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Theory of Elasticity

1 Plates in plane stress
2 Plates in bending

Finite Elements in Structural Analysis
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A plate in plane stress is a plane structure

which is loaded or exposed to stresses in its plane.

1 Plates in plane stress  / 1.1 Load-bearing behaviour

Definition
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Displacements: u, v

1 Plates in plane stress  / 1.2 Stresses and strains
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Strains and shear angles:   

1 Plates in plane stress  / 1.2 Stresses and strains

xyyx ,, γεε



Prof. Dr.-Ing. Horst Werkle

Finite Elements in Structural Analysis 01/23
5

x

z

M
V

positives Schnittufer
x

y

yσ

xσ
xyτ

yxτ

yxxy ττ =

Balken Scheibe

Sign convention of section forces in Beams:
Section forces in beams and shear forces in plates are positive when they act in the 

positive coordinate direction at the positive face of an element. 

Sign convention of stresses:

Stresses are positive when they act in the positive coordinate direction at  the positive 

face of  an element.  At a positive face the outward normal vector is in direction of the 

positive coordinate.

Sign convention of Stresses and section forces   

1 Plates in plane stress  / 1.2 Stresses and strains

Beam Plate in plane stress

Positiv face
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Strain in x - direction:                                                  Strain in y - direction:
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Material law    

1 Plates in plane stress  / 1.2 Stresses and strains

Transverse

strain
Linear

strain
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Shear angle:
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Material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Hooke’s law:

(after matrix inversion or solving

of equations for σx , σy , τxy )

x x

y y2

xy xy

1 0
E

1 0
1

1
0 0

2

D

 
     
    
 =        

−     −         
 

 =  

x x

y y

xy xy

1 0
1

1 0
E

0 0 2(1 )

    −  
    
 =  −      
    +         

Strains due to Stresses:

Material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Plane stress

Stresses normal to the plane of 

the plate are zero.

Example:

Reinforced concrete deep beam

Two-dimensional material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Plane stress

Two-dimensional material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Example: Dam

Two dimensional slice

of a dam

εz = 0
εz

Strain normal to the plane is zero

Plane strain

Two-dimensional material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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(εz = 0)
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Plane strain

Two-dimensional material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Definition

Orthotropic materials possess different elastic properties (E, G) 

in two perpendicular directions.

Hooke’s law

• plane stress

• plane strain

Examples

• Wood

• Orthotropic soils

Hooke‘s law for orthotropical materials

Plane strain

Two-dimensional material law    

1 Plates in plane stress  / 1.2 Stresses and strains
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Infinitesimal element

Equilibrium conditions    

1 Plates in plane stress  / 1.2 Stresses and strains

Distributed load

Thickness of the

plate in plane stress
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Equilibrium conditions    

1 Plates in plane stress  / 1.2 Stresses and strains

Distributed load

Thickness of the

plate in plane stress
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( )i x x y y xy xyW t dx dy=    +   +   
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Force : t dy

Virtual displacement : dx

Internal work : t dx dy





 

 



  

Example: 

Strain in x-direction

ai WW =

Principle of virtual displacements    

1 Plates in plane stress  / 1.2 Stresses and strains
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Notation: in one dimensional case
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Principle of virtual displacements    

1 Plates in plane stress  / 1.2 Stresses and strains
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End

1 Plates in plane stress
Plates in bending
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