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2.1 Diametric measurement

2.3 Three-point radial measurement

Direct diametric measurement is generally conducted by
using adversely located displacement measurement
points in classical Unconfined Compression Test (UCT).
They are connected to a displacement measurement
device, such as a Linear Potentiometer (LP). Before any
loading, this LP reading corresponds to the initial
diameter (D0) of the specimen. These two gauges convey
the radial deformations of the specimen in opposite
directions to the LP. Therefore, changes in the LP
measurement while loading the specimen correspond to
change in diameter (D) of the specimen. Procedure of
calculation Poisson’s ratio of the specimen from the final
diameter is as follows:

Figure 1 illustrates the proposed compressometer frame.
The device consists of 3 metal rings that surround the
specimen, in order to assemble the gauges independently
from specimen. It employs three LPs located at midheight, transversely 120° apart from each other to record
radial deformations. It has also two LPs, parallel to
longitudinal axis, in order to record longitudinal
deformations in UCT. These devices have resolution of
0.72 μm with the 16-bit data acquisition system used in
this setup. Height of the compressometer rings and
therefore measurement point locations are adjustable, in
order to accommodate different heights of specimens cut
from 48mm (NQ) and 63.5mm (HQ) diameter core
samples.

   r  D
 z D0

(1)

where r is the radial or diametric strain, z is the
longitudinal or axial strain.
Poisson’s ratio found with this apparatus is
dependent on the utterly random initial location of
gauges in relation to the anisotropy axes in the horizontal
plane. This method therefore generates a random result
between the principal Poisson’s ratio values in the two
horizontal axes of anisotropy, utterly failing to capture
even an average Poisson’s ratio if the specimen has
transverse anisotropy.
2.2 Perimetric measurement
Perimetric measurement reaches a unique average value
by recording the change in perimeter rather than change
in diameter [5]. This method is generally conducted by
using axial and circumferential LPs in classical UCT. A
free-end chain is tightly wrapped around the perimeter of
the specimen and these free-ends are attached to an LP to
record the changes in the specimen perimeter. Therefore,
before loading, LP reading corresponds to the initial
perimeter, (Ci) and during the experiment, the LP records
deformation in terms of changes in perimeter, (C). By
calculating the change in perimeter, this method gives an
average Poisson’s ratio independent from the direction in
a plane, so it also neglects the transverse anisotropy in
rocks. Average Poisson’s ratio calculations, which
assume the cross-section remains a perfect circle after
deformation, are as follows:

C r

 r
Ci
r0



Fig.1. Picture of proposed compressometer. The third LP is
behind the specimen.

An average Poisson’s ratio can be calculated with
this experiment, by finding average horizontal
displacement (  ), which is simply the arithmetic
mean of radial displacement measurements of LP1;ϭͿ,
LP2 ;ϮͿ, and LP3 ;ϯͿ͕ and calculating average
Poisson’s ratio value from the deformed shape’s radius:



r
2 

 z D0   z

(3)

Figure 2 presents a deformed shape of a rock
specimen together with axes of anisotropy, and three
arbitrarily placed equidistant radial measurement points
as the proposed measurement device has. Final deformed
shape is assumed as an ellipse and horizontal
deformation () in any direction can be written as a
function of primary Poisson’s ratio (1), secondary
Poisson’s ratio (2), initial radius (r0), longitudinal strain
(z), and angle between positive x-axis and LP1 ()
through the following calculations.

(2)

where r0 is the initial radius and r is the change in the
radius of the rock specimen.
The single  value obtained from this method (using
Ramanujan II numerical approximation for the perimeter
of an ellipse [6]) is found to be equal to the arithmetic
average of the principal Poisson’s ratios, to the accuracy
of 0.0004 when  difference is as large as 0.5.
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horizontal displacement (  ) and use it to find a single
average Poisson’s ratio, by equation 3.
In order to show the difference between traditional
assumption of isotropy and possible range of anisotropic
deformations, a parametric study is conducted. The
radial displacement measurements are calculated for
ellipse sections that are created by combinations of 1
and 2 values. The “average” Poisson’s ratio values that
are calculated from the average of three radial
displacements are compared to the real arithmetic mean
of 1 and 2.
In order to generate an example calculation, r0 and z
were chosen as 25 mm, 2.5%, respectively. However,
these have no effect on the result as all calculations are
in the form of ratios. In these simulated scenarios,
anisotropy in Poisson’s ratio was generated by varying
1 value from 0 to 0.5 with an increment of 0.1 and
varying 2 value from 0 to 0.5 with an increment of 0.01.
All calculations were conducted in a spreadsheet for all
Poisson’s ratio combinations. The angle  between first
LP and positive x-axis was also used as a variable at
first, but due to the periodic axisymmetry of the of the
problem the largest change it could cause in average
Poisson’s ratio calculation is found to be a negligible
1.2x10-5. The average Poisson’s ratio values, which are
calculated from equation 3 using theoretically simulated
radial displacement readings around an ellipse by
equation 9, were compared to the arithmetic mean of
assumed 1 and 2 values, through an absolute error
definition given by equation 10. Figure 3 shows the
results, which demonstrate miniscule errors in a
parabolic relationship in equation 10, to the difference
between the principal Poisson’s ratios:

