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The American National Standards Institute, Inc. (ANSI) is the na-
tional coordinator of voluntary standards development and the clear-
inghouse in the U.S. for information on national and international
standards.

The Acoustical Society of America (ASA) is an organization of sci-
entists and engineers formed in 1929 to increase and diffuse the
knowledge of acoustics and to promote its practical applications.
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Abstract

This Standard specifies the procedure for generating a graphical presentation of the frequency and
temperature dependence of the complex modulus of viscoelastic materials. This Standard is the National
counterpart of ISO 10112, Damping materials - Graphical presentation of the complex modulus.
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Graphical Presentation of
the Complex Modulus of
Viscoelastic Materials

O Introduction

Viscoelastic materials are used extensively to re-
duce vibration amplitudes in structural systems
through dissipation of energy (damping) or isola-
tion of components, and in acoustical applications
which require a modification of the reflection,
transmission, or absorption of energy. The vis-
coelastic properties, modulus and loss factor, of
most materials depend on frequency, temperature,
and strain amplitude. This Standard applies to the
linear behavior observed at small strain ampli-
tudes.

Since the modulus and loss factor are functions of
frequency and temperature, the presentation of ei-
ther function requires, in principle, a three dimen-
sional plot. For a thermorheologically simple ma-
terial, however, the frequency dependence and
the temperature dependence are not independent
and a two dimensional presentation in the form of
a nomogram shall be used. This Standard de-
scribes how to generate such a presentation and is
the counterpart of ISO 10112 [3] .

1 Scope, purpose, and applications
1.1 Scope

The mechanical properties of most viscoelastic
materials depend on frequency, temperature, and
strain amplitude at large strains. This Standard is
restricted to small total strain and linear behavior.
It does not cover the effects of static pre-strain or
of dynamic strain amplitude.

1.2 Purpose

The primary purpose of this Standard is to improve
communication among the diverse technological
fields concerned with vibration damping materials
and to establish a standard format for presentation
of data.

1.3 Applications

This Standard applies to presentation of modulus
and loss factor data of viscoelastic materials as
functions of temperature and frequency.

2 Informative references

[1] ANSI S2.21-1998, American National Standard
Method for Preparation of a Standard Material for
Dynamic Mechanical Measurements.

[2] ANSI S2.22-1998, American National Standard
Resonance Method for Measuring the Dynamic
Mechanical Properties of Viscoelastic Materials.

[3] ISO 10112:1991, Damping materials - Graphi-
cal presentation of the complex modulus.

[4] J. D. Ferry, Viscoelastic Properties of Poly-
mers, 3™ ed., Wiley, New York, 1980, pp 264—
320.

[5] S. Havriliak and S. Negami, A Complex Plane
Representation of Dielectric and Mechanical Re-
laxation Processes in Some Polymers, Polymer 8,
161-210 (1967).

[6] D. I. G. Jones, A reduced temperature nomo-
gram for characterization of damping material be-
havior, Shock and Vibration Bulletin, 48, 13-22
(1978).

[7] L. E. Nielsen and R. F. Landel, Mechanical
Properties of Polymers and Composites, 2"? ed.,
Dekker, New York, 1994, pp 143-149.

3 Definitions

For the purposes of this Standard, the following
definitions apply.

3.1 Shear modulus

The complex shear modulus, G* is defined as

G*=7y*=G' +iG" 1)

where 7 is complex shear stress, y* is complex
shear strain, G’ is the real part of the complex
shear modulus, i = V—1, and G” is the imaginary
part of the complex shear modulus.

3.2 loss factor (tan &). The ratio of the imaginary
part of the shear modulus of a material to the real
part of the modulus given by tan § =G"/G’ where &
is the argument of the complex shear modulus.
The loss factor is expressed as a dimensionless
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