Lecture 6

Relation of Rupture to Stress

The stress acting at a point may be referred to three
mutually axes known as the principal stress axes.

G, - greatest principal stress O1

G, - Intermediate principal stress

O, - minimum principal stress ' O3
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Properties of stress axes.(o,, 6,, and o) .

All three principal stresses can be compressive ,or tensile or various
combination as possible.

-These are oriented perpendicular to each other and 61 > 62 > 63

-Mean stress is (61 + 62 + 63)/3

-Differential Stress( Stress Difference) is the algebraic difference
between the maximum (cl) and the minimum (¢3). 16 61-63

-1f the differential stress exceeds the strength of the rock, permanent

deformation occurs.
-The length of an axis Is related to the magnitude of the stress.



Concept of Stress Difference or Differential Stress.
A few specific example will illustrate these concept.
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+1000 kg/cm? compressive stress
o) .
1 Stress Difference= ¢,-0,=

” 1000-1=999 kg/cm?

05 _+1kg/cm? ¢ s¢ly ddalas
O3

o, compressive stress
+2000 kg/cm?

Stress Difference= ¢,-0,=
2000-500=1500 kg/cm?

O3

+500 kg/cm?
“ Hydrostatic pressure
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If a tensile stress of 1000 kg/cm?is applied to the ends of the cylinder , the sides
of which stress is are confined by air

The least principal is -1000 kg/cm? ,whereas the greatest principal stress is 1
atmosphere , that is 1 kg/cm2.

The stress difference isf

Another example : if the sides of cylinder are subjected to a hydrostatic
pressure of 500 kg/cm? ,whereas the ends are subjected to a tensile stress of
2000kg/cm?,thye least principal stress is -2000 kg/cm?,wkereas the greatest
principal stress axis is +500 kg/cm? .the stress difference is 1
kg/cmz2,because the greatest is compressive ,the least is tensile.
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If the differential stress exceeds the strength of the rock,

permanent deformation occurs .
Jile mhaas e slga¥) Jilas S

Normal stress, o,
and, shear stress, G,

Normal compressive stresses tend to
inhibit sliding along the plane and are
considered positive if they are compressive.

Normal tensional stresses tend to
separate rocks along the plane and values

are considered negative.

Shear stresses tend to promote sliding along the
plane, labeled positive if its right-lateral shear and
negative Iif its left-lateral shear
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o= (0,+0,)/2-(c,-05)/2 cos20 .
o, = (0,-0,)/2 sIn20
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Sin 0=0.... Cos 0 =1 sin90=1 Cos 90 =0 ..Sin 180=0...Cos 180 =-1
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o, =( (o,+0;)/2-(0,-05)/2) *cos20
o= (0,+03)/2+(0,-03)/2 # i
o = (0,+¢;+0,-¢;)/2 .= (2o,)/

7 RERREIENy ST Gn= 61 19 L) 26




Max : Maximum stress axis Min: Minimum stress axis
AN algaN! e Sa AlgaNi aaa

Sin 0=0.... Cos0=1 sin90=1 Cos90=0..Sin180=0...Cos 180 =-1
o, = ((6,-65)/2) sin20  6,=( (0,+065)/2-(5,-05)/2) cos20

t=0 t = Max t= 0
n=min n = Mean n = Max
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Stress Ellipse and Stress Ellipsoid 2a¥) zlal a 5484
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Stress Ellipse and Stress Ellipsoid ey gl o seis

In 2D dynamic analysis ,the stat of stress represented by stress ellipse.
The long axis of the ellipse is referred to as the axis of great principal stress ; o,

The short axis is known as the axis of least principal stress O3

Direction of 8Direc’[ion of
Greatest Principal Least Principal
Stress Stress

In 3D dynamic analysis ,it is the stress ellipsoid
That provides the description of the stress at a point.
In addition to the axes of greatest 5; and least principal o,

, the stress ellipsoid is characterized by an axis of mtermedlate
Prmmpal o, which is oriented perpendicular to the

plane containing G4 ,,,4 O3
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Stress State

If the 3 principal stresses are equal in magnitude = isotropic stress G, = G, = Oy
Here the state of stress is represented by a sphere, not an ellipsoid.

