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1 Stress and Strain Components

Stress Tensor (3D)

[σ] =

σxx τxy τxz
τyx σyy τyz
τzx τzy σzz


Strain Tensor (3D)

[ε] =

 εxx γxy/2 γxz/2
γyx/2 εyy γyz/2
γzx/2 γzy/2 εzz


2 Strain-Displacement Relations (Small Deformations)

εxx =
∂u

∂x
, εyy =

∂v

∂y
, εzz =

∂w

∂z

γxy =
∂u

∂y
+

∂v

∂x
, γyz =

∂v

∂z
+

∂w

∂y
, γzx =

∂w

∂x
+

∂u

∂z

3 Stress-Strain Relations (Hooke’s Law)

Isotropic Linear Elastic (3D)

σij = λδijεkk + 2µεij

where:
εkk = εxx + εyy + εzz

In Terms of E and ν

λ =
Eν

(1 + ν)(1− 2ν)
, µ =

E

2(1 + ν)

σxx =
E

(1 + ν)(1− 2ν)
[(1− ν)εxx + ν(εyy + εzz)]
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8 MOHR’S CIRCLE (2D)

4 Equilibrium Equations (No Body Force)

∂σxx

∂x
+

∂τxy
∂y

+
∂τxz
∂z

= 0

∂τyx
∂x

+
∂σyy

∂y
+

∂τyz
∂z

= 0

∂τzx
∂x

+
∂τzy
∂y

+
∂σzz

∂z
= 0

5 Compatibility Equations (3D)

∂2εxx
∂y2

+
∂2εyy
∂x2

=
∂2γxy
∂x∂y

(and cyclic permutations)

6 Airy’s Stress Function (2D Problems)

For Plane Stress/Strain

σxx =
∂2ϕ

∂y2
, σyy =

∂2ϕ

∂x2
, τxy = − ∂2ϕ

∂x∂y

Biharmonic Equation

∇4ϕ = 0

7 Principal Stresses and Maximum Shear Stress

σ1,2 =
σx + σy

2
±

√(
σx − σy

2

)2

+ τ 2xy

τmax =

√(
σx − σy

2

)2

+ τ 2xy

8 Mohr’s Circle (2D)

Center:

C =

(
σx + σy

2
, 0

)
Radius:

R =

√(
σx − σy

2

)2

+ τ 2xy
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10 DISPLACEMENT FORMULATION (NAVIER’S EQUATIONS)

9 Plane Stress and Plane Strain Assumptions

Plane Stress: σzz = 0, out-of-plane stresses negligible

Plane Strain: εzz = 0, used in thick bodies

10 Displacement Formulation (Navier’s Equations)

µ∇2u⃗+ (λ+ µ)∇(∇ · u⃗) = 0
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