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Main Topics 

Á Elastic, plastic and viscous

behavior of rocks 

Á Rock Strength and Triaxial Tests 

Á Controlling factors on rock

mechanics 
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Elastic, Plastic and viscous behavior 

of rocks

To determine whether a test specimen of

rock has responded to axial compression

in brittle, semibrittle, or ductile manner, all

we need to know is the percentage of

shortening before failure by fracturing.
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Ductile rocks tend to accommodate the

shortening (that is deform) without loss of

cohesion; they do this by distributing the

deformation throughout the body, or at the

very least within broad zones.
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Brittle rocks (brittle- bryttian = to shatter),

on the other hand, accommodate

shortening with pronounced loss of

cohesion along through-going fractures.

Instead of being distributed, the

deformation is highly concentrated in

narrow zones.
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As useful as the terms ñbrittleò and

ñductileò may be, they fundamentally

emphasize strain.

What we need at this point is a set of

models that helps us envision the full

interplay of stress and strain, helps us

envision the fundamental ways in which

rocks have been found to respond to

stress.
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Indeed, there are three basic models;

1. Elastic behavior

2. Plastic behavior and,

3. Viscous behavior
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rupture
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The value of E, Youngômodulus, describes

the slope of the straight line stress-strain

curve. Even under the same conditions of

deformation, the value of E will vary from rock

to rock, reflecting natural differences in the

resistance of rock to elastic deformation.

Thus the slope of a straight line stressïstrain

curve is a major of the stiffness of the rock.
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Typical values of Youngôsmodulus are

presented in table 3.4: the higher the values,

the stiffer the rock. Because extension is

unitless, Youngôsmodulus is given in units of

stress (e.g., MPa).

If stress is compressive, and therefore positive

(+), extension will be negative (-), and thus

Youngôsmodulus will be negative as well.
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In the context of our experimental work, Youngôs

modulus E can be thought of as an elastic

modulus that describes how much stress is

required to achieve a given amount of length-

parallel elastic shortening of a core of rock.

Poissonôsratio

A second elastic modulus, known as Poissonôs

ratio and represented by a Greek letter ɜ
(pronounced nu), describes the degree to which

a core of rock bulges as it shortens.
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Poissonôsratio describes the ratio of lateral

strain to longitudinal strain:

(3.6)

Poissonôsratio is unitless, for it is a ratio of

extension. Values of Poissonôsratio are

presented in table 3.2
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The generation of horizontal stresses by

vertical loading is known as the Poisson

effect.

The magnitude of such horizontal stresses

(ů2 = ů3) is related not only to the vertical

stress (ů1), but also to Poissonôsratio (v):

ů2 = ů3 = v ů1

1- v

21



Since Poisonôsratio for common rocks is

approximately 0.25, the magnitude of stress

generated by the elastic phenomenon

described here as the poisson effect is

approximately one-third of the greatest

principal stress.

ů3 = 0.25 ů1 = 0.25 ů1 = 1 ů1

1-0.25 0.75 3
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An ideally plastic body undergoes no strain

whatsoever below the yield stress, and this

would be represented on a stress-strain curve

by a vertical line that terminates at the value

of yield stress (fig. 3.53).

When the yield stress is achieved, the plastic

body will strain as long as the yield stress

magnitude is maintained (horizontal line).

2. Plastic behavior
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3. Viscous behavior

Viscosity is a measure of resistance to flow

(fig. 3.55), just as Youngôsmodulus can be

thought of as a measure of resistance to

elastic distortion.

The greater the viscosity, the greater the

internal friction of the fluid.
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Viscosity is measured in poises: ñifa shear

stress of one dyne/cm2 acts on a liquid and

gives rise to a strain rate of 1.0 sec-1, the

liquid has a viscosity of 1 poise (..where 10

poise=1 Pa sec)ò.

Viscosities for common fluids are

presented in Table 3.6.
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DEFORMING ROCKS 

IN 

THE LABORATORY 

Rock Strength 

Uniaxial and Triaxial Tests
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The mechanical properties of rocks are

explored in rock mechanics laboratories,

where samples are exposed to various

stress fields that relate to different depths

and stress regimes in the crust.