If the principal stress are unequal in magnitude = anisotropic stress
Here the greatest stress is called o, The intermediate stress, o, and minimum stress

Is called
o G, > Oy > O3

By changing the relative values of the three principal stresses we define several common
stress states:

General triaxial stress G1> 05> O3 £ ()
Biaxial (plane) stress One axis =0
e.g.0,>0> oy
Uniaxial compression c,> 0;0,= o03=0
Uniaxial tension 6;= 0, =0; 03<0

Hydrostatic stress (pressure) 0, =0, = Oj



Mohr circle for Stress alga2d )a g0 3 il

The relation between stress and rupture may be determined graphically by moher stress
circles. The accompanying diagrams are based on triaxial compression test.

The ends of cylinder under confining pressure are compressed,
thus the greatest principal stress axis, o, paralle, to the axis of the cylinder,
where ¢, =and o, are equal

z :'_.. Steel

Fluic : : :
(oilf;C Fluid supplies confining

pressure (G, = G;)

Rubber or plastic
coating ,
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O, (t) Mohr circle for Stress 230 Ja 5e 3 )i
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Mohr circle for Stress a3l A ga 330

DA (e o 50 L e RALEI) cldlaal (e
o (1) GLSs g e salinay)

k R(o, o)

Gsvcl Gn (n)

(-) 6. = tension (+) o,,= compression

2
14 A i a0 Q9UU 26



g I e (oadll Agal) g (53 gardl Algal) ZUEL) AR e Sy Eua Baa 5 4t Jiay Gl JE) )
ol ga¥l ) e pa sl Lgziiay
Cuny pealall Jazall (pe Adlidg sy pladll e dii o) jal) aag Aol GlalgaW) a2 ol KN i) G lia paat (i
S (81) sl sen¥! dim 5 (a5 ((83)( V) sl Tescall i &4 pad IS (B s ol ity (o M Ayl et
DA g Jaladie JCEET 4 jan ST a9 B 0 ) AL e e adaddd &Y ) ) e aisl) o8 Jaiid o o5 ey, el sdie Jaany
PP L4 5 e (- R DU APON

Og
200 03 o1
03 o1
MPa 100 53 &1
03 o1
00 {Tn
Q% A 4 il /’
03 o1
00 100 200 300 400 500 600
MPa
< >

5 Tensile Stress éﬁmpressjgg@gggss 19 4 26



Cohesive strength <ladaill 3 68 Cilua
Angle of internal friction (A3l lia¥) 4,403
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*The normal and shear stress values of brittle
fallure for the rock is recorded (POINT OF
FAILURE)

Os

S Sgmmmmm

After a series of tests, the points of res are
joined together to define a FAILURE ENVELOPE
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Mean Stress and Deviatoric Stress
In a system with unequal principal stresses 61, 2 and o3 it is convenient to recognize a mean

stress,which represent the hydrostatic stress component of field stress .the remaining part of stress
Is refered to as the deviatoric stress components.

so we subdivide the stress into two components, the mean stress and the deviatoric stress.
The mean stress is defined as (61 + 62 + 63)/3, using the symbol om.
The deviatoric stress (cdev), is the difference between mean stress and total stress .
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(a) Mean stress causes volume change and  (b) deviatoric stress causes shape change.
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6'1(deva.)=861-6m or(261-62-63)/3

Where Gcqn [0 + 0, + 035)/3

6'2(deva.)=862-6mor(262-61-63)/3

6'3(deva.) =863 —-6m or(263-61-62)/3
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Hydrostatic (or mean) Stress

The mean stress is often called the hydrostatic component

of stress or the hydrostatic pressure, because a fluid is

stressed equally in all directions. Because the magnitude of the
hydrostatic stress is equal in all directions it is an isotropic stress
component

Properties:-

Has no shear stress component

All principal stresses are equal (c1= 62= 63)

Changes the volume (or density) of the body under stress
As depth increases, the hydrostatic stress on rocks increases
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SHAPE of the body
remains the same.
SIZE changes

Increased mean stress

29 Al Gald aw s 19 L 26



%Qﬁ‘@
= (w) = ) €
O

ﬁ@

Increased Deviatoric Stress

Shape of the body changes.
Size remains the same
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Example - Deviatoric & Mean stress

Given: 6, =8 Mpa, 6, =5 Mpa, and 6; =2 Mpa
Find the mean and the diviatoric stresses

The mean stress (G,,):
G,=(8+5+2)/ 3 =5MPa

Odev (Gn’ ) = Giotal = Omean
The deviatoric stresses (G, ):
(compressive) o, =8-5= 3 Mpa
o, =5-5= 0 Mpa
(tensile) o, =2-5=-3 Mpa
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STRESS TRAJECTORIES AND STRESS FIELDS until now we have been considering stress at a point,
but normally stress will vary through out a rock body.