Fig.2. Undeformed and deformed shape for M3

The radial deformation measured by any LP at any
point on the perimeter, expressed in terms of the
Cartesian coordinates of the deformed shape, is:

  x 2  y 2  r0

(4)

Along the axes of anisotropy, radii of the ellipse are:

a  r0   a  r0   z  1  r0

(5)

b  r0   b  r0   z  2  r0

Formulation of  can be derived with the help of
general ellipse equation and trigonometry, as follows:

x2 y2

1
a2 b2

(6)

y  x  tan 

(7)

Therefore,

Error   
1
1 tan 2 

a2
b2

y

(8a)

1
 tan 
1 tan 2 

a2
b2

ƌƌŽƌŝŶĂǀĞƌĂŐĞWŽŝƐƐŽŶΖƐƌĂƚŝŽ͘

x

(8b)

Inserting equations 5 and 8 into the general equation
4 gives the following final expression of radial
deformation as a function of 1 , 2 , r0 , z and .



r0  sec
1

1   z  1 2



tan 2 
1   z  2 2

 r0

2

 0.004633 1   2 

2

(10)

Ϭ͘ϬϬϭϰ
Ϭ͘ϬϬϭϮ
Ϭ͘ϬϬϭϬ
Ϭ͘ϬϬϬϴ
Ϭ͘ϬϬϬϲ
Ϭ͘ϬϬϬϰ
Ϭ͘ϬϬϬϮ
Ϭ͘ϬϬϬϬ
Ϭ͘Ϭ

(9)

 1  2

Ϭ͘ϭ

Ϭ͘Ϯ
Ϭ͘ϯ
ͮ ϭͲ Ϯͮ

Ϭ͘ϰ

Ϭ͘ϱ

Fig.3. Error values of absolute difference of Poisson’s ratios
for 3-point radial measurement method.

However, since there are three LPs that measure
transverse deformation 120° apart from each other, three
different  values are measured at three different
locations. Therefore, by taking average of these three 
values using , +120° and +240°, where  is a random
angle between 0° and 120°, one can obtain an average

3 Numerical approaches for transverse
anisotropy calculations
Using the proposed compressometer device, the
transverse anisotropy can be considered and principal
Poisson’s ratio values can be calculated by assuming that
the specimen cross-section deforms into an ellipse. As
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three points are not enough to define a unique ellipse, an
additional assumption is needed. Two different
numerical approaches, each based on a different
additional assumption, are presented in this part with
their results. All calculations are carried out by using
MATLAB computational software.
Unlike the previous part, the validation of
applicability of these calculation approaches requires an
unknown deformed shape. To provide it, real data from
HQ-sized rock core specimens, which are equipped with
the proposed device during UCT, are analyzed using
both approaches. The strength and deformation
properties of the rock specimens were selected to cover a
wide range (Table 1 and Figure 4), from various core
samples found in the lab. Length between the
longitudinal measurement rings of the device is 107.5
mm.

Three equations can be obtained from transversely
located LPs. First, transverse deformations should be
converted to x and y coordinates by considering their
corresponding angles with x-axis. This transformation
yields the coordinates of the final locations of
measurement points.

xi  (r0   i )  cos  (i  1)  120
y i  (r0   i )  sin   (i  1)  120

By inserting each point in to general ellipse equation
(6), which the coordinates of the points must satisfy,
three independent equations with three unknowns (a, b
and )are obtained:

 (r0   i )  cos  (i  1)  120
 

a


2

Table.1. Properties of tested rock core specimens.

qu (MPa)
E (MPa)

 (11)

 (r0   i )  sin   (i  1)  120
 1

b


2

Test 1 Test 2 Test 3
6.0
73
22
850 66000 7600

(12)

Newton-Jacobi method [7] is applied to every set of
readings in the experiment, to solve for this non-linear
equation system’s unknowns, which are then related to
the primary and secondary Poisson’s ratios. For every
reading step (denoted by index t) of the experiment,
Newton-Jacobi procedure is repeated to converge to
values of atfinal, btfinal, and tfinal. Longitudinal strain,tz, is
calculated based on the initial specimen length and the
average of two deformation readings measured by the
vertical LPs.
Finally, one can easily use these parameters in
equations 5, to obtain primary and secondary Poisson’s
ratios for each step as:

 1t 
Fig.4. Stress - strain relationship obtained from the trial tests.

a tfinal  r0
r0   zt

and  2t 

b tfinal  r0
r0   zt

(13)

Figure 5 shows the change of primary and secondary
Poisson’s ratio (1,2), and angle, () all of which are
calculated by the procedure described above with respect
to longitudinal strain(z).

