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Continwum Mechanics and Rheology

ED ANSWER
uestion
- a) List the gy‘mss;zaé roperties of isotropic and anisotropic elastic materials, and give examples

2,

y Define the quantities "Young's Modulus” and "Poisson's Ratio” used to specify the elastic

behaviour of isotropic materials.

Write down a set of equations giving the 3-D strain response of an isotropic elastic sohd

subjected to a state of stress defined by the principal stresses Gy, O3, O3,
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A block of isotropic quartzite (Young's Modulus E=3 x 10'°Pa, Poisson's

subjected o a state of stress defined by the tensor

[90 0 @E
f H
L0 0 30 ]

where compressive stress is taken as positive.

Calculate the resulting state of elastic strain, writing your answer in tensor notation.

Worked Answer

aﬁ

Ed

The principal properties of isotropic elastic materials are as follows:

~ The elastic constants (such as Young's Modulus E or shear modulus G} are independent
of  direction.
= The principal stre are parallel fo the principal sirains

~ Under elevated hydrostatic pressure P, a sphere of elastically isotropic material
compresses to a smaller sphers
= A bar of isofropic material can be stretched uniaxially without shearing, and can be bent

% Li

without twistin 14




Continuum Mechanics and Rheology

11y anisotropic materials possess the following principal properties:

- The elastic constants depend on orientation and are related to material symmetry.
The principal stresses are generally not ?83‘&? 1 to the principal strains.

- Under elevated hydrostatic pressure, a spher omes an ellipsoid.

- A bar of anisotropic material will generally s%zﬁzi? hen stretched and twist when bent.

1

Examples are given below.

38

e Elastically anisofropic materials: polycrystalline solids with a well-developed

single crystals.

[
s

elastic material as Hllows-

crystallographic preferred orientation (e.g. strongly deformed rocks or metals), foliated or
layered rocks (e.g. slates or laminated sediments) anisotropically cracked materials, all

 Young's modulus (E) and Poisson's ratio (v) are defined for uniaxial loading of an isotropic

E = oy/e = do/dg, = slope of the linear stress (o) versus axial strain (e;) curv

g

obtained in unizxial lo

v o= -gyfe, where €, = g; is the lateral strain obtained in uniaxial
loading,

¢) The 3-D strain response of an elastically isotropic material is written

g = [VE{o/v-06;-0639)

L

g = [VEJ(Gav - &1 - 53)

=2

e e e e - : Ba g, i .
where the g; are the principal strains and the o, are the principal stresses,
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Continuum Mechanics and Rheology

4.11 MODEL ANSWER TO A PREVIOUS EXAM QUESTION

How to SCORE in your exam!
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 Write down the Coulomb criterion for shear failure of isotropic rock when pore fl

QUESTION

Explain what is meant by the term "failure criterion”.

present at pressure Pr. Identify all terms!

I

Write down an expression giving the failure plane orientation implied by the

criterion.

The earthquake of 1992 on the Peelrand fault near Roermond occurred at a d
km. Noting that the Peelrand fault is a normal fault bounding a graben s
assuming that the fault is characterized by a cohesive shear strength of 1 Mﬁ?g »

coefficient of internal friction of 1/2, estimate the horizontal stress (G3) associated w
of the f‘“&?‘éﬁ%‘iﬁﬁiﬁ@ (These data are based on experimental data for long-in
z:gig},

et "
gzg%;

nealed

M"}*}

1‘@;%

HINT: Assume that 6, is subvertical and equal to the lithostatic overburden pressure (p=p
at h = 23 km depth, and that the pore fluid pressure at that depth is 0.8 p as freque

observed in boreholes. Take the density (p) of the overburden to be 2500 kg/m® and g =

ms~,

Comment on the depth at which the Roermond earthquake occurred.

ANSWER

failure criterion is a mathematical relat

brittle failure of a material o
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Continuum Mechanics and Rheology

Hence we can write, for the fault, the Coulomb criterion

=1+ (1/2)(c, - Py (MPa)

In addition, from the equations for 2-D

shear stress (1) and normal stress (oy) on the fault plan

b 2 £ . . < -

4 L« R s 2 (o - o4 :

J— - s P % e > o L i 27 P /A%

Z{ﬁ; - ©3)8in28 = 14 ?é 5 , 5 cos?8 - gﬁfg}. 4
R £

2o

o1 (vertical) = pgh = (2500)(10)(23000) = 575 MPA

and from the Coulomb criterion (egn. 1)

Putting these values for oy, Prand 26 into {(4) now yields

. 375+ o3 (575 - &)

7 & 5 o0 = | Ed A

(575 - ©3)(0.89) = 2 + 7 + . [(-0.45) - 460
AN 9 7
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e) The Roermund earthquake occurred well below the depth of 10-15 km at which the brittle-
ductile transition normally occurs. This could reflect either usually low values of o at depth
(perhaps caused by an acceleration of crustal extension) or unusually high values of Pe. Both

could cause brittle %ﬁu‘e at depths where ductile behaviour is normally expected. Another
possible explanation is an unusually low geothermal gradient, giving a deeper brittle-ductile

transition. However, the geotherm is not unusually low in the Rhine-graben region.

4.12. Eg%é‘ T OF PORE FLUID PRESSURE %f%%é’ LASTIC BEHAVIOUR

k under upper crustal A sﬁwsawaﬁééa}

re %\% g} on elastic %g%@z%

d pressure we have already

z;%ézez@ oy is the g?@é?* applied to the rock, & fx%;;sf: E’@aiﬁ%ﬁé‘?}g strain, 7 is the g%z»zz modulus and X
the bulk modulys of the bulk dry rock. If 'é"%zs.z rO ¢k is porous and pore flnd is ﬁgﬁd%cei

pre %g%ﬁs Py, the normal components of (effects ‘%’ﬁé s?s%gg supported by the s&i‘sé, framework %&ggg\
be ?@é@zagé éz;%%f an amount Pr. Thus, the mean {g%ﬁsm’ﬁé normal stress will @E’gaaga by an amount

Ao = - ?; E’%z@ %E; produce an ;ga;%ifé?x; elastic %‘é’ﬁiﬁ’ﬁﬁiﬁ‘? g?gﬁamza strain given (from the

mgﬁﬁﬁm‘é ofKyas

olumetric contraction of the grains (solid
of the bulk modulus of the grains, Kz}




