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Intermediate Mechanics of Materials: Chapter 5

Creep Test

* Tension test to obtain viscoelastic material properties.

*  Material subjected to step change in stress and held constant.
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*  As t — oo the strain € — o0, i.e., deformation and strain grow continuously like a fluid. For
this reason Maxwell materials are often called Maxwell fluid.

Kelvin model response
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* As t—> o the strain £ - ¢/, i.e., the material is elastically deformed and hence Kelvin
material behaves like a solid and is often referred to as Kelvin solid.

* The ratio ./ E has dimensions of time and may be considered a material constant. This ratio
will dictate at what rate the Kelvin material reach the ¢lastic solution. This ratio in creep test is
referred to as the retardation time.
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Relaxation test

* Relaxation test is another widely used test for determining viscoelastic properties.

- Material subjected to step change in stress and held constant.
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Maxwell model response
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- As r— » the stress o — 0, 1.e., material becomes unstressed with time.

- the ratio p/E has the dimension of time and this ratio will control the
rate at which the stress is relaxed. In relaxation test this ratio 1s
referred to as relaxation time.

Kelvin model response
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C5.11 The roller at P slides in the slot due to the force F =9.21 kN. Member AP has an area of
cross-section of A = 100 mm? and a modulus of elasticity E = 200 GPa. The bar material has vis-
coelasticity properties shown below. Determine the displacement of the roller at (a) time t = 0 and
(b) t = 2000 hours.
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Generalized viscoelastic linear models

*  More springs and more dashpots can be put together in series and parallel to create more com-
plex models, which are differential equations in time that represent the constitutive relation-
ship between stress and strain.

1 d i m dJ
c >
l_zop’d:" J_ZO Vad

where, p; and q; are related to E’s and 1’s in some manner dictated by the configuration of springs

and dashpots; n and m are integers that depend upon the number of springs and dashpots.

* Solution 1s found using Laplace transform.

Maxwell model: n =1, m =1, p =1/p, p; = I/E and q4~1, q;=1
Kelvin model: n =0, m = 1, py =1, q5=E, and qq = p for the.
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C5.12 Three bars are made from Maxwell’s material with E = 200 GPa and p= 100 (106) GPa-

sec and have an area of cross-section of 650 mm?. Determine the displacement of point D (a) at
t = 0. (b) after 100 hours.(c) after 10,000 hours.

75 mm
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