
 

Governing equationsofelasticity
equalibruinequations stresstransformation
compatibility equations straintransformation
constitutive equations materialmodel

Majorityof engineering materials

homogenous properties arethesamein all locations
isotropic propertiesarethesame in all directions
linear linear relationshipbetweenstress strain
elastic no energy is lost in deformation

CauchyStrain StressTensors
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Strain Energy Hooke'sLaw
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2 Applyingstressoyywhilemaintainingstress oxx
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Repeat processapplyingoyyfirstthen oxx
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same result i strainenergy independentoforderof application
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Using mathematical approachto isotropicmaterials toocomplete
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ConsiderBi Axial StressState
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Directstrains
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Superimposing two uni axial strains
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Exx t VEyy for bi axial stressstate
only applies to uniaxial

ShearStrains
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combiningintomatrixformulation no linkbetweenapplied shearstress
and direct strain
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for isotropicmaterialsdesertandshear
strain's decoupled

no linkbetween applied direct
stress and shear strain

principal

dereitionsfor
stress strain
coincide

Shear Modulus

forisotropicmaterials shearmodulus G is not independent

cansee this if we consider that pureshear biaxialstressat450

Shearstraindue to pureshear
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Oyy Osca 0 or pureshear

shearstraindue to equivalent directstresses
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equating both strains 1 2
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for an isotropic linear elasticmaterial underplanestress

compliance matrix

4 inverse
Constitutativeequations
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Stiffnessmatrix

PlaneStress us Plane Strain

expressionsfor through thickness stress strain Oa Ea

plane Stress Ozz Taz Tyz O
stresses in y

through thickness strain t O E22 x direction
result in out
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Plane Strain Eez 8 2 8yz O
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Ozz V oxx toyy shows toensure coreofplane
strain youneed through thickness
stress 022

BulkModulus

Onlyneedtwoelasticconstants to describe a material'sproperties

E v used in engineering

byderivingbulk modulus R we cangetfurtheruisight intomaterialproperties

Volumetricstraindescribeschange in materialvolume
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Bulkmodules relates sphericalstressto volumetricstrain
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Looking at bulk shear moduli bothstiffnesses
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for realisticmaterials shear bulk modules mustbe positive finite
bounds Poisson's Ratio values V E L t 0.5

mostengineering materials

V E 0.2 0.5
Poisson Extremes

V 0.5 infinite bulkmodules incompressible eg rubber

V O eg cook doesn't expand in normaldirectiontoappliedstresses
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