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The uniaxial bend strength and fracture initiation energy of glass

- matrix compbsites were measured by 4-point bending‘and the double

cantilévgr beam method respectively. For glass matrix composités,
Hasselman and Fulrathl proposed that a second phase dispersed particle
would limit the size of the Griffith flaws in the glass matrix; and
étréngthen the'composite._ When the strength of the composite Qaé
plotted aéainét (E/d)l/2 whefe E=Y§ungfs'modulus and d=av. mean free
path between the particles, it showed two distintﬁly differenthrggions
(Fig.1). In'regidn I, the average distance between particleé Qaé
greater than the induced flaw size invdiamond sawed surfaces and the
strenéth was independent of the second phase. In reéibn'II,‘ﬁhé flaw

size was governed by the mean free path betwéen the particles and the

strength was a function of volume fraction and particles size of the

second pﬁase. The straight line in region II should give a slopé of

fracture energy of the composite.

In the present work, soda borosilicate glass was used as avmatrix
and non-spherical alumina and spherical tungstén particles were used as
the dispersed phase. Glass matrix composites were fabricated by vacuum

hot pressing at'7é5°C using 1000 to 2000 PSI pféssure for 10 to 40
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minutes. Hot pressed compacts Qere.cut'in;o spediﬁens 0.05 iﬁch,thick
by 0.25 inch wide and over 1 inch long with a ﬁreciéidn diamond saw.
Uniéxiai bend strength was measured by using a.4—point bending machine
with a 0.75 inch overall span. The diamond sawed_éutface was stressed
to failure. Ffacture initiation enérgy was measuréd by the double

cantilever beam method using the following equation:

'EW2t3

I = [1+ 1.32 (£/L) + 0.542 (£/L)°]

where P is the load at the point of catastrophic-faiiure, E is Young's
modulus and L, W, t are geometric constants. :The experimental results
were shown in Table I. A plot df_uniaxial bend strength and fracture
initiation.epergy‘égainst the volume fraction of nonsphericél alumina
is shown in Fig. 2. The above equation was derived by Gilman3 and
quifiéd by Widefhofn; et al.? The equation was»uéed to study isotropic
hombgeneoué mgterial with a slbw moving crack. Wﬁen.a secdnd phase was .
introduced into a glass matrix, the system becamé nbnhomogeneous,
pafticulériy for glass-nonspherical alumina comppsitéé as observed from
the microstrhétural studies, and the specimen failed catastrophically;
The applicability of above equation fo calculate the fracture.energyvof
‘glass matrik compbsites is questionable. |

Specimens like glass or glass ﬁatrix composifes, with a machined
notch have nﬁmerous microflaws left along the root of'thg ﬁotch.
Fracture can iﬁi§iate at thése microcracks that are formed during

diamond saﬁing;‘ For the double cantilever beam test,. the microflaws

\,
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around the notch act as stress concentrators and the load necessary to

. fracture the specimen depends on these microflaws. In the 4-point

bending test, the load was recorded at the time of fractufe. At the
surface of the specimen there are a numbér of microflaws produced by
diamond sawing and when the load reaches a certain critical value at
the tip of the microflaws, failure occurs. This leads to the possibility
that both tests are governed by identical paramefers for glass matrix
composites; 

Figﬂre 2. shows that both the strength‘and.the fracture initiation
energy of the glass—nonspherical alumina composites ihc:eased wifh'
increase in voluﬁe fraction of alumina. Similar information was
reported by Lange.A',From the Hasselman postulate, the‘f;acture energy
should be a constant, as evident from the slope of region II in Fig. 1.
Therefore, soda borosilicate glass-spherical tungséen composites were
tested exactly as that described for glass alumina composites. The
results are ploﬁted in Fig. 3 and shows that the étxéngth increased by
a factor of 2 with 47.4 v/q W.but the fracture initiation eﬁergy wés
nearly the same as that for the glass. The fracture surféces were
examined by scanning electron microscopy and it was_ébserved that the
fracture surfaée always remained in the glass matrix. Thus éhe

strengthening in glass matrix composites with spherical dispersions

. can be explained by the proposed fracture theory.l_ The effects of

- nonspherical particles on the strength and fracture energy in élass

matrix composites is more complex and cannot be presently explained

by a simple théory.



" Composites

Glass-Non
Spherical Alumina

Glass—Sphefical
*Tungéten
* 70% SiO0

k% 657 SiO0

N

" Table I.

~Average
Dispersed
Particle Size

( u-) 

Glass*

15
25

33
»Giﬁss#* o
70

15.

2
0, 27% 320

16% Nézo, 147 B.O
SZ‘Na

2 3

3

Volume Fraction ‘

of

.Dispersed Phase .

0.244
0.300
0.326°

0.350 .
0.4000
0.446

0.420
0.470

0.105

0.475

Elastic
Modulus
(x10-6pPS1)

11.7

16.5
17.8
~ 18.8

19.3
21.0
22.8

21.6
23.3

1.7

13.4

21.7

23.0

Uniaxial Bend Strength and Fracture Initiation
Energy of Glass Matrix Composites

Uniaxial
Bend
Strength

(x1073 PsI1)

14.4 + 10.8%
9.6%
7.6%
6.1%

18.5
20.8
20.7

I+ 1+ i+

21.5
23.4
24,3

I+ I+ i+
oo
bxd

23.3

i+ i+

7.2

|+
~
~
9

7.15 + 4.7%

14.2 + 9.0%

7.1%

" Fracture -
Inﬁtiation
nergy

(x10'3ergS/cm

6.4

13.8

17.0

16.2
\

19.0

20.2

21.0
'18.6

7.3

6.2

- 8.4

I+

I+ 1+ |+

[+ 1+ I+

I+ I+ I+ I+

I+

15.0%

16.5%
12.0%
7.47

11.5%
6.47
7.2%

2y

18.0%

13.9%

13.0%

13.07%

17.0%

_ STeE-T1d1
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Fig. 1.

‘Fig. 2.

Fig. 3.
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Figure Captions

1/2

Uniaxial bend strength vs. (E/d) for glass matrix composites

containing spherical A1203 particles as the dispersed phase.

Uniaxial bend strength and fracture initiation energy for

glass matrix composites as a function of'fhe volume fraction
of dispersed phase non-spherical A1203_particles,

Uniaxial bend strength and fracture initiation energy for
glass matrix.éomposités as a function of the volume fraction

of dispersed phase spherical W particles.
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