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We have read with much interest the manuscript of the papamportant and should be considered to explain the experimental
“Comments to thermal shock resistance of yttria-stabilized zirresults.
conia with Palmgqvist indentation cracky Tancret in which Then, the aim of our paper was: determiningR”” for Y-
the author shows that our resélts Y-TZP ceramics are consis- TZP withnatural flaws, as suggested by Tancfeand we never
tent with the theoretical and experimental approach developeclaimed it. In fact, we believe that the approach of Tancret and
previously by Tancret and OsterstotiBy using our experi- Osterstock is a simple and excellent approach for finding this
mental results, he calculates the critical quenching temperatugarameter for a material with natural flaws, but we restricted our
of our Y-TZP ceramics. Finally, he acknowledges “our generalwork to the thermal behaviour of two materials withificial
contribution to the understanding of the mechanical behaviouindenration cracks and with the same chemical composition, but
of ceramics”. with different mechanical properties.

We appreciate these comments and the use of our results It is well known that the thermal shock resistance parameter
for his calculation, but we would also like to clarify the main is defined as,
point made by Tancret about Hasselmak'$ thermal shock
resistance parameter and which seems to be the fundamental, if, Kic\?
not the only one, criticism to our paper. R = () (1+v) @

In our work? it was studied the thermal thermal shock
behaviouroftwo_tetragon_alzir_conia polycrystals stabilised with o e Kic is the fracture toughness, and represents the
_2.5% _mol_ar yttria and with different fracture Foughness. Thestrength R is affected by the flaw size that may cause fracture
investigation was concentrated on the analysis of stable crack,qer thermal shock. This depends on many parameters (starting
ext.enS|on of indentation Palmqwst_cracks in the quench 'nderbowder, processing, sintering and machining conditions, etc.) as
Fatlon Fest. It was shown that the ratio between the the.rmal stre§§en as on environmental degradation by slow crack growth. In
intensity factor and the fracture toughness can be easily obtainefljition, the experimental fracture strength is influenced by the
by measuring the stable crack extension and that deviations froAq;q, ) stresses, which are left in a surface layer by machining,
the expected maximum stable crack extension during thermal; i, the case of composites, they might be distributed over all

shock could be accounted for by subcritical crack growth anqhe volume of the body by differences in the expansion coeffi-
by a reduction in the level of residual stresses. It was also cONsjants of the constituent phases.

cluded that for small indentation load&curve effects become

of

An artificial indentation crack will induce fracture during
thermal shock if the combination of crack configuration, length,
residual indentation and thermal stresses are such that the frac-

* Corresponding author. Tel.: +34 93 4016701; fax: +34 93 4016706. ture condition is obeyed at thermal stresses that are lower than

E-mail address: marc.j.anglada@upc.edu (M. Anglada). for the natural cracks.
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So, in our papef,we have calculate®”” when the flaw that By the contrary, Tancrétuses the paramet&,, which is
causes fracture is a well-defined crack with a well-defined residdefined as,
ual stress field. We do not claim that the valug6f calculated 2
in this is way is the same as when there are only natural flawsg, = (K'°> (5)
We only intended to show th&"”” of Eq. (1) depends on the Oth
residual stress field and on environmental crack growth, so thgjhereoy, is the thermal stress. In fact, it can be shown that both
an expression was derived for the simple case when the criticghjues are related by,
flaw is a Pamlqvist indentation crack of total lengghThus, by

assuming that the thermal stress intensity factor can be estimat(;i;?h _ YZlo ©)
asYoih/lo/2Whereoy, is the maximum thermal stress akds 2R(2)

a constant, we obtain Eq. (19) of our paper The physical meaning & is that it measures the severity of the

1 2 o o thermal shock by using the thermal stress, wiRdemeasures
=5l 22~ (1+v)=8uloY*(1+v) (2) it by using the thermal stress intensity factor. Since this last
Ocr quantity is well known for indentation cracks, it is very useful

In this way, it is clearly seen th&" depends also ol and, for the analysis of these artificial cracks during thermal shock.
which is a factor that takes into account environmental indenta©n the contrary, when applied to materials without well known
tion crack growth in aif For the same material, microstructure artificial cracks, since the distribution of natural flaws usually is

and crack configuration, but with no residual stresses, not known with enough precision, th&, is more convenient.
1 For indentation cracks, Eq. (11) of Tanéreain be compared
R = 5101/2(1+ v) (3)  with our previous Eq(6) with Y= (), z= (I/lo)?, using the

expression foRg of Eq. (15) derived in Fargas et &lthat is,
Since in Y-TZPu has been estimated to be close to 0.7 (just by
measuring crack extension with our approagti); would be  Ro =
as high as about eight times the valuerRf without residual
stresses. This emphasizes the importance residual surface str¥¥g obtain
fields on the thermal behaviour. So, conclusion (i) of the paper Ay,

< ;2“ (7)

by Tancret that is, thatR”” is proportional to the size of the Rih = Y (8)
artificial (indentation) crack, it was already clearly established (€= n)
in our paper. Similarly, by using Egs(4) and (7) we have
Infact,R"”" for Y-TZP with onlynatural flaws, would be much 5 %
smaller than for artificialdentation cracks. Thisis because crit- oy, = < le 9)
ical cracks in our materials are of about2®, while artificial 2= YVio/2
indentation cracks are around an order of magnitude larger (@nghich is equivalent to Eq. (12) of Tancretf we restrict to the
also there are under a tensile residual stress). case where no relaxation of indentation residual stresses by slow

Our approach allows us emphasising the role of the residuglrack growth occurs, thgn=1 and these equations are identical
stresses and environmental crack growth, and, at the same timg,the corresponding equations derived by Tantret.
allows us to calculate the level of reduction in the residual stress

field because of slow crack growth. ' ' References
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