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Changes for a Naturally Jointed Specimen.
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v=1/2[1-(AV/V) /1] (14)

Figures (1) to 3 illustrate three typical
plots for and intact rock speciment (figure
1) and two artificially (saw cut) and natu-
rally jointed specimens obtained through
triaxial tests performed by the auther using
a 5 MN servo-controlled stiff testing ma-
chine (Fahimifar, 1990). The middle plot in
each figure was obtained directly by plot-
ting the displaced oil from the triaxial cell
versus the axial displacement (axial strain)
for each test. The third plot in each figure
shows the volumetric strain-axial strain
curve which was obtained by a series of cal-
culations based on the proposed method in
this paper and using the displaced oil as row
data in these calculations. The first plot
shows the axial stress-axial strain curve for
each test which is independent of the mid-
dle plot. Comparison of the three plots in
each figure reveals that there is a very close
correlation between the axial stress-axial
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strain and: volumetric strain-axial strain
plots for three types of intact and jointed
specimens which is in fact an indication of
a very high accuracy of the method for both
intact and jointed specimens.

For the simplified case a program was
written to calculate the volumetric strain
lateral strain and instantaneous Poisson's ra-
tio, and the plots in figures 1 to 3 obtaind by
using this program. ‘

Summary and Conclusions

An accurate approach for strain measure-
ment on rock in constant confining pressure
is described. The method is particulary use-
ful where strain gages can not be employed,
for example, on wet specimens, discontinu-
ous specimens or when large strains are en-
countered. Typical plots obtained through
triaxial tests performed on the basis of this
technique indicate very good correlation be-
tween volumetric, axial and latteral strains
for both intact and jointed specimens.
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Taking into account the elastic deforma-
tion of the ram entering the cell, V,, is given
by:

Vr=nrl-AVg 3)
Where

r=Ram radius
[=Measured displacement of the ram and
AV =Volumetric change of the ram.

DV, is given by (Obert and Duval, 1967).

AVg= __mg Lo +203)(1-2vy) 4)

Compression is taken as positive.

To obtain the displaced oil related to vol-
umetric change of the system (cell, O-ring,
rubber membranes and platens) a series of
triaxial calibration tests must be carried out
on a cylinder of a material of known elastic
constants (such as steel, aluminium and so
on) of the same dimensions and confining
pressures as the rock specimens. In this
case, the volumetric change corresponding
to the system, V,, is given by:

vsys =V.. f - (AVq + AVro) (5)
where

V =Displaced oil through the calibration
test.

f=0il compressibility factor

AV =Volumetric change of steel cylinder

AV, =Volumetric change of the loading
ram in calibration test.

AV, and AV are given as (Obert and Du-
val, 1967):

AVSJ—“I“; H: (6,+205) (1-2v) 6)
AV,o= m.;l“ (61+203) (1-2vy) (N
where
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r=Radius of the steel cylinder

H=Specimen height

I =Measured axial displacement of the
ram in calibration test

E and v, are steel's modulus of elasticity
and poison's ratio.

Substituting equations 6 and 7 in 5, and 4
in 3 and then, the resultant equations in 2,
the volumetric strain of the rock specimen
(in%) is given by:
AV/V =100/V [(Vo- Vo). f-mur?. 1 (8)
+T/E (G +203) (1-2v) ¢2 . He+12. [+12.D)] %

In a simplified case, where confining
pressure is not very high (below 70 Mpa)
the elastic deformation of system may be
neglected, and therefore, volumetric strain
is given by:

AV/V =100/V {f.Vo-nr*.I[1 (9)
-(1-2vy) (01 +203)/El} %

where
V=the specimen original volume.

The average axial strain of the specimen,
g,, is given by:

g1= 100//L [1 - (01 - 2V,03)] 10
where
L=the original specimen length.

Using the equation (Jaeger and Cook, 1979):
AVIV =g +e+8&; 1D
That reduces here to:

AV/IV =g,-2¢ (12)
Radial strain, €, is given by:

£2=1/2(-AVIV) % (13)

and instantaneous Poisson's ratio, v, is given
by:
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In addition, all of the techniques are
nearly impossible to use in triaxial testing
of jointed specimens successfully, where a
large shear and normal displacements oc-
curs through the joint. There is, however, a
technique as described in the follow-
ing,which is practical to use on jointed
specimens tested triaxially for small and
large sliding movements.

