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ABSTRACT 
 
The testing of rock for Uniaxial Compressive Strength, Young’s Modulus, and Poisson’s Ratio, is a 
simple and straight forward procedure.  The results are generally reliable when the samples being 
tested are free from imperfection which is seldom the case. The purpose of this paper is to make the 
reader aware of some of the conditions which could affect the results, and provide recommendations 
to the engineers to pay close attention to potential problems in the test results. 
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1 INTRODUCTION 
 
The purpose of this paper is to examine Young’s Modulus Test Reports of rock samples, and examine 
what constitutes a good result, and how less-than-reliable results can be recognised. 
 
2 BACKGROUND 
 
2.1 Parameters Measured 
 

The parameters measured in uniaxial compressive strength (UCS) rock testing are generally as 
follows: 

 Uniaxial compressive strength = peak compressive stress at which the sample fails  

 Young’s Modulus = Stress/Strain (usually in units of GPa or MPa) 

 Stress = Force (or Load) per unit area (usually in units of GPa or MPa) 

 Strain = Increase (decrease) in length per unit length (dimensionless). In rock testing 
we usually use microstrains (1,000,000 microstrains = 1 strain) when reporting strain. 

 
2.2 Stress/Strain Acquisition 
 
2.2.1 Loading Requirements 
 
Testing of UCS, Young’s Modulus and Poisson’s Ratio can be carried out in a variety of loading 
frames. For the lower load ranges, load cells are commonly used for measurement of applied load. 
Above 200 kN, it may be sufficiently accurate to measure the pressure in the hydraulic oil. Loading 
machines with capacities of up to 5000 kN are available for testing of very high strength rock.  Excess 
capacity may be required in order to obtain sufficient stiffness. 
 
2.2.2 Testing Methods 
 
Four different methods which are common in rock testing laboratories, are described below: 
 

 The first method is to use electrical strain gauges, two vertical for the axial strain, and 
two horizontal for the circumferential strain.  These are attached to the rock with 
adhesive, and are not reusable. 

 The second method is extensometers for use on samples with surfaces unsuitable for 
the adhesive. These consist of two pins on each side of the sample.  The pins are 
initially 50 mm apart and are in a spring loaded frame which is clamped to the sample.  
The distance between the pins is digitally logged, to give the Axial Strain.  The 
circumferential strain is measured with the aid of a spring loaded chain around the 
circumference of the sample. 
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Figure 1. Extensometers 
 

 The third method is to log the platen movement for the axial strain, and to have a steel 
tube surrounding the sample through which three LVDTs have been fixed at 120° 
intervals.  The LVDTs are initially set up to just contact the sample. Any diametral 
expansion of the sample is electronically logged to give the diametral strain. 

 The fourth method is to measure the ultrasonic pulse velocity, both P and S-waves, 
and to calculate the dynamic Young’s Modulus from the following equation, without 
any measurement of stress or strain. 
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where: 
 
Ed =  Dynamic Elastic Modulus 

=bulk density of the rock. 
VS = the velocity of the shear wave 
Vp = the velocity of the compression wave

 
 
This method should only be used for the assessment of modulus at very small strain (i.e. less than 
approximately 10 microstrain). 
 
2.2.3 Standards and Test Methods 
 
In Australia, testing is usually carried out using the procedure described in Australian Standard, 
AS 4133.4.3.1, and testing laboratories are usually accredited under the National Association of 
Testing Authorities (NATA).  There are other test methods or standards such as American Society of 
Testing and Materials (ASTM D70122-10 1.2.4). 
 
3 FACTORS AFFECTING THE RESULTS 
 
CHILE v DIANE 

It is easy to test rock samples that are, Continuous, Homogeneous, Isotropic, and Linearly Elastic. 
If they are Discontinuous, Inhomogeneous, Anisotropic or Non-linearly Elastic, problems can arise. 
 
With the advent of electronic load cells and pressure transducers, connected to digital logging 
equipment, it is now possible to record the loads with much greater accuracy than was previously 
possible with mechanical equipment. 
 
