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Elasticity and Equation of Motion

• Stress and strain
• Equilibrium conditions
• Equation of motion
• Vector wave equation
• Scalar wave equations
• Applications of wave 

equations

jijii fu ,σρ +=

Assume Infinitesimal Strain Theory

• Transient motions involve small strain where linear-
elasticity holds

• Examples
– Landers: Love wave at 150 km

• Strain = (velocity amplitude)/phase 
velocity=(10cm/s)/(3.5e5cm/s)=28*10-6

– Landers: S-wave at 3 km
• Strain = (150cm/s)/(3.5e5cm/s)=429*10-6

• Notable exceptions
– Geologic deformation
– Near-source / fault-zone deformation
– Transient motions in unconsolidated saturated or unsaturated 

materials
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Typical Uniaxial Compression Test
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Treasure Island

Landers: S-wave at Treasure Island
Strain = 
(150cm/s)/(0.25e5cm/s)=0.006
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Example of Northridge modeling

Newhall, CA 7 km from Mw6.7

ε=(90 cm/s)/(0.7e5 cm/s)=0.0013

What is Strain?
• Definition: length, volume, or angular 

deformation of medium due to applied force
• Linear Strain of a finite rod in tension
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Stress

Surfaces are chosen such that:
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This leads to 9 stress terms, which defines the stress 
tensor

The stress acting on any arbitrary surface, or traction, 
can be found by the product of the stress tensor and 
the normal vector (n) of the plane

Considering the forces on all surface 
to be in equilibrium

x2

x1

n=cosθ1∗x1 + cosθ2*x2
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Constitutive Relationship
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Vector Wave Equation
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