Principle of the Technique

The technique based on the principle that
when a specimen immersed in a full fluid
vessel and is stressed, its volume changes;
the volumetric change can be measured di-
rectly by collecting the displaced liquid in a
graded cylinder. In a triaxial test, with a
constant confining pressure, application of
axial load to the specimen results in axial
and radial deformations. If the system is
closed, and therefore the amount of confin-
ing fluid is held constant, as the stress is
raised a change in confining pressure oc-
curs. If the confining pressure is to be main-
tained constant, as indeed is expected from
this type of tests, it is important to allow a
certain amount of the confining fluid to be
removed from the system. The quantity of
the fluid is proportional to the changes in
volumetric strain, and by monitoring con-
tinuously the amount of fluid during the test
one can calculate the change in volumetric
strain that the specimen suffered during the
test.

Bridgman (1949) used this method for
the first time by using a dilatometer in his
testing system. Since 1949 this technique
has been adopted by different workers
(Crouch, 1970 a, 1972 a; Wawersik, 1975;
Price, 1979), and has successfully been
used in triaxial test by designing and em-
ploying appropriate apparatus in order to
control and measure the volume change.The
technique of strain measurement described
in this paper chooses the same basic ap-
proach but is shown to be very accurate and
more versatile for both intact and jointed
specimens.

Measurement Procedure

In measuring the displaced oil due to
volume change of the specimen the same
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apparatus was used as price (1979). The
displaced oil is collected in a graded
cylinder by adjusting a relief valve manual-

ly.

Calculation Procedure

Applying axial load and confining pres-
sure on the specimen deforms not only the
specimen, but also the other parts of the
system i. e.: loading ram, end platens, triax-
ial cell, rubber membranes and displaced
oil. Therefore, a very accurate procedure to
calculate true volumetric, axial, and lateral
strains, is required to take into account all
the components affected during a test.

As the oil released from the triaxial cell
expands, due to the reduction in pressure,
the true volume of oil displaced, V,, is given
by:

Vi=fVo ' (D
Where

V.=The measured volume of oil dis-
placed, and

f=A factor of compressibility, depending
upon the type of hydraulic oil which is
used in the experiment. It can be taken
from the technical notes supplied by
productor. '

The true volume of oil (V,) composed of
three components:

-The oil displaced by the loading ram enter-
ing the cell (Vy);

-The oil displaced by the volumetric change
of the_specimen (AV), and

-The oil displaced by the volumetric change
of the system (V).

The volumetric change of the system
(V) includes: the end specimen platens,
the O-rings, the rubber membranes, and the
triaxial cell. Consequently, the specimen
volumetric change is given by the following
expression.

AV =V,- (Veys + Vi) 2
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Abstract:
o e e |
I An indirect method to measure volumetric strains on intact rock cylinder and !
| joint deformations in jointed specimens subjected to triaxial compression is de- '
i 'scribed. It relies on the principle that when a specimen immersed in a full fluid
! vessel and is stressed its, volume changes. For this purpose a 5 MN servocon-
i trolled stiff testing machine was employed and cylindrical specimen were tested
| triaxially up to 70 MPa.
i In measuring the volume change a particular apparatus is connected to tri-
' axial cell and the displaced oil due to volume change of the specimen is collected
| in a graded cyliner by adjusting a relief valve manually.
' A very accurate procedure to calculate the volumetric, axial and lateral
: strains  is presented taking into account all the components affected during a
y test. ' -
i Typical plots obtained through this technique reveals that there is a close cor-
! relation between axial stress-axial strain and volumetric strain-axial strain
| plots for intact and both natural and artificial jointed specimens. The close cor-

| relation is in fact an indication of a very good accuracy of the method.
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Introduction

Axial, radial and volumetric strains are
significartt factors to study deformational
behaviour and failure mechanism of rocks.
Several techniques (directly and indirectly)
are available to measure- strains on rock
specimens subjected to a constant confining
pressure. The most commonly used direct
method of measuring volumetric strains in
the triaxial testing of rock relies on the use
of resistance strain gauges which are
mounted axially and circumferentially on
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the rock specimens. This is however, the
most convenient method for obtaining the
small volumetric strains that occur prior to
brittle failure (Paterson, 1978). It has been
also indicated that all of the methods, direct
and indirect, have the disadvantages of:

a) Only measuring over a limited portion of
the specimen and

b) Most are impragtical under triaxial con-
ditions (Price, 1979).
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