However, measuring strain does in some cases continue to pose problems. 
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3.1 Operator Errors 
 

The following examples are common operator errors: 

 The ends of the sample may not be flat and parallel to each other and normal to the 
axis of the sample.  

 The sample may be loaded eccentrically. 

 Some or all of the readings may be outside the calibrated range of the load measuring 
device. 

 The strain gauges may not be zeroed and spanned. The shunt may be on when it 
should be off. 

 Many of these errors are made by new operators.  Experienced operators learn to 
recognise when the readings are abnormal and take remedial action. 

 
3.2 Non-Operator Errors 
 
Some examples of non-operator errors are listed below: 

 The surface of the sample could be too soft for strain gauges to adhere to. 

 The structure of the sample may be discontinuous resulting in different parts of the 
sample being stressed by different amounts. 

 Strain gauges are not designed for shear strain.  If they are subjected to shear they 
may give erroneous results. 

 In order to avoid shear strains on the axial gauges, on samples where the bedding (or 
foliation) is not horizontal, we position the axial gauges parallel with the axis, but in a 
location where they are at right angles to the bedding planes. This may compromise 
the results from the circumferential gauges, which could be subject to shear. 

 AS 4133.4.3.1-3(d) states that the strain gauges “… should not encroach within d/2 of 
the specimen ends, where d is the diameter of the specimen.”  This precludes logging 
the platen movement to measure the axial strain. Method 3 (section 2.2.2) is not 
suitable, if this Standard is being used. 

 On occasions a large piece of the sample may fall off, at only a fraction of the ultimate 
load.  A variation of this is a rock, usually with a very high UCS value, de-laminates 
long before the ultimate load is reached. This affects both the stress and strain values 
because the outside laminas bow out the change in length of the strain gauge does 
not represent the shortening of the sample.  Most methods of measuring strain 
impose some kind of load or constraint on the sample which could affect the result in 
some way.  It has been observed on some batches of rock samples that none of the 
failure planes actually went through a strain gauge, indicating that the strain gauge 
adhesive was preventing failure in that area.  When using extensometers, the spring 
loaded points of the axial extensometers exert diametral force on the sample. The 
circumferential chain is also spring loaded onto the sample.  The mass of the 
equipment is mainly supported by the sample.  This effect can be reduced by adding a 
counterbalance to the equipment. 

  
3.3 Inherent Sample Difficulties 
 

Some inherent sample difficulties are illustrated in Figure 2 below: 

vertical laminations                    drill grooves                          vesicular basalt                          calcarenite 
 

Figure 2. Examples of Inherent Sample Difficulties 

2(a) 2(b) 2(c) 2(d)
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In Figure 2(a), had strain gauges been affixed to the outer laminas, they would have bowed out under 
load, and the shortening of the strain gauges not representative of the shortening of the sample. 
In Figure 2(b), a sample with an outer diameter of 85 mm is shown with grooves produced during 
coring.  It could be re-cored to a smaller diameter before testing, so that an accurate diameter can be 
measured. 
 
Samples shown in Figure 2(c) and Figure 2(d) do not have suitable areas for attaching strain gauges.  

If the gauges are attached across a void, they will not shorten as the sample shortens. With samples 
such as that shown in Figure 2(c), the voids could be filled with epoxy, then filed or grinded smooth for 
the attachment of strain gauges. A large amount of epoxy may affect the results 
 
Conglomerates are another type of rock that are, difficult to test. The particles in the sample often 
have vastly different properties to the matrix they are in. 
 
4 WHEN YOU RECEIVE YOUR MODULUS REPORT 
 
4.1 Reading the graph 
 
Figure 3 shows a typical result of a rock modulus testing report which provides the following 
information: 

 The RHS of the graph represents the AXIAL strain information 

 The LHS of the graph is the CIRCUMFERENTIAL strain. 

 Note: A positive strain represents a shortening of the sample. A negative strain 
indicates lengthening. 

 The vertical axis shows the AXIAL stress. 

 The horizontal hatching is the strain reading from the individual strain gauges.  The 
solid line is the average of each pair of strain gauges. 

 The actual area that the AVERAGE Young’s Modulus has been calculated is indicated 
by bold lines inside a dashed rectangle.  This rectangle can be moved anywhere on 
the graph to perform the calculation of average Young’s Modulus in a different area. 

