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Efeito da temperatura na resisténcia mecanica
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Efeito da temperatura na resisténcia mecanica

* Muitas ceramicas sao
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* Exemplo: Si;N, com SiO,.



Tracao vs. Compressao

Metais
apresentam
comportamento
c-€ similar tanto
em tracao
guanto em
compressao.

Ceramicas nao: a

resisténcia a

tracao em geral é

TABLE 16.6 Ratio of Compressive Strength ¢.. to Bending
Strength, o,

Ceramic Grain size (um) O/ Op
TiB, 20-50 4-6
ZrB, 20-50 4-6
B.,C 1 7
WC 1-6 4-6
Al,O, 1-100 4-30
MgAl,O, 1 7
ThO, 4-60 13-17
UO, 20-50 5-18

muito menor que

a resisténcia em

compressao.




Tracao vs. Compressao

As trincas se comportam de forma
diferente em tracao e compressao.

Em compressao, as trincas se desviam de
sua orientacao original e se propagam
estavelmente ao longo do eixo de
compressao.

A fratura nao ocorre pela rapida
propagacao de trinca, como ocorre em
tracao.

O resultado é gue o material € moido ao
invés de se fraturar.

Em tracdo, nossa preocupacao é com o
maior defeito, ou “defeito critico”!
Especialmente se o defeito encontrar-se
na superficie.

Em compressao, nossa preocupagao é
com o tamanho de defeito médio, c,,.

Dentes sao compositos ceramicos: eles
sobrevivem por anos mesmo quando
muitas trincas estao presentes.
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FIGURE 16.10 lllustration of unstable and stable crack propaga-

tion for a brittle material in tension (T) and compression (C),

respectively. Stable crack propagation will lead to crushing.




Tracao vs. Compressao

Podemos estimar a resisténcia a
tracdo de um material ceramico
conhecendo seu K. e substituindo o
valor de ¢ na equacao abaixo:

Kic =YogJmc
K;- = fator de intensidade de tensao

critico ou tenacidade a fratura do
material

Of= tensao de fratura

¢ = tamanho do maior defeito ou
defeito critico (comprimento do
defeito na superficie ou metade do
comprimento do defeito no volume)

Y € um termo geométrico (veja o
proximo slide!)

No proximo slide: Y = Fe Sc éa
tensdo aplicada, que € igual a 65 no
limite da fratura.
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FIGURE 16.10 lllustration of unstable and stable crack propaga-
tion for a brittle material in tension (T) and compression (C),
respectively. Stable crack propagation will lead to crushing.




326 Chapter 8 Fracture of Cracked Membegrs

value of the factor K. On this basis, K is a measure of the severity of the crack. Its definition i 4

formal mathematical sense is

Ki = lim (0,277 8l

r,8—-0
It is generally convenient to express K as
K; = FSyJna (8.9)

where the factor F is needed to account for different geometries. For example, if a central crack
in a plate is relatively long, Eq.8.2 needs to be modified, as the proximity of the specimen edge
causes F to increase above unity. The quantity F is a function of the ratio a/b, as shown in Fig. 8.12,
curve (a). Curves (b) and (c) show the variation of F with a/b for two additional cases of cracked
members under tension, specifically, for double-edge-cracked plates and for single-edge-cracked
plates.

8.3.3 Additional Comments on K and G

For loading in Mode II or III, analogous, but distinct, stress field equations exist, and stress
intensities K;; and K;;; can be defined in a manner analogous to K;. However, most practical
applications involve Mode I. As a convenience, the subscript on K; will be dropped, and K without
such a subscript is understood to denote K, thatis, K = K.
The quantities G and K can be shown to be related as follows:
K2

o (8.10)

where E’ is obtained from the material’s elastic modulus E and Poisson’s ratio v:

E'=E (plane stress; o, = 0)

E (8.11)
(plane strain; &, = 0)

!/ e

e 1—12

Equation8.10 and the dependence of G on load versus displacement behavior, Eq. 8.6, can be

exploited to evaluate K. Slopes on P-v curves, as in Fig. 8.9, are employed in a procedure called
the compliance method. See any book on fracture mechanics or Tada (2000) for details.

Since G and K are directly related according to Eq.8.10, only one of these concepts is

generally needed. We will primarily employ X, which is consistent with most engineering-oriented

publications on fracture mechanics.

8.4 APPLICATION OF K TO DESIGN AND ANALYSIS

-

For fracture mechanics to be put to practical use, values of stress intensity K must be determined
for crack geometries that may exist in structural components. Extensive analysis work has been

published, and also collected into handbooks, giving equations or plotted curves that enable K
values to be calculated for a wide variety of cases. A special section of the References at the |

, section 8.4 Application of K to Design and Analysis
sy
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(¢) F=0.265(1—a)*+ Q- (i (h/b>1)

(1-a)*?

7 Figure 8.12 Stress intensity factors for three cases of cracked plates under tension.

Geometries, curves, and equations labeled (a) all correspond to the same case, and similarly

for (b) and (c). (Equations as collected by [Tada 85] pp. 2.2, 2.7, and 2.11.)



Tracao vs. Compressao
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FIGURE 16.10 lllustration of unstable and stable crack propaga-
tion for a brittle material in tension (T) and compression (C),
respectively. Stable crack propagation will lead to crushing.



Yield Strength

Material MPa ksi MPaV'm ksi Vin.
Metals

Aluminum Alloy? 495 72 24 22
(7075-T651)

Aluminum Alloy? 345 50 44 40
(2024-T3)

Titanium Alloy? 910 132 55 50
(Ti-6 Al-4V)

Alloy Steel? 16410 238 50.0 458
(4340 tempered @ 260°C)

Alloy Steel? 14210 206 87.4 80.0
(4340 tempered @ 425°C)

Ceramics

Concrete — — 0.2-14 0.18-1.27

Soda-Lime Glass — — 0.7-0.8 0.64-0.73

Aluminum Oxide — — 2.7-5.0 2.9-4.6

Polymers

Polystyrene — — 0.7-1.1 0.64-1.0
(PS)

Polymethyl Methacrylate 53.8-73.1 7.8-10.6 0.7-1.6 0.64-1.5
(PMMA)

Polycarbonate 62.1 9.0 2.2 2.0

(PC)




Exercicios

. O : :
* Calcule corretamente o valor da relacao G—S , pois o que foi
|4

feito em aula estava errado! Considere:

G, € aresisténcia a tragao para uma ceramica com o maior defeito
localizado na superficie, e

Gy € aresisténcia a tracao da mesma ceramica, cujo maior defeito
tem o mesmo comprimento do caso acima, mas localizado no
volume do material.

* Encontre na literatura a tenacidade a fratura tipica da
Al,O;. Considerando defeitos de 10 um, qual seria a

resisténcia a fratura esperada sob tracao e sob compressao
se 0 maior defeito estivesse no volume? E na superficie?

 Faca o mesmo para o vidro de janela ou soda-cal.

Vou resolver o exercicio no inicio na proxima aula,
portanto nao serao aceitos os exercicios entregues apos a
corregao!



