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6-1Mechanical Properties & Deformations in Rocks
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Strength of intact rock depends on component mineral strengths and

the way they were bound together.
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6-2 Mechanical Properties of Rocks
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[A] Rock Specimen
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[C] Under Tension

Figure (6-1): Deformations in Rock Specimen
Stress is defined as force per unit area, the stress applied to rock
specimen is denoted by (o), measured by (N/m®kN/m?
N/mm?).Stress is a much more complex quantity and it varies both
with direction and with the surface it acts on. According to direction
of application, the stresses can be classified into:
a- Compression: Stress that acts to shorten an object.
b- Tension: Stress that acts to lengthen an object.
c- Normal Stress : Stress that acts perpendicular to a surface, can be
either compression or tension.
d- Shearu=all: Stress that acts parallel to a surface. It can cause one

object to slide over another. It also tends to deform originally
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rectangular objects into parallelograms. The most general definition

Is that shear acts to change the angles in an object.
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1- For Compression Stress kil sga:

Compression Force
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Cross Section Area

2- For Compression Stress <d) dlgal:

Tension Force

O
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o O't = Z

Cross Section Area

3- For Sheer Stress o<l agal:

Shear Force

Cross Section Area

_ V
T _A1
In which;

V is the shear force acts parallel to cross sectional area.

A is cross sectional area of specimen.
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6-2-2 Deformation of Rocks _siuall 8 o sal);

Stress causes strain =&Y and strain results in structures. In geology

we only see the results of stress as it deforms materials. Strain is

defined as the amount of deformation an object experiences

compared to its original size and shape.
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+ Longitudinal, Axial or Linear Strain (Jskll 5 s saal) Jladi)

Strain that changes the length of a line without changing its

direction, can be either compressional or tensional.
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In which, & is dimensionless quantity.

It should be noted that the value corresponding to "True Stress" is
known as "True Strain".
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+ The Behavior of Rock Materials 4 aall 3 gall & slu

1- Elastic 459l

Material deforms under stress but returns to its original size and
shape when the stress is released. There is no permanent
deformation, in rocks it is usually small enough to be considered.
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2- Brittle 4daiiall g ddgl)

Material deforms by fracturing. Rocks are typically brittle at low

temperatures and pressures.
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3- Ductile 4kl

Material deforms without breaking. Rocks are typically ductile at

high temperatures or pressures.
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4- Plastic 4 gall
Material does not flow until threshold stress has been exceeded.
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From Hook's Law; the strain (€) directly proportional to the stress

(o), so that:

~o=Ee

In which;

E:is Young's Modulus or (Elasticity Modulus), measured by Pascal

(Pa=N/m?).
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—> For compression load, when (L<L,) the axial strain (&) is (-ve).

—> For tension load, when (L>L,) the axial strain (&) is (+ve).
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For the "Transverse Strain', which denoted by(er) the rock
specimen will be more thickness [D;>D,] in Compression, and less

thickness[D,<D,] in Tension.

D _Do
M)

The relation between transverse to axial strains is called "Poisson's

Ratio™ and denoted by (w).

Poisson's Ratio(w) always (+ve) value?
For Tension Stress :

8|_>0 = L2>L0 ------ but 8T<O :>D2<DO
.. The rock specimen is longerand less in diameter.
Therefore, (-p) maintained (+ve).

For Compression Stress :

<0 = L<L, ------ but e1>0 =D;>D,

. The rock specimen is shorter and larger in diameter.
Therefore, (-i) maintained (+ve).

Thus; Poisson’s Ratio(u) is positive value of(0.0<u<0.5), and for

most types of rocks ranging in between(0.2-0.3).
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+ Volumetric Strain aaall Jadi)

Let the volume of cylindrical rock specimen before loading (V,):
T

" Vo = —DZLo

o Ve 2 DSL

And after applying loads (V):

'V—ﬂDzL
wV=7

Since;

L=LA+¢)

D = D.(1+ €7)

Then, the volumetric strain (ey):

AVs Ve—V
Y= T T

By substitution, and re-arrangement,

ey = (1 —2p)gy
Based on the assumption that "rocks are incompressible objects "'so

that(A7V=O) l.e. the volume doesn't change (V=V,), and by

substitute [V,-V=0] yields:

0=_~1-2ne
1

L=7

Since, there is no incompressible rocks;
1

u< >
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+ Elastic Modules 4igall Jalza

Each elastic modules describe deformation in rocks under a specific
pattern of loading cycle. There are four types of elastic modules.

a) Young's Modules (E):

o F/A

&E &
Measured by (Pascal=N/m?).

b)Poisson's Ratio (w):
o AD/D
KT AL

Dimensionless quantity.
c) Shear Modules or Modules of Rigidity (G) s23ball 5 (il Jalax;

Sher Stress F/A

~ Shear Strain tan@®
In which;
¢ is the value of the angle of shearing resistance required for a
stability analysis.
d) Bulk Modules or incompressibility (K)adabozailSdl 5l ceaall Jaladll

Y Volume Stress v P
~ Volume Strain AV /V
In which;

P is the pressure (kN/m?).

AV
a=k7
AV =V -V,
1
=%
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