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UNIAXIAL BEND STRENGTH AND FRACTURE INITIATION 
ENERGY IN GLASS-ALUMINA COMPOSITES 

Dipak Ranjan Biswas 

Inorganic Materials Research Division, Lawrence Berkeley Laboratory 
and Department of Materials Science and Engineering, 

College of Engineering; University of California, 
Berkeley, California 94720 

. ABSTRACT 

Uniaxial bend strength and fracture initiation energy of a glass-

alumina composite system are measured by 4-point bending and double-

cantilever-beam methods. The composites are fabricated by vacuum hot-

pressing technique. The second phase alumina particles increase the 

strength and the load necessary for failure in the double cantilever 

test. The two test methods are discussed making .the assumption that the 

presence of microflaws introduced by diamond sawing at the crack tip of 

the double-cantilever-beam specimen leads to the similar stress at the 

point of fracture. The tendency of fine alumina particles to agglomerate 

reduces the strength of the composite approximately 15% from that without 

agglomeration. 
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I. INTRODUCTION 

In general, a composite material is a material with several distinct 

phases. Normally the composite consists of a reinforcing or dispersed 

phase (e. g. fibers, whiskers, or particulates) supp()rted in a binder or 

matrix phase. The reinforcing material in composites for structural use 

is the load bearing medium and the matrix serves as a protector and load 

transferring medium. 

Most composite materials have been developed to improve mechanical 

properties such as stiffness, toughness and high temperature strength. 

There are a considerable number of technological important composite 

materials, particularly among the fibrous composites. Ceramic materials 

play an important role in many of the composite systems where they are 

used as a matrix or as a dispersed phase in particulate, whisker, or 

fiber form. 

1-11 For a number of years, Fulrath and co-workers · have studied the 

mechanical properties of brittle matrix composites using a model com-

posite system consisting. of a glass matrix that is combined with various 

metal or ceramic particles, as well as nearly spherical voids as the 

dispersed phase. The coefficient of thermal expansion for glasses varies 

with composition while the strength variation with composition is small. 

The main parameters that have been found to affect the mechanical proper-

ties of this type of model system are: 

(1) The volume fraction and the particle size of the dispersed 

phase, 
6 

(2) The difference in elastic modulus leading to micromechanical 

stress concentrations,7 
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(3) The degree of chemical bonding between the .matrix and the dis-

10 11 
persed phase, ' 

( 4) The internal stresses developed due to the difference in thermal 

expansion between the glass and the dispersed phase, 

(5) The porosity and 

(6) The surface damage during the preparation of the spe'cimens. 

The theoretical strength of a material can be calculated from its 

molecular constitution and structure. The value obtained in this way is 

much greater than that observed in a laboratory experiment. The observed 

strength of ordinary glass is less than one-hundredth of its theoretical 

strength. This discrepancy between the theoretical and observed strength 

was first explained by Griffith.
12 

He postulated that the low observed 

strengths were due to the presence of small cracks or flaws in the glass 

and at the tip of the cracks there is a strong concentration of stresses 

under applied load. He calculated the rate at which crack growth re-

leases energy and compared with the energy needed to form the new frac-

ture surfaces. He found for plane stress that the critical stress 

required for failure of a flat plate containing an elliptical flaw is 

(1) 
/ 

where y = surface energy per unit area, 

E = Young's modulus of elasticity, and 

c = twice the major axis of an ellipse, i.e. the flaw size. 

The surface energy of a material plays an important role in fracture 

and many investigations have been made to measure· and interpret the 
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meaning of y. In general, the surface energy is defined as the energy 

necessary to create unit area of fresh surface due td rearrangement of 

bonding forces and can be measured in a number of ways unrelated to 

fracture. When the value of y is determined by use of the Griffith 

equation, it is often termed the fracture energy y--defined similarly as 

the energy necessary to create unit area of fresh surface during the 

fracture process. Two values of y are of particular interest in fracture: 

y I, pertaining to the initiation of fracture, and y p, that of the propa

gation of the fracture. The energies for crack initiation and crack 

propagation are not necessarily the same, as the latter varies with the 

crack velocity. 13 y I i.s related to the strength of the material via the 

Griffith equation and y p is related to the fracture propagation charac

teristics and the crack stopping properties of the material. The experi-

mental procedure available for the measurement of the fracture energy 

. . . 14 15 16-18 lncludes the compllance method, ' the work-of-fracture method, 

. 18-21 23 the double-cantllever-beam (DGB) method, ' and the notched-beam 

t h 
. 14,18,22 

ec nlque. The DCB method has been used for single crystals with 

well defined cleavage planes by Gilman. 19 He measured the work that is 

required to cause cleavage per unit area of the cleaved surface. The 

energy of the new surfaces that were created when the crack moves for-

ward a small distance was found by forming an energy balance for the 

whole system. This technique is applicable for a slowly moving crack. 

