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Material Properties

For steel

For aluminum

For brittle material

For fiber composite



The static tension stress-strain diagram

• Modulus of elasticity (E): defines the material
stiffness or the ratio between the stress and strain (slop
of stress-strain diagram).

• Poisson’s ratio (𝜈): defines the ratio of the strain in
direction normal to the stress direction to the strain in
direction of the stress.

• Tensile yield stress (𝜎𝑡𝑦): the maximum stress that can

be applied to the material before it starts to change
shape permanently.

• Ultimate tensile stress (𝜎𝑡𝑢): is the stress under the
maximum load a material can carry.



Bending stress

➢ Plane sections remains planes after

bending, but they rotate w.r.t each other.

➢ After applying stresses, the top fiber are

shortened and the bottom fibers are

elongated.

➢ At certain plane on the cross-section, the

fiber suffer no deformation and no

stresses, and this location is referred to as

the neutral axis.

Unstressed 

section

Stressed 

section



Location of Neutral axis

The neutral axis passes through the

centroid of the cross-sectional area

when the material follows Hooke’s

law and there is no axial force

acting on the cross section.



Equation of bending stresses

Assumptions:

➢Straight cantilever beam with
constant cross-section.

➢The beam subject to pure bending
such that no torsion moments applied.

It is required to determine the neutral
axis direction and the bending stress at
any point within the cross-section.



Equation of bending stresses
Element area



Equation of bending stresses



Equation of bending stresses



Equation of bending stresses



Equation of bending stresses

The bending stresses about symmetric x and

y axes (Principal axes),

If the section is symmetric and 𝑀𝑥 = 0, then 

𝜎𝑏 = −
𝑀𝑦𝑥

𝐼𝑦

If the section is symmetric and 𝑀𝑦 = 0, then 

𝜎𝑏 = −
𝑀𝑥𝑦

𝐼𝑥



Process for calculating the Neutral Axis 
position
1. Define the stress equation to equal to zero.

2. Then,

Which applies to any point on the neutral axis.

3.   The neutral axis equation is

=
𝑦

𝑥



Neutral Axis and centroid

➢Neutral axis passes through the centroid.

➢Centroid depends only on the section geometry.

➢The neutral axis depends on the loading condition in addition to the
section geometry

ҧ𝑥 =
׬ 𝑥 𝑑𝐴

𝐴
=
σ𝑖=1
𝑁 𝑥𝑖𝐴𝑖
σ𝑖=1
𝑁 𝐴𝑖

=
𝑦

𝑥

The centroid is important to determine the section moment of

inertia and the neutral axis is important to determine the

maximum stresses or the section stress distribution.



Exercise Problem – Bending stresses

For the wing portion shown in Figure. 

Calculate the bending stresses at stringer 1, 

9, 12?



Exercise Problem – Bending stresses

In the previous solution



Stresses on beam above the elastic range

➢In some cases, an airplane experience loading
conditions that is above the elastic range of the
aircraft material.

➢In this range the material stress-strain curve is
nonlinear, and the previous stress formulation is
not applied.

➢Experimental tests show that even the stress is
nonlinear, plane sections after bending remains
planes, i.e. the strain is still linear.



Example - Nonlinear stress

Then the problem will be solved using trail and error Neutral 

axis is assumed 0.0375 above the centerline axis



Example - Nonlinear stress



Example - Nonlinear stress
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