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Mechanical 
Characteristics of Fibers

Fibers Viscoelasticity

Dynamic Mechanical 
Characteristics of Fibers

Surface characteristics of 
fibers
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Complications

• Range of validity of linear viscoelasticity is very narrow
(deformation limit is less than 1%). Practically all experiments
are above this limit. Therefore, the evaluated parameters are not
material constants.

• Under influence of external forces, the fiber structure
permanently changes (change of orientation, crystallinity etc.).

• Polymeric fibers – during formation processes subjected to
severe temperature and deformation actions. Thermal and
deformation history have (due to “memory effects”) certain
influence on the results of mechanical experiments.

• Structural changes responsible for change of mechanical
(viscoelastic) behavior of fibers are often not directly
experimentally evaluated.
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Stress
• Stress is the thermal resistance of a material to the distorting 

effects of an external load. The total resistance is equal to the 
external load. This resistance is known as Stress.

• Stress (σ) can be equated to the load per unit area or the force (F) 
applied per cross-sectional area (S) perpendicular to the force;

σ =
𝑭

𝑺

σ = stress [Pa] i.e. Pascals = Newtons per m2; or [psi] = lbs of force per in2

F = applied force [Newton] or [lbs of force]

S = cross-sectional area [m2] or [inch2]
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Relative load
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Stress

Types of Stress

Tensile stress

This is the type of stress in 
which the two sections of 

material on either side of a 
stress plane tend to pull apart 

or elongate

Compressive stress

It is the reverse of tensile stress. 
Adjacent parts of the material 

tend to press against each other 
through a typical stress plane.

Shear stress

This exists when two parts of a 
material tend to slide across 

each other in any typical plane 
of shear upon application of 
force parallel to that plane
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Strain

• Whenever a stress (no matter how small) is applied to a
material. A proportional dimensional change or distortion
must take place. Such a proportional dimensional change
(intensity or degree of the distortion) is called strain (ε)
and is measured as the total elongation (Δl) per unit
length of material due to some applied stress.
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Various definitions of strain
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Elastic strain

• Elastic strain (deformation) is
dimensional change that exists only
while the initiating stress is applied and
disappears immediately upon removal
of the stress.

• The applied stresses cause the atoms to
move from their equilibrium position.
All the atoms are displaced the same
amount and still maintain their relative
geometry.

• When the stresses are removed, all
atoms return to their original positions
and no permanent deformation occurs.
(conformation changes leads to
reversible deformation up to 15%).
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Young’s Modulus

• Young’s Modulus E (or the
elastic modulus) is an material
characteristic. It is the ratio of
stress to strain (the measure of
resistance to elastic
deformation) for ideal elastic
material. In the case of fibers,
the modulus is replaced by
initial modulus as the straight-
line portion of the stress-strain
curve.

For isotropic materials, the modulus E
connected with shear modulus G and all
directional compressive modulus K.
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Poisson’s ratio

Poisson’s ratio is the ratio of the transverse contraction strain to the longitudinal
extension strain in the direction of the stretching force. The definition of poisson’s
ratio contains a minus sign so that normal materials have a positive ratio:

ν – Poisson’s ration (for fibers 2.0 ≤ ν ≤ 4.05)

Ε – Strain

• Poisson’s ratio is related to Young’s Modulus E and the Shear Modulus G 
according to; E = 2G(1+ν).

• For  V/Vo=1, ν=0.5 – rubber, liquids. For V>Vo, ν<0.5. 

• Fiber volume increases during deformation. More elongation than lateral 
contraction.
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Shear Modulus
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Plastic deformation
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Plastic body deformation
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Tensile characteristics of fibers
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Ultimate characteristics 
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Failure mechanisms
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Temperature dependence - I
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Temperature dependence - II
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Viscoelastic deformation
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Viscoelastic body 
deformation
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Viscoelastic properties
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Stress relaxation
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Creep
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Types of Viscoelasticity
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Linear Viscoelasticity
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Dynamic analysis
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Dynamic mechanical analysis 
(DMA)

DMA also works in TMA mode.



Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.Properties of Fibers_KMI-VV

Dynamic moduli - I
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Dynamic moduli 
interpretation



Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.Properties of Fibers_KMI-VV

Loss tangent
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Glass transition temperature -I
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Glass transition temperature - II



Dr. Mohanapriya Venkataraman, M.Tech., M.F.Tech., Ph.D.Properties of Fibers_KMI-VV

Melting temperature
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Free volume
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Bending stiffness
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Bending stiffness - II
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Surface characteristics

• Revolutionary developments have been
made through utilization of the friction
phenomenon for creating special
adhesion effects and through
modification of surface texture for
achieving special thermal and moisture
and transfer characteristics.

• The parameters that could be changed
during the spinning process:

- Surface area, fiber cross section
(Scanning electron microscope), crimp,
fiber orientation and surface roughness
(Scanning electron microscope, confocal
microscope, etc.).

• Altering fiber surface at the nanolevel
without influencing key physical
characteristics.

Surface characterization parameters and surface 

treatments of synthetic fibers.
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Abrasion resistance


