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ABSTRACT

Non-uniform shrinkage of saturated materias subjeded to drying is the main reason for gen-
eration of internal stresses. Thedryinginducel streses in elastic materials are of temporary charac
ter and disappea after drying. This is however not the case when the stresses cause locd indastic
strains[1]. In such circumstances the phenomenon of stressrevese may take placewhen the mate-
rial dries and the drier surfaceattempts to shrink but is restrained by the wet material core. Then,
the surfaceis stresses in tendon and the core in compresson and large indastic tendond strain oc
cur a the surface Latter, unde the surfacewith reducel shrinkage, the core dries and attempts to
shrink caugng the stress state to reverse. The reversed tendond stresses indde the materia cause
often internd crads.

Another phenomenon tha may ocaur in dried materials is cdled the locked-up or residual
stresss. They arise when the material changes its mechanicd properties during drying. Such
stresees may occur, for example, in saturated clay-like materials tha are viscoplastic, and in the
course of drying be@mme elasto-visco-plastic, elastoplastic, elastic and even brittle at the end of the
process If the change of mechanicd properties is non-uniform throughoutthe body, the residud
stresses mogtly are present in materials after drying. Such stresses may have a subgantial influence
on themechanicd behaviour of materials duiing their utilization.

Theresidud stresses may eluddate, for example, why some dry materials shrink ingead swell -
ing during rehydration [1]. It was stated tha the compressve propeties are related to the morphok
ogy of the material. Lossof water and segregation of components that ocaur during drying makes
the cdl walls rigid. The outer layer bemmes rigid and aajuire condderable medanicd strength
while the interior of the material is still of wedk tendle strength. Amorphousdonmeins are formed
which add subgantialy to the mechanicd strength of the material.

Similar phenomenon arise during quenching of sted. This process changes the structure and
physicd properties of carbon sted becaise a new structure caled martenste arises in some do-
mains The acompanied to this processmorphologicd phase transtionscause volume changes and
induceinternd stresses responsble in many cases for crads of the material.

The abovegatements leal to the conduson tha residuds sresses in saturated bodies may arise
during hydro-therma processes if the material suffers shrinkage and its physicd propeties are
changed in some domeins Tha means that for description of residud stresses should be applied a
drying modd, the material coeficients of which refled changes of mechanicd propeties.

In this pgoer we present a mechanistic modd of drying which all ows to describe the mecdhani-
cd changes of eastic and viscodastic materials unde drying [3]. Both materials reved drying-
inducel stresses, however, the stress history in these two materials differ from ead other both
quditatively and quantitatively. We want to show that noneof these two materials will reved resid-
ud stresses if the material coefficients are assumed to be condant. In order to describe theresidud
stresses, the materia propaties have to vary in the course of drying, that is, the material coefficients
oughtto befunctionsof moisture content.

We shdl ill ugrate the problem of residud stresses on an example of kaolin-clay cylinde dried
convedively. The system of differential equaionswas established for description of the hed and
masstrander aswell asthedrying stresses during both the congant and the falli ng rate periods The



36th Solid Mechanics Conference, (g, Sept. 9-12, 2008 429

condructed onthe basis of these equaionsnurrericd agorithm enable evaluaion of the distribution
of moisture content, temperature, and stresss in the dried body and thdr evolution in time in all
stages of drying. The mog relevant meaning of this modd is tha it enables description of a com-
plete history of the drying induced stresses during the whole processup to residud stresss at the
end.

A numbe of experimental tests were carried out to observe the variation of mechanicd behav-
iour of the kaolin-clay material during drying and to determine the material codficients as a func
tion of moisture content. In this way we have expressed the changedility of physicd propeties of
thematerial during drying, wha enabled usto describetheresidud stresses at thefind stage of dry-
ing.

Figure 1la presents the time evolution of maximum circumferential stresses in the elastic and
viscodstic cylinde with congant shea and bulk moduli M = 450 kPa and A = 600 kPa and relaxa
tion timer = 501¢" min by dryingin ar hurridity 35 %and emperature 70°C .

a) b) T
[kPa] 150
160

elastic

elastic
wiscoelastic
100 )

viscoelastic

A0 4

[ S ‘ ‘ - . ‘
&0 120 180 240 300——— {[min] &0 1200 180 200 360 4 tlmm)

I
a
50l . stresses reverse ] resicual sresses

Fig. 1. Time evolution d maximumcircumferential sressesin elastic and viscoelastic cylinder.
a) with congant material coefficients, b with material coefficients dependent on masture content

It is seen that the plot of stressevolution for viscoelastic cylinde is diff erent as that for elastic one
The stresss in elastic cylinde read maximum in some ingant o time and then tend to zero, while
those in viscodastic cylinde read aso maximum but of smaller value, next tend to negative values
(stress reverse), and finaly tend to zero. Figures 1b presents the time evolution of maximum
circumferential stresses in the elastic and viscodstic cylinder with variable materia coefficients. It
is seen that the circumferentia stresses in viscodastic cylinde beame compressve and permanent
in thefind stage of drying. They donottend o zeo & those for eastic or viscodastic cylinde with
condant coefficients. This is becaise of change of materia properties at the cylinder surfacefrom
viscodastic to rigid at the find stage of drying. Therelaxationtime ris nea to zero for totall y wet
material (moisture content about40%) and bemmes very large (= 10° min) for dry body (moisture
content about6 %).
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