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ABSTRACT

‘The paper describes the sttistical relationship between physical and mechanical propertics of mudrock. It focuses
particularly on the correlation between index parameters that are relatively easy to measure and mechanical propertis that
are difficult o determine. Data for regression analysis were extracted from available published information. Moreover,
many tests were carried out on different types of mudrock from various sites. Reasonably good corrclation is found
between some index parameters and meshanical propertics, and various regression equations are proposed for predicting
mechanical propertis for available data. There s a good correlation between the point load, water content, porosity and
modulus of elastcity with the niaxial compressive strength, whereas the corelation between the density, elastic wave
velocity, and Poisson's ratio with the compressive strength is poor.

Theses correlations may aid engineers 1o make preliminary estimation of the mechanical properties of mudrock when
samples of adequate sze for testing are generally not available. Furthermare, the slective use of proposed relationships

may even reduce the testing requirements of specific projects.

INTRODUCTION

Mudrock is the most common type of sedimentary rock.
Itaccounts for nearly 70% of the total sedimentary rock of
the crust exposed at the surface of the earth. Consequently,
itis frequently encountered in alltypes of engineering project
as construction material for rock fills and embankments, and
in natural and undisturbed state in foundations, cut slopes,
tunnels, and underground spaces. Despite its importance,
however, litle information is available on the mechanical
properties of this rock in comparison with other sedimentary
rocks, such as carbonates and sandstones. Probably, one of
the main reasons for this lack of data s difficulty in working
with mudrock, largely because this rock i difficult o sample,
store, characterise, and test on a practical basis. This material
can easily be disturbed by the usual drilling, sampling, and
specimen preparation. Furthermore, the measurement of
‘mineralogical and mechanical properties is complicated by
the extremely fine grain size and the large clay content. It is
also characterised by a wide variation in is engineering
properties, particularly due to short-term weathering by
weting and drying.

‘The paper describes the statistical relationship between
physical and mechanical properties of mudrock. It focuses
particularly on the correlation between index parameters that
are relatively easy to measure and mechanical properties
that are difficult to determine. Data for statistical analyses
were exteacted from different types of available published
information such as technical reports, papers from journals
and conference proceedings, books, as well as from the
experimental results.

RELATIONSHIP BETWEEN PHYSICAL AND
MECHANICAL PROPERTIES

Regression analyses were applied 1o evaluate the physical
and mechanical properties of mudrock. A short description
of them is given below.

Relationship between water content and compressive
strength

Changing the water content of a rock can significantly
alte is strength. It has been well established that the water
content in fine-grained sedimentary rocks can significantly
affect their mechanical properties, since the uniaxial
compressive strength decreases with increasing water
content

To study the effect of water content on the strength of
mudrock, a large number of the Ashfield Mudrock samples
were collected from various locations. In these samples, the
water content ranged widely (i.c., from 1.12% to 8.76%).
Fig. | indicates that the uniaxial compressive strength
decreases with increasing water content, which confirms
with the previous findings for other mudrocks (Steiger and
Leung 1990; Hsu and Nelson 1993; Lashkaripour 1998).
Steiger and Leung (1990) reported that, in mudrocks, the
uniaxial compressive strengths measured with dry samples
could be 210 10 times higher than for wet samples. Hsu and
Nelson (1993) determined 2 strong correlation between
compressive strength and water content for the Cretaceous
mudrocks of North America. Also, the mudrock is more
affected by the addition of water, especially the rock
containing 2 lot of montmorillonite.
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Relationship between modulus of clasticity and compressive
strength

There is a non-linear relationship between uniaxial
compressive strength and static modulus of elasticity (Fig. 5).
Imazu (1986) found a linear correlation between uniaxial
compressive strength and modulus of elesticity for different
rock types (including mudrock). The following formula relates
the uniaxial compressive strength to static modulus of
elasticity:

Eg=0.1030,1%

where, E, = s
MPa,

)

modulus of elasticity in GPa and o, in

100

rrelation benween physical and mechanical properties of mudrock

In equation (5), the independent variable o,is treated as
aknown quantity, since it is used for predicting E,

A log-log plot of the modulus of elasticity and
compressive strength is shown in Fig. 6. It indicates ratios
ranging from 19 t0 903. The majority of the data (i.e., 56.9%)
have modulus ratios <200 (low modulusratio), 35.8% re in
the range of 200 to 500 (medium modulus ratio), and 7.3% of
data have the ratios > 500 (high modulus ratio). As shown in
Fig. 6, the data have a wide range of ratios and the majority
of the data cluster between the value of 100 and S00.

Several writers have reported low modulus ratios for
mudrocks. For example, Franklin (1981) reported a atio of
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modulus of elasticity to compressive strength i the range
0f 50-200. However, the results of this research indicate that
the ratio of modulus of elasticity to uniaxial compressive
strength is wider than the reported values

Relationship between Poisson’s ratio and compressive
strength

A plot of uniaxial compressive strength versus Poisson’s
ratio indicates that there i no essential relationship betwieen
the uniaxial compressive strength and Poisson's ratio for
the available data. This result was also confirmed by Imazu
(1986), who reported that there was no relationship between
the uniaxial compressive strength and Poisson’s ratio for
different rock types (including mudrocks).

CONCLUSIONS

There is no clear relationship between the uniaxial
compressive strength and density of the mudrock. Some
published results deviate from these results

‘The natural moisture content was found to be a good
predictor of the strength of mudrock. An equation was
developed that may be used for predicting uniaxial
compressive strength from the available information on
moisture content

“The point load strength test is widely used to infer the
uniaxial compressive strength. The correlation shows that
the axial method of point load test seems to be very suitable
for predicting the compressive strength. It appears to be the
best method for estimating the compressive strength when
sample preparation for standard uniaxial compression testing.
s problematic.

Non-linear relationship was found between the porosity
and strength, for both tensile and compressive strengths
Therefore, the porosity may be considered as a good indicator
of the strength of mudrock and is worthy of more detailed
study in combination with other factors.

There is a non-linear relationship between the static
modulus of elastiity and uniaxial compressive strength. This
model may be used to predict the modulus of elasticity from
the given information on the compressive strength. The
range ofratios of the modulus of elasticty to the compressive
strength for mudrocks is wider than that of published ones,
and the majority of data fall in the range of low modulus
ratios.

There is no clear relationship between the uniaxial
compressive strength and Poisson’s ratio. This agrees well
with published results about other sedimentary rocks.
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