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negligible, Hence Eg. (29320 8 wrillen in ferms of the
prancigiel strzss differences, Inthe case of a unmsal defomm.
ation A = Ay o the | direction B, (29.2) eoomes:

o = Ay wiAy) — Az wiAa) £29.3)

andd  bBecawse of e ncempressibality condition kb
LAshs =1 we find that A; = A;"" and Eq. (20.3) be-
CUMTICS!

Ty = o = A W) = ATV T, {29.4}

where & = A For uniisiil extension A=1 while for uni-
anial compression A< 1,

From o peactical viewppin, Eq. (294 can be used
to describe the stress—strain relation of a material iF w'iA)
is known, w41 cun be obained in the labormory in various
wiys, such os pure shear experimenis ps described by
Volanis and Londel [60], by tomsional measurements s
diescribed by Benrsley and Zapas [62] and by a combination
of wenshen and compression experiments s also deserbed
by Kearsley and Zapas [62]. Treloar and co-workers
[63] have also shown that the YL function description
of the mechanical response of rubber is a very good one,
The reader 1s refermad o the orgmal Dlerature for these
rieek bds,

Avother podnt o keep oy omind heie (s that, i ook
visidels, Uz deseripton of rubber elasteity given from stat-
istical mechanical models results in a Valunis—Landel form
off strein energy density function. This will ke important in
the Tollowing developments. Wi now look ot somie comman
n:r.lrl.:xl:n.l:llin:mx al thee strion enerey density Tenelion wsed o
describe the siress-sarain behavior of crsslimked rabber,

There are pwo common phencmenaslogical strn energy
functions that have been used o describe e stress—soein
response of rubber [3859.64], These are referred 10 ns the
Mea-Hookean Form and the Moomey—Riviin form and both
can be writlen as Valams—Lomdel {orms, although they
represi truncated forms of mone peneral siraim enerpy
densay  Dwnctioms. The Meo-Hookean foom s a special
form of the Mooney-Rivlin foerm, so we will begin with
the latier. For a Mooney—Rivlin material the stroin ensrgy
density function is writlen as;

WiApdzda) = ColAT + A3 4+ A5 = 34+ Cala;?

+AT 44 -0 (29.5)

ond we sge that the YL function for this is of the form
wil;] = CyA7 + C2A7 and the VL derivative is given ns:

Wik = 20,4 — 20347, 29,6}

where O and C5 pre materinl constunts, often referred 10o0s
the Mlopney-Hivlin Coelfivients,

P wmisx ] delormmninons |:||'|1'|||!_l|1'il||||-|;: A one then writes
Eq. (29.4) for the Mosnev-Rivlin siress—soain response as!

oy — it = (A7 — 17A0 20 + 203 /A). {29.7)

Fouation (2,71 makes obvimes the reasons bor the rEpresen-
ttion ol experimental data m the so-called Mooney =Hiviin
plot, If ahe matenad has a Moosey-Riviin stran energy
density function then a plot of (e — era2) /(A5 — 174D
va.l /& resules in o straight line with the slope and interoepl
at A = | determining 2C: and 20, + 201, respectively,

For the Mes-Hookean material, the stroin energy densily
Tumction 15 the same as the Mooney=Raivhin matemal but swath
=1k

Wik Azdsl = C40A7 + A3+ A5 — 3) {29.8)
The VL derivative is
Wik = 204, (29,9
The comesponding reduced stress oy s
o = (ry) — o) /A — 1fA) = 2C,, {29,109

Hence, in the Mooney—Riviin plot, the stress—strin datn are
redluced 10 a e of slogee zero,

A pasimn woitls noting lese 15 that several of the moleculas
miodels that will b described in the subsequent sections
are Meo-Heokean in forme,. Monmally, dey mbbers do ot
exhibit Meo-Hookean behavier, As for the Maoney-Riviin
form ol sirain energy density function, mibbers may follow
such behavior e estension, yel they o ol behave as
Muoosey=Rivlin matertals i compressaon. In Fig. 292, we
depict tvpical expernmental data For a polydancthy lsilosane
netwadk [39) and compare the response o Moeney-Riviin
andd Meo-Hookean behaviors, The horigontal lines represent
the affine and the phontom limits (see © Network Models™ in
Section 292,20, The '\.1r.i|igll.| Frnez 1 the ringe A 'i;;I shivws
the fit of the Moopey-Riviin eguation wo the experimenal
chivta porines,

Stafiztica! Theories
Sirnectnrgd Claraeteriviiey of Pelvmer Networks

In this secton we discuss the maost imponant stractural
panmeters characteristic of an ideal polyvimer network, The
structure of noreal network always displays deviation from
thit oo un ideal network, Metwork delects, such as unreacted
fumctionalities. cyclic structures and entanglements, arise
from the statisties of the crosslinking process. The cros-
lnking reactvon, in genesal, resulis o length disacibarion
for the merwork chains, In addition 1o the molecular unper-
fections, real nerworks plways contain inhemogeneities, ie..
regions in which the polvmer copceniration is permanently
higher than the average concentration. The lopological
structure of any real network can be very L1:-||1:|1-||,.=:-: sl
ereatrment of e lopedogy is beyonad the scope of the present
wirk. (The reader ix referred o [S6.66—6%] for discussions
of this topic.) Ii is worhwhile, however, 1o define the
structural parameters for a perfect network becawse it nllows
us to brest any real network by reference o these parnmeters,



