from Linton Lane
they were significantly out of the range of all other published opencast coal mine, north east of Newcastle; while Fig. 1(b)

values. A database (SHALEDATA) has been developed to store shows data from Rye Hill opencast coal mine, south of Newcastle,
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both from Coal Measures formations of Carboriferous age.
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Fig. | Relaionship between water content and compressive
srength, (3) Linton Lane coal mine, () Rye Hill coa mine.

Equations for the plotsin Fig. 1 ae as follows:

e=529% stz
0 = 8565 03582

where a = uniaxial compressive strength in MPa and
content in %

3.2 Porosity and uniavial compressive strengih

‘There is a non-lincar relationship, of hyperbolic nature, between
strength and porosiy for both tensile and_compressive strengths.
Fig 2 shows a sharp decrease in the uniaxial compressive strcmgth
with an inerease in porosity. Price (1960) studied the effect of
porosity on the strength of coal measure rocks and found that
‘compressive strength decreases linearly with increase in porosity.
Our own results, together with information from Vernik (1993)
and Hoshino (1993) indicate a non-lincar relaionship betwoen
uniaxial compressive strength and porosity for shale. In addition,
the relaionship betseen porosty and depth has been investigated
by several researchers (Rieke and Chilingarian, 1974, and
references thercin). Tt is apparent that porosity may be considered
a5 a good indicator of strength and burial depth of shale samples,
and is worthy of more detailed study in combiration with other
factors

The following formula was derived between  uniaxial
compressive strength and porosiy
0c 206,54 w0945 0

Fig. 2 Relationship between uniaxial compressive strength s
porosity.

3.3 Pointload index and wniaxial compressive strengih

Determinaton of the compresive stcengeh of shles by follown
standard uniaxial compression testing is costly, time consumin
and s not always possible since these rocks are weak an
disintegrate when immerse in water. For these reasons point loa
strength is an ideal test for shales due 10 the problems of sampl
preparation. Data of uniaxial compressive strength versus poin
load strength are plotted in Fig. 3. Examination of Fig. 3 show
that the proposed relarionhip difers slghly from the mode
found by Broch and Franklin (1972), Bieniawski (1975), Broo
(1985) and Cargill and Shakoor (1990). This difference coukd b
atrbuted to the fuct that published data corresponed o test
carried out on elatively iofropic rocks of high strength
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Fig. 3 Relationship between compressive strength and point load
index.

The following cquation allows the estimation of uniaxial
compressive sirength as a unction ofthe point load index:

06 =20238 Igsg)

where 1(50) = point load index on 50 mim diameter core,
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3.4 Tensile srength and uniaial compressive strengih

A linear relaionship has been found 1o exst between uniaxial
compressive strength and tensile sirength by many researchers.
Fig. 4 shows the correlation between thse two parameters for the
available data and it seems that the rato of uniaxil compressive
strengih to tensile strenathin shales i slighty grater than that of
other toc.

Tensile strengh (MPa)

O e v ]

Fig 4 Relaionship between teasile strength and uniaxial
compressive srength,

‘The relationship between uniavisl compressive strength and
tensilestrength was shown to be-

FERSIRETN G4

where o = tensile steength in MPa,

Cleary, this relationship docs ot apply to weak shales (..

Oc<l0 MPe), where the equation g = 10 oy is btter.

3.5 Modulus of elasticity and wnicxial compressive strength

The comelation of the uniaxial compressive srength and. the
modulus of elasticiy is characterized by 2 non-lincar relationship
(Fig.5). The following formula relates the uniaxial compressive
strength 10 modulus of castciy:

E=01190, 1117 @s)

where E = modulus of elasicty in GP.

In equation (3.5) the independent varisble i s reated as a known
quantity,since it is used for the predictng of E.

As shown in the Fig. 5, our own experimental data are located
below the regrssion fine, since all uniaxial compressive strength
tests were conducted in the direction perpendicular to bedding
plane swhich isalso the direction of low modulus of elastciy. This
observation emphasizes the greater sensiivty of deformation to
anisotropy rather than strengih

‘The relationship between compressive strength and modulus of
elasticity has been reported by many rescarchers. Won (1985) and
Imazu (1986) found  a linear corelation berween uniaxial
compressive suength and modulus of elsticiy for different rock
types Gincluding shales). It seems that the relationship between
these two properties for shles and other rocks is similar
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Fig 5 Correlation between modulus of elasticity and unissisl
compressive strength

3.6 Density and uniaial compressive strengih

The rclsionship between uniaxial compressive strength  and
density is poor. Inoue and Ohami (1981) reported a generally
poorcorrelation between uniaxial compressive sirength and
density for weak rocks (including shale), end our own
experimentl resuls confirm their conclusion (Fig ).

Eliot (1952) stated that density is a good indicator of strength
for shales of similr clay mineralogy. However, the results of this
work indicate tht in shales of simiar clay mineralogy, density is
not & good _indicator of strength. This is duc to the density
simiariies ofdifeen gardly clay minerals 0 the denst of quarz
(quartz = 2,648 Mg/, llte = 2.660 Mg/m3, montmorilloite
2608 Mg/m®, Carmichael (1989)). However, the ratio of quartz
0 clay appears 1o be a factor elated to the strength of shales: the
bighes the raio,the stronger the shal.
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Fig 6 Relationship between compressive strength and density

3.7 Poisson's atio and uniaxial compressive strength

Analysis of the avaiable data indicated that there is essentially o
reltionship between uniaxial compressive sirength and Poisson's
ratio. This conclusion is lso supported by Imazu (1986) who
reported that there s no relationship between uniaxial compressive:
strength and Poisson's ratio for different rocks types (including
shales).
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Fig 7 Plot of el compressive strength versus Poissor's ratio

2.8 Blastic wave velcities (Vp and V5] and compressive strength

Relationships between compressive strength and elastic wave
veloitics (Vp and Vs) are poor (Fig. §) Tnoue and Ohami
(1981) found a very poor comelsion between compressive
strength and. clastic wave velocites for weak rocks (including
stale), and our own results confiem their_conclusion. But a
correlation betseen elasic wave velociy and density was reported.
by several rescarchers (Gavigho, 1989, Bemnentt et al., 1991)

Compresive strength (MPa)
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Fig. 8 Plot of uriaxial compressive strength versus P-vave
velocity

4 CONCLUSIONS

“The determination of the mecharical propertes of shales by using
index: properties, as wellasthe evaluation of exsting interrelaions.
between these properies, are of & greal interest o many
rescarchers, This paper has presented regression equations for the
estimafion of mechanical properties from index parameters.

‘The compressive strength of shales s fighly dependent on water
content, It is suggested that the water content of shales is 2 useful
index for determination of compressive strength and other
‘mechanical properties

Porosity may be considered as & good indicator of strength of
shale samples and is worthy of more detailed study in combination
with other fctors.
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The Point load test seems very suitable for predicting the
compressive strength of shale, and it appears to be the best method
for estimating the compressive strength when sample preparation
for standard uniaxial compression testng is problematic

Modulus of elasiciy and uniaxial compressive strength show &
non-linear relationship. This model may be used to predict
modulus of elasticity given information about  compressive
strength

The relationships between compressive strength and density or
elasic wave velocites (Vp and V) are not_ reliable predictors for
the mechanical behaviour of shale

The experimental results indicate that there is o significant
variation between the predicted velucs of the tatstcal models and
the experimentl results. Therefore, these estimators of mechanical
propertics are considered ss useful tools for engincers when
samples of adequate size for testing are generally not available.
Furthermore, selective use of the proposed relationships may even
reduce part of the testing requirements of specific projects
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