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STRESS

1. The tensor is symmetric
2. It can be diagonalizable
3. For any surface, it is always possible

find a system of reference respet to 
which the stress has only normal
components – these are the principal
components
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In axis components, normal

Off-axis components, tangential
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The principal stresses represent the maximum 
and minimum possible values of the stress 
tensor expressed in any frame or reference

Stress tensor

Stress tensor written in terms of 
principal stress components
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In linear algebra, an eigenvector or 
characteristic vector of a linear 
transformation is a nonzero vector that 
changes by a scalar factor when that 
linear transformation is applied to it. The 
corresponding eigenvalue is the factor 
by which the eigenvector is scaled.

If is such that its tangential, off-axis 
components are zero, then applied to 
any surface vector will result in a stress 
vector that has the same direction of the 
original 

This is an eigenvalue problem
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In 2d coordinates
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In 3d coordinates
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Find the principal stresses and principal axes for:
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For the equilibrium, it has to be that
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STRAIN

The strain is a tensor
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Compatibility
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LINEAR ELASTIC MATERIAL

Elastic constitutive matrix

For an elastic, istropic material

Young’s modulus

Poisson’s ratio
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Young’s modulus
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Poisson’s ratio
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Viscoelasticity
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 When a body is suddenly strained and then the strain is maintained 
constant afterward, the corresponding stresses induced in the body 
decrease with time. Relaxation.

 If the body is suddenly stressed and then the stress is maintained
constant afterward, the body continues to deform. Creep.

 If the body is subjected to a cyclic loading, the stress-strain relationship
in the loading and unloading phases are different. Hysterisis.

 Collectively, these phenomena are called features of viscoelasticity.



Viscoelasticity

2021

Relaxation Creep
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Hysteresis

Energy lost
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Maxwell
model

Voigt
model

Standard linear
model

dashpot

spring
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Maxwell model
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Creep functions

Maxwell model

Voigt model

Voigt model
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Bonds



Potential energy

In physics, potential energy is the energy held by an object because of its position 
relative to other objects, stresses within itself, its electric charge, or other factors

The work done by a conservative force

The negative sign provides the convention that 
work done against a force field increases potential 
energy, while work done by the force field 
decreases potential energy.

Notably, a force 
is derivable from 
a potential as…
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Ionic bond

Ions are atoms or molecules which are electrically charged. Ions form when atoms gain or 
lose electrons. Ionic bonding is the attraction between positively- and negatively-
charged ions. When many ions attract each other, they form large, ordered, crystal lattices 
in which each ion is surrounded by ions of the opposite charge. Generally, when metals 
react with non-metals, electrons are transferred from the metals to the non-metals. In the 
overall ionic compound, positive and negative charges must be balanced.
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Lennard-Jones potential

The Lennard-Jones potential is a simplified model that yet describes the essential 
features of interactions between simple atoms and molecules: Two interacting particles 
repel each other at very close distance, attract each other at moderate distance, and do 
not interact at infinite distance.
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Covalent bond

A covalent 
bond is a 
chemical bond t
hat involves the 
sharing of 
electron pairs 
between atoms. 
These electron 
pairs are known 
as shared pairs 
or bonding pairs, 
and the stable 
balance of 
attractive and 
repulsive forces 
between atoms, 
when they share 
electrons, is 
known 
as covalent 
bonding.
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Metallic bond

Metallic bonding is a type of chemical bonding that rises from the electrostatic 
attractive force between conduction electrons and positively charged metal ions. It 
may be described as the sharing of free electrons among a structure of positively 
charged ions.
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Secondary bonds

Secondary bonds are bonds of a different kind to the primary ones. They are weaker 
in nature and are broadly classified as Van der Waal's forces and hydrogen bonds. 
These bonds are due to atomic or molecular dipoles, both permanent and temporary.

Van der Waal's forces are of two types.

The first type is as a result of electrostatic 
attraction between two permanent dipoles. 
Permanent dipoles are formed in asymmetric 
molecules where there are permanent positive 
and negative regions due to difference in 
electronegativities of the constituent elements. For 
example, water molecule is made of one oxygen 
and two hydrogen atoms

The second type of Van der Waal's bond is formed due to temporary dipoles. A 
temporary dipole is formed in a symmetric molecule but which has fluctuations of 
charges giving rise to partial dipole moments for only a few moments.
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Secondary bonds

Hydrogen bonds are relatively stronger than Van der Waal's forces but compared to 
primary bonds they are weak. Bonds between hydrogen atom and atoms of the most 
electronegative elements (N, O, F) are called hydrogen bonds. 

It is based on the fact that 
hydrogen being the smallest 
atom provides very little 
repulsion when interacting 
with highly electronegative 
atoms in other molecules and 
thus succeeds in forming 
partial bonds with them. This 
makes hydrogen bonds 
strong but weaker compared 
to primary bonds since the 
interactions here are 
permanent dipole 
interactions.
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Comparison between different bonds

Type of bond or attraction Range of bond energies, kJ/mol

Ionic bonds 700-4000

Covalent triple bonds 800-1000

Covalent double bonds 500-700

Covalent single bonds 200-500

Metallic bonds 68-850

Dipole attractions between molecules 40-400

Hydrogen bonds 10-40
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