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Special Cases 

In general τ ij = λeii eijδ 2+ µij 

Plane stress: (e.g., τ zz 0,
 =τ xz 0 )
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Solving for strains: 
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Note: 

 Plate stress →  Plane strain 
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E 
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Plane stress: (e.g., τ 33 = 0) 
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Figure 15.1 
Figure by MIT OCW. 

1 e11 = (τ11 −ντ 22 )

E

1 e22 = 
E

(τ 22 −ντ11) 

e ν

33 = − E

(τ11 + τ 22 )


Tectonic Stress – Often plane stress is useful (3D →2D). 

Assume mostly in plate stress 

 Assume 



τ = −ρgz (lithostatic) zz 

τ = −ρgz + ∆τxx xx 

τ = −ρgz + ∆τ yyyy 

The non-lithostatic (as opposed to deviatoric) stress: 

τ ' = 0 ⎫ zz ⎪
τ ' = ∆τ ⎬ plane stress xx xx 

⎪τ ' = ∆τ yy ⎭yy 

Assume for simplicity ∆τ = ∆τ yy =σxx 

= 
(1 −ν)σ ⇒ compression for σ compression e11 = e22 E 

2ν e33 = − σ ⇒ extension for σ compression 
E 

δρdilation θ = (2 − 4ν) σ = −
E ρ 

Look at the change in lithostatic pressure at a depth h → h+δh = h(1 − 2ν σ )
E

ρgh → (ρ +δρ)g(h+δh) 

Plane stress, σ1 =σ 2 =σ 
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Figure 15.2 
Figure by MIT OCW. 



ε = ε2 = 
(1 −ν)σ1 E 

−2νε3 = σ 
E 

θ = ε1 +ε2 +ε = 
(2 − 4ν)σ = 

2(1 − 2ν)σ3 E E 

δρ δVNow to conserve mass, = − =θ
ρ V 

New lithostat: 

δτ = −(ρ +δρ)g(h+δh) + ρghzz 

= (1 +θ)g(1 + 
2ν σ )ρh − ρgh
E 

2ν 
= (θ + σ )ρgh

E


δτ 2(1 −ν) ρgh
zz = 
σ E 

Use 
ν = 0.25 
E = 100 GPa = 1 Mbar 
h = 100 km 

3ρ = 3 Mg/m = 3 g/cm3 

δτ zz = 
2(1 −ν) ρgh ; 5%

σ E 
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