 The positions of the Secant and Tangent Moduli are also indicated. 
 
The engineer should review the graphical output as follows, rather than just taking the computed 
values provided by the technician based on the laboratory software: 
 

 When first looking at the graph we notice it has two kinks in it.  The causes of these 
kinks should be investigated to see if they are likely to compromise the final results. 

 Look at the plot of the axial strain gauges.  The left hand edge of this graph goes from 
zero to 55.4 MPa as a single smooth line.  The right hand side however has a couple 
of kinks in it, where the strain has suddenly reduced. 

 Note:  An increase in strain represents a shortening of the sample. i.e. the kinks on 
the right hand plot represent a trend of the strain gauge, back to its original longer 
length.  It has become less stressed and the rock it is attached to is now carrying less 
load. 

 Now look at photograph of the failed sample. 

 The axial strain gauges were attached on the left and right of the photograph.  They 
are normally removed at the end of the test prior to the moisture content being done. 

 The sample has two failure areas.  One is a semicircular piece which has fallen out on 
the left side. The other is a shear failure beginning with part of this semi-circle, and 
continuing down to the bottom platen. 

 It can be deduced that the left hand axial plot represents the right side of the 
photograph which is still intact at the end of the test.  The lower kink in the plot would 
have been formed when the semi-circular piece began to fracture, and the second 
kink when it fractured further. 

 Young’s Modulus has been shown for each of the gauges, and also the average.  
These have been calculated using the method of least squares, for the best fit straight 
line. 
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 It is reasonable to infer from these observations that the average Young’s Modulus of 
9.05 GPa calculated by the program is a reasonable result, and that the kinks in the 
line have not had any adverse effects on this figure.  In some cases a kink may have 
a huge effect.  The engineer may then want to analyse the data provided and modify 
the Young’s Modulus figures depending on the nature of the problem and anticipated 
stress levels. 

 

 
 

Figure 3. Graphed results and sample photographs 
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4.2 Other Examples 
 

The results of two other rock test samples are shown in Figures 4 and 5  

 
Figure 4. Questionable Test Result                                Figure 5. Acceptable Test Result 

 
In Figure 4, the sample has begun to disintegrate at 68 MPa destroying the circumferential strain 
gauges and compromising the remaining axial readings. The axial strain readings below 68 MPa are 
also vastly different to each other possibly due to a weakness on one side of the sample. The reported 
Young’s Modulus of 12.4 GPa is therefore questionable. 
 

In Figure 5, the left hand axial strain plot has started going backwards at the start of the test.  This 
could be due to voids on one side of the sample closing, and causing the sample to bend. This has 
had only a small effect on the Young’s Modulus compared with Figure 4, and may be considered 
acceptable. 
 
5 CONCLUSIONS AND RECOMMENDATIONS 
 
The testing of rock for Uniaxial Compressive Strength, Young’s Modulus, and Poisson’s Ratio, is a 
simple and straight forward procedure.  However, there are many factors which could affect the test 
results due to operator and non-operator errors and inherent difficulties in the samples provided for 
testing.  Some of the problems encountered in laboratory testing of rock samples for Young’s Modulus 
are presented in the paper with illustrated examples, and recommendations are provided to the 
engineers to watch out for potential problems in the test results.  Good communications between the 
laboratory staff and the engineer is essential, and the recommendations for the laboratory and the 
engineer are summarised below:  
 
5.1 For the laboratory 
 
Always note the failure mode, draw sketches and take photographs, note any inherent sample 
difficulties, and unexpected behaviours during the testing, and communicate these clearly to the 
engineer. 
 
Develop better ways to measure strain; ways which do not impose additional loads or constraints on 
the sample, preferably non-contact systems. 
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5.2 For the engineer – client 

 
Talk to the laboratory technicians. Always examine the graphical results. If the curves are complex, 
look at the photographs and work out what has caused the various glitches in the graph.  Look to see 
which positions that the moduli have been calculated in.  Are these appropriate for your purposes? If 
necessary ask for the moduli to be re-calculated in a different position. 
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