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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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In the literature, the influence of stress upon the apparent coefficient of
Tinear thermal expansion (CLTE) has been viewed as an independent physical pro-
perty of a material. It has been postulated, for an extreme case where the sign
of the apparent CLTE reversed at high stress, that the change probably resulted
from a change in the microstructure of the material. No such abstruse explanation
is necessary or warranted; a change in apparent CLTE with stress must occur if
the elastic modulus changes with temperature. For a well-behaved elastic material,
there is a simple unique relationship between the apparent CLTE, the real CLTE,
and the hot and cold elastic moduli.

It doesn't seem possible that this is anything new. But it apparently is
not well known, and I don't recall having seen it before. But then, I've for-
gotten a lot.

We consider first a material having linear thermal and elastic propert1es,

and second, nQn-l1nggr nroperties and show that the above statement is applicable
to either.

Materials Having Linear Properties

We consider a material with the following properties:
At a g1ven stress the length is uniquely determined by the temperature and

the behavior is characterized by a constant value of the apparent CLTE. (See
"Nomenclature"):

aaD(o) = L'](aL/aT)

At a qiven temperature the length is uniquely determined by the stress and
the behavior is characterized by a constant value of the elastic modulus:

E(T) =L (aL/ao)" - A
We note that the real CLTE is

o = aap(O)

It follows that the change length from one stress-temperature condition to
another is independent of the stress-temperature path.
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We consider a path 1, 2, 3, 4, 1 on a temperature-stress graph as shown 1in

Figure 1.

The increase in lenath, Aij’ for each 1egbof the path are:

Leg 1-2 Byp = - Oy L/Eh

Leg 2-3 Bpg = - o (T, - T L
Leg 3-4 A34 = 0y L/EC

Leg 4-1 8y = o (T - TOIL

Substituting the above into the equation

Byp + Dy * Byy + 840 =0

34 41

yields

T= TH

TEMPERATURE,T

sTRESS, O
Fie.|l = STRE<SS - TEMPERATURE PATHS
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Material Having Non-Linear Properties

Fia.

As in the linear case, the thermal and elastic behavior must be reversible.

2.

The increase in lenath, Aij’

Leg 1-2

At a given temperature, the change in lenath in go1ng from stress zero to stress
0 at temperature T is shL at temperature T it is e L; as illustrated in

for each lea of the path shown in Fig. 1 is:

A - _ €
12 hL
_ T |
Leg 2-3 Doy = - L IT a(T)
c
Leg 3-4 Bag = €|
c
Leg 4-1 A4.l = aap(Th - TC)L
Again:
Mot il t gty =0
These equations reduce to:
_ eplog) - e (o7)
aap =5+ h'™1 c'’1
Th - T¢
where
_ ' TT.  T=T,
a = (Th—Tc) [ odt
Te
b 7=
N
A
Y}
vy L -
- é=& 6=,
"
STRAIN, &

Fle. 2 NON-LINEAR ‘.STTZEGS-’:"TZNN CURNES.
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Example (Linear):

_ 6
Eh = 1.0 x 10
£, = 0.5 x 10°
& =5.0x 107
Th -Y_TC = 100
o=1.0x10"
o = 5.0 x 1075 = o | | |
“ ap - . . - &

" Nomenclature:
o CCLTE: LT (aL/eT) at o = 0
Cp Apparent CLTE: L'](aL/aT) at o = o,
o} Axial stress (+ = tensibﬁ)' ’
L Length of body
E v Elastic modulus: L_](BL/ao) at constant T
Bpe B, EAtT=TLT=T
T Temperature
Aij ' Increase in length of body for temperature-stress path
leg i-J.

& Axial stram (+ = extension) A
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