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OBJECTIVES

• State the displacement field the cross-section of a in a thin-

walled beam

• Calculate normal stresses field in open and closed cross-

sections

• Calculate normal stresses field in multi-cell cross-sections
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Bending and shear of open and closed, thin-walled beams (I)
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Introduction

Cross-section of a thin-walled beam
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Introduction
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Normal stresses

Shear stresses
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Neutral axis

2 2
0

     
    

   

y xy xy x

x y

x y xy x y xy

y I x P y P x IN
M M

A I I P I I P

       , , o

z z y xu x y z u z z x z y     

Previous knowledge (Introduction to Structural Analysis)
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Kinematics
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Kinematics
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Constitutive equation

Neglecting normal 
nonaxial
stresses

Operating as in solid sections
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Normal stresses
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Shear stresses
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Shear stresses

Equilibrium equations 
in z direction
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Shear stress
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The distributed loads in z direction are neglected
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Shear stresses

The distributed loads in z direction are neglected
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Shear stresses
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Shear stresses in open sections

Open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section
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Shear stresses in open sections

Example: open section



Authors: Enrique Barbero Pozuelo, José Fernández Sáez, Carlos Santiuste Romero 

h

e

b

e´

Qy

1

´
1

e

h

e

b





q(s)
x

y

Shear stresses in open sections

Example: open section
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Single-cell closed section
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Single-cell closed section

Shear stresses in closed sections
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Cálculo de tensiones tangenciales

Single-cell closed section
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Shear stresses in closed sections
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Shear stresses in closed sections
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Single-cell closed section
Example

Shear stresses in closed sections
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Shear stresses in closed sections
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Shear stresses in closed sections
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Shear stresses in closed sections



Authors: Enrique Barbero Pozuelo, José Fernández Sáez, Carlos Santiuste Romero 

Qy

1

23

4 5

s

s1

s2

s3

s4

     
2

* 4
4

0
8 2

s

ex

s ee h
m y s e s ds s h


       

zone 5-1

   
2

4
4

8 2

y

x

Q s ee h
q s s h

I

 
      

 

s3

s4

y

x

y

Single-cell closed section
Example

Shear stresses in closed sections
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Open section

Closed sections
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