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ABSTRACT

One of the main problems acompanying drying of saturated porousmaterias (e.g. ceramics,
wood, and others) is the problem of cradking initiated by the drying inducel stresses. This destruc-
tive effed appeas very often at the surfaceof dried produds, but not always. Sometimes cradks
ocaur in a strangeplaceingde the material. The reason for that is of different nature as, for exam-
ple, the pre-existing flaws, the stressreverse phenomenon, or the acamulation of energy coming
from several components of the stresstensor.

Theam of this pgper is to discussin more detail the problem of mechanicad energy acamula-
tion as well asthe effort of material unde drying acording to the energetic hypotesis. This hypo-
thesis allows cdculating the overal stress which is necessary to formulate the strength condition
for a given material. Such an approac is aways necessary when more componets of the stress
tensor gppea in adried sample.

The problem of energy effort in dried materials is very complex as the mechanicd properties
of such materials change themselves during the process In order to grasp adequaely this problem
onehas to use a mechanistic modd of drying, in which the mechanicd coefficients have to be de-
pended on the moisture content. Only such a model may all ow to obtain the adequate values of the
stresscomponents and o cdculate propealy the overall stress

On the other hand the admissble stress which has to be determined for the pumpose of the
strength condition, also changes itself along with the moisture content variation. This stresshas to
be determined in separate experimental tests for given material, similarly as the mechanicd coeffi-
cients tha are involved in the drying modd.

The objedive of the present consderation is the andysis of the stressstate in a cylindricaly
shgped sample made of kaolin-clay and subjeded to convedive drying. The distribution of stress
components throughoutthe cylinder and therr evolution in time is determined. These stresscompo-
nents allow cdculating the overal stressas a function of placeand moisture content. The map of
the cylinder spacepresenting the points of possbly violated grength condition is given.

Distributionsand time evolutionsof liquid content X (dry basis) and temperature T are deter-
mined for the first and second period of drying usng the differential equaions tha indude the
phease trangtionsof liquid into vgpourand the diffusve and thermodiff usve moisture transport, [1]:

X =D, 0%(c,T+c, X) - 2(c,T+c,X),  T= DTsz—|pSQC(cTT +0,X) @
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where Dy and Dt dende the massandthemal diffusivity, cx andcr expresstheratio of diffusion
andthermodiffusion, 2 expresses the intersity of phase trarsition of liquid into vapou, | is thela-
tert hed of evapaation, ¢, is the spedfic hed, p°® is the dersity of dry body, and 0? dendes the
Lapaceopeator in cylindricd coordinaes.

The bounday condtions for the hed and mass trarsfer express the convedive exchangeof
hea andvapou betweencylinde andthe ambiert air, andthe symmetry condtions with resped to
the middle of the cylinde. The initial condtions assume the uniform distribution of moisture and
temperature.
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Thefoll owing system of two couded equdions is usedfor determination of rada andlongtudind
displacemerts u, anduy,

u

2 MDZUZ +%[(M +A)£_VTT_V><X]:O @

MDO%u, +%[(M +AE -y T -y X|=M rf
where pr = (2M + 3A)K7 ) = (2M + 3A)K®, kT and kX) are the coefficients of linea thermal
and humid expansion, ¢is the volumetric strain, M(X) and K(X) are the elastic shea and buk mod-
ules dependent on moisture content.

Sinceno any external surfaceforces ading onthe cylindricd sample theradia andlongtudinal
stresses on the externa surfaces equa zero. The other two boundary condtions assume zero-valued
radial and longtudinal displacements at cylinder axis and at the battom of the cylinder, that is

0.,x=0, o

s

n =0, Wk=0=0 ad U}=0=0 (©)
The state of stressin the cylinder is fully described by the comporents o, Ogg, 025 Grz, Where

_ 1 _du, u, du, (4
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The overal (reduced) stressand admissble stress[2] read.

T :%\/(afr —0,)" +(0, =04)" +(04y =0,,)* +607, , Oy = 0y + 0 &Xp(-C, X)
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Figure 1 presents the mapping of stressdifference between gagm and dreq in quarter plane of the
cylinder
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Fig. 1.Difference (Gaam— Treq) iN @ quarter plane of the cylinder: a) spetial mapping, b flat viswudizaion o the places
with violated grength condtion.

The placesin which (gagm— Gred) < O dencte violation of the material strength (dark areain Fig. 1h).
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