3.1 Approach 1: Fixed centre, free to rotate
In the simpler approach, the centre of the specimen
cross-section is assumed to be stationary throughout the
test. So, from three different transverse deformation
readings obtained from LP1, LP2, and LP3 an ellipse has
to be formed with exactly same centre coordinates with
original shape.
At any moment or longitudinal strain during an
experiment, the following data is measured: i
(transverse deformation monitored by ith Linear
Potentiometer, LPi, where i can be 1, 2 or 3), ǌϭand ǌϮ
(longitudinal deformations recorded by vertical LPs),
and applied force.
By referring to Figure 2, there are three unknowns:
coordinates of point (a)which represents primary axis of
the ellipse and also serves as the x-axis in the
calculations, coordinates of point (b) which stands for
the secondary axis of the ellipse and also serves as the yaxis in the calculations, and angle () which is the angle
between LP1 and positive x-axis.

Fig.5. Variation of1,2 and  with z from Test 1.

As seen in Figure 5, calculated values of primary and
secondary Poisson’s ratios show increasing or decreasing
trend rather than staying around a constant value. Also,
() angle, between the primary axis of the ellipse and
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taken as the total error value for that  and 
combination. Finally, the  and  combination which
gives the minimum total error in calculated Poisson’s
ratios from constant/average values are chosen as the
final values of the angles. Corresponding average
principal Poisson’s ratios characterize the material’s
anisotropic behaviour, assuming they don’t vary with
strain over the elastic range.
For Test 1, the angle combination which gives the
minimum error is° and °. Figure 7
shows for these angles, the principal Poisson’s ratios and
centre movement, c, calculated at each longitudinal
strain, z. The resulting  1 and  2 are 0.13 and 0.04,
respectively.

LP1 changes between 10° and -50°. Theoretically, angle
between the primary axis of ellipse and LP1 should not
change significantly since the horizontal enlargement of
the specimen should align with natural axes of
anisotropy. Minor angle changes can be accepted, since
formation and propagation of new cracks can affect the
anisotropy direction. Likewise, analyses of data from
Tests 2 and 3 also result in variation of  by 35 and 45°,
respectively. These large changes in orientation of
anisotropy calculated by this approach are attributed to
the assumption that keeps the coordinates of centre
constant throughout the deformation. In the light of these
findings, it is concluded that assumptions based on the
constant centre yield unrealistic responses; therefore, this
assumption must be changed and horizontal movement
of the cross section must be considered.
b

LP1



a

a

LP2
LP3

b

Deformed
Shape



c

Fig.7. Variation of 1, and C with longitudinal strain for
Test1, as calculated by Approach 2.

Undeformed
Shape

Fig.6. Deformed shape assumption of Approach
(displacement of the centre is vastly exaggerated).

The proposed numerical approach is capable of
detecting the little anisotropy in this soft rock specimen
with a relatively small Poisson’s effect. Result in Figure
7 indicates that centre of the specimen moves as the test
progresses, and values of Poisson’s ratios are strictly
different from those obtained in Approach 1. Poisson’s
ratios obtained by Approach 2 show changes with strain
as those by Approach 1 did, but for Approach 2, changes
are smaller.

2

3.2 Approach 2: No rotation, centre moves
linearly
When centre of specimen is moving, movement direction
must also be computed. Therefore, the unknowns are
rotation angle between the primary axis and LP1 (),
direction angle between direction of centre displacement
and primary axis ( ), displacement of the centre (C),
primary radius (a), and secondary radius (b) (Figure 6).
This approach also assumes that primary and secondary
Poisson’s ratios are supposed to stay constant under
increasing strains.
As in Approach 1, there are only 3 equations
obtained by putting measurement points into the ellipse
equation. However, this approach has 5 unknowns. In
order to handle these unknowns a grid search algorithm
[8] with  and  as two variables is conducted between
0-360 with 0.1 intervals. This leaves only 3 unknowns
for each grid point, so Newton-Jacobi method is applied
to all  and  combinations in order to find the
remaining unknowns, C, a, and b. This results in the
ability to calculate principal Poisson’s ratios (1,2) at
every strain of every angle combination. Root-Mean
Square (RMS) Errors are calculated according to
Poisson’s ratio values averaged over the elastic strains of
the test ( 1 and  2 ). Sum of these two RMS errors are

Fig.8. Variation of 1, and C with longitudinal strain for
Test2, as calculated by Approach 2.
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Poisson’s ratio values still show variation with strain,
especially when getting out of the elastic range.
However, the method can be used for the elastic range of
the behaviour to converge to unique values of principal
Poison’s ratios.
We thank TOKER Drilling & Construction Co. for providing
test data and equipment for the study.
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