By connecting the orientation of principal stress vectors at several points in a body, you obtain
trajectories that show the variation in orientation of that vector within the body, which are called
Stress Trajectories.

Generally, stress trajectories for the maximum and minimum principal stresses are drawn, and a
change in trend means a change in orientation of these principal stresses.

Collectively, principal stress trajectories represent the orientation of the Stress Field in a bodly.

In some cases the magnitude of a particular stress vector is represented by varying the spacing
between the trajectories. An example of the stress field in a block that is pushed on one side is
shown in the Figure. If the stress at each point in the field is the same in magnitude and
orientation, the stress field is homogeneous;otherwise it is heterogeneous,

The orientation of stress trajectories under natural conditions typically varies, arising from the
presence of discontinuities in rocks, the complex interplay of more than one stress field (like
gravity), or contrast in rheology.

T 1T 1 T 1

S S B e o S Y ey S

D a) Theoretical stress trajectories of o1 (full
___I,;'T_‘_‘Ij_'_-_:ji-.f_f"____ﬁ;_”1:,;"'----;;L___E,fZ'“'_;*“-w-_?i’w._'“%— ™ lines) and o3 (dashed lines) in a block that is
Tl T I/ ie—= " pyshed from the left resisted by frictional forces
at its base. Using the predicted angle between
maximum principal stress (c1) and fault surface
of around 30° (Coulomb failure criterion ,we can
predict the orientation of faults, as shown in (b).
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TERMINOLOGY AND SYMBOLS OF FORCE AND STRESS

Force :-Mass times acceleration (F = m - a; Newton’s second law); symbol F

Stress :-Force per unit area (F/A); symbol ¢

Anisotropic stress:- At least one principal stress has a magnitude unequal to the other principal

stresses

(describes an ellipsoid)

Deviatoric stress :-Component of the stress that remains after the mean stress is removed,; this

component of the stress contains the six shear stresses; symbol cdev

Differential stress:- The difference between two principal stresses (e.g., 61 — 63), which by

definition is >0; symbol od

Homogeneous stress ;-Stress at each point in a body has the same magnitude and orientation

Hydrostatic stress/pressure :-l1sotropic component of the stress; strictly, the pressure at the base
of a water column

Inhomogeneous stress :-Stress at each point in a body has different magnitude and/or orientation
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Isotropic stress:- All three principal stresses have equal magnitude (describes a sphere)
Lithostatic stress/pressure :-1sotropic pressure at depth in the Earth arising from the
overlying rock column (density xgravity x depth, p - g - h); symbol Pl

Mean stress:- (c1+62+63)/3; symbol ¢ mean

Normal stress:- Stress component oriented perpendicular to a given plane; symbol on
Principal plane :-Plane of zero shear stress; three principal planes exist

Principal stress:- The normal stress on a plane with zero shear stress; three principal
stresses exist, with the convention 61>62>c3

Shear stress:- Stress parallel to a given plane; symbol cs (sometimes the symbol 7 is
used)

Stress ellipsoid:- Geometric representation of stress; the axes of the stress ellipsoid are
the principal stresses

Stress field :-The orientation and magnitudes of stresses in a body

Stress tensor:- Mathematical description of stress (stress is a second-order tensor)

Stress®trajectory :-Principal stress directiohs-tn a body 1944126
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Homogenous Field Stress:
If the stress at each pointin the field is the same in magnitude

and orientation, the stress field is homogeneous; otherwise it is
heterogeneous

Homogeneity and heterogeneity of the stress field
should not be confused with isotropic and anisotropic

stress.
Isotropic means that the principal stresses are equal (describing a sphere),

whereas
homogeneous stress implies that the orientation and shape of the

stress ellipsoids are equal throughout the body.

In a homogeneous stress field, all principal stresses have the same orientation and
magnitude.

The orientation stress trajectories under natural conditions typically of
varies, arising from the presence of discontinuities in rocks
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