Uniaxial rigs can be used to test the uniaxial

compressive or tensile strength of rocks.
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Triaxial tests, where (ů1 > ů2= ů3) are more

common, where rock cylinders are loaded

in the axial direction while the sample is

confined in fluid that can be pumped up to

a certain confining pressure.

A typical triaxial rig can build up an axial

stress of 2-300 MPa and a confining

pressure of up to 50-100 MPa or more.
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Objectives

The thrust of dynamic analysis goes

beyond force and stress. Of ultimate

interest is a specific knowledge of the

relationships between stress and strain.

This is the subject of rheology, the study of

the response of rocks to stress.
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Rheology : It is the science of flow and

deformation of matter under controlled and

specified conditions of testing.

Flow is a special case of deformation.

Deformation is a special case of flow.
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We want to know how a rock of a given

lithology responds when it is subjected to

forces and stresses under different sets of

conditions of:

1. temperature,

2. confining pressure,

3. pore fluid pressure,

4. rate of loading, and the like.
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It would be ideal if we could predict the

amount of strain any rock body would

be forced to accommodate in the

presence of any known stress under any

given set of geologically reasonable

conditions.
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Structural geologists, physicists, and

engineers have approached this challenge

both experimentally and theoretically.

By subjecting rocks to forces and stresses

under controlled conditions in the

laboratory, we can observe, and describe

mathematically, the nature of the

deformation and the specific relationships

between stress and strain.
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We find it useful to create in the laboratory

the very stresses whose impact we wish to

examine.

We do this by subjecting rock specimens to

controlled loading under known, prescribed
conditions in a deformation apparatus.
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The Value of Laboratory
Deformational Experiments



The nature and origin of structural

deformation of rocks becomes clearer

through images and experiences in

experimental deformation.
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We place an undeformed cylindrical core

of limestone into a thick-walled steel

pressure vessel, squeeze the rock by

hydraulic loading, and

then remove a conspicuously deformed

specimen bearing structural

characteristics identical to those of

faulted rocks seen in natural outcrops
(Figure 3.26).
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Figure 3.26. Deformation of experimentally deformed cylinders of rocks.

Structure is reflected in the thin-walled copper jacket that envelops each

rock specimen. Left to right: fault in slate, conjugate fault in sandstone,

ductile flow in limestone. (from Donath (1970a). Published with permission

of National Association of Geology Teachers, Inc.)



Sample Preparation for deformation 

experiment

A small core of rock is extracted from a rock

through the use of a drill press and a

diamond drill coring device. The ends of the

cylinder of rock are polished on a grinding

wheel.

After the specimen has been thus prepared, a

micrometer is used to measure length (l )and

diameter (d )of the specimen, preferably to

three significant figures.
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The specimen is then placed in a jacket of a

thin-walled cylinder of copper or some

other material of negligible strength.

The jacket serves to seal the rock from

whatever fluid (e.g., kerosene) occupies the

pressure vessel to avoid the fluid entering

the sample and changing its mechanical

properties.
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For porous rocks or sediments it may be

possible to control the pore pressure (e.g.

up to 50 MPa).

Once all this has been done, the jacketed

specimen is fitted with an anvil at its base

and an upper piston specimen holder at

its top (Figure 3.27A).
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Both these components are made of

stainless steel and equipped with O-rings

to prevent entry of fluids into the jacket

from above or below.

Then the specimen and its trimmings are

screwed into the pressure vessel (Figure

3.27B), a steel vessel of sufficient wall

thickness and inherent strength to resist

fracturing under conditions of very high

pressure.
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Figure 3.27 (A). Internal parts of pressure

vessel, showing the relation of the

cylindrical rock specimen (and copper

jacket) to pistons and anvil. (From

Donath, 1970a). Published with

permission of National Association of

Geology Teachers Inc.). (B) Schematic

drawing of the vessel-press assembly in

the Donath apparatus: 1. Pressure vessel;

2. upper piston and seal; 3. specimen; 4.

anvil; 5. gland and lower seal; 6. lower

piston; 7. retaining plug; 8. load cell; 9.

equalization piston; 10. equalization

cylinder; 11. ram body; 12. ram piston; 13.

collar (from Donath, 1970a). Published

with permission of national Association of

Geology Teachers Inc.
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