The energy balance is made at the critical point when crack motion just 

begins. The equation19 derived for the surface energies of the cleavage 

plane in single crystals is 
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(2) 

where F = critical force for crack propagation 

L = length of the crack 

E = Young's ,modulus of elasticity 

W = width 

2t = height of the specimen. 

The DCB method was also used by Wiederhorn
20 

for glasses which are 

isotropic and homogeneous materials. The equation used to calculate the 

fracture energy y was a modified equation24 , 25 of Eq. (2). The same 

method was used by Lange23 to measure the fracture energy of a sodium 

borosilicate glass-alumina composite system using the same equation as 

Wiederhorn. The modified equation is of the form: 

( 3) 

The glass-alumina composite system is a non-homogeneous system. 

For this two-phase composite system, a fracture theory was proposed by 

Hasselman and Fulrath. 6 They hypothesized that hard crystalline dis-

persions within the glass matrix limit the size of the Griffith flaws 

and thus strengthen the composite. Quantitative relationships were 

derived for the effect of a dispersed phase on the composite's uniaxial 

bend strength. The strength of the composite was a function of the 

volume fraction of the dispersed phase at low volUme fractions and 

'\i 



-5-

dependent on both volume fraction and the particle size of the dispersed 

phase at higher volume fraction. For verification of the theory, they 

used D-glass ( 70% Si02, 16% Na20 and 14% B203) and spherical alumina 

particles and the composites were prepared by vacuum hot-pressing the 

mixed glass and alumina powders. The volume. fraction and the particle 

size of the dispersed alumina was varied. Cross-bending strengths of the 

composites were measured and the strength was plotted against the inverse 

square root of the calculated mean free path between the alumina particles 

(Fig. 1). The plot showed two distinctly different regions. In region I, 

tbe average distance between the particles was greater than the flaw 

size induced by diamond sawing and the strength was independent of the 
... 

second phase. In region II, the flaw size was governed by the mean free 

path between the particles and the strength was a function of volume 

fraction and particle size of the alumina particles. When the mean free 

path is equal to the original flaw size, a discontinuity in slope of the 

strength vs reciprocal square root of the mean free path curve occurred. 

Therefore the conclusion was that the limitation of Griffith flaws in the 

glass matrix by the second phase alumina particles leads to the strength-

ening of the composite system. 

23 On the other hand, Lange used similar glass~alumina composites and 

measured the bending strength and the fracture energy of the composites. 

He prepared the glass-alumina composites with non-spherical commercially 

produced alumina particles in a similar manner to that described by 

6 Hasselman and Fulrath. Fracture surface energies were determined in 

liquid nitrogen using the double-cantilever-beam technique. Four-point 

flextural strength was measured at room temperature. He attempted to 
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Fig. l. Strength plotted against the inverse square root of the calculated 
mean free path between the alumina particles. 
(From D. P. H. Hasselman and R.'~M. Fulrath, J. Am. Ceram. Soc., 
49 (2) 68-72 (1966).) - .. 
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determine the relationship between the fracture energy, uniaxial bend 

strength, and microstructure and compared the bend strengths with those 

6 
measured by Hasselman and Fulrath. The flaw size c was .calculated from 

a modified Griffith equation using the bending strength from the 4-point 

bending and the fracture energy from the double-cantilever test. The 

crack size for the composite was found to increase from that of the glass 

without a dispersion by about 1 to 3 times the average particle size of 

the dispersed phase. The crack size was not significantly affected by 

the volume fraction of the alumina dispersion. This is in conflict with 

the proposed fracture theory for strengthening of glass-alumina com

posites by Hasselman and Fulrath.
6 

They showed the flaw size is con-

trolled by the volume fraction and particle size of the alumina. 

Recently Evans
26 

proposed the line tension effect for the strength 

of brittle materials with a second phase dispersion. The line tension 

contribution to strength or fracture surface energy occurs when a crack 

bows out between the obstacles just as a dislocation bows between 

. 23 . 6 
obstacles. He analyzed the data from Lange and Hasselman and Fulrath 

from the "line tension effect" concept and showed that the fracture 

surface energy of a glass-alumina system varies in a similar manner to 

the calculated line tension contribution. The line tenSion was the pri-

mary contribution to the fracture surface energy. .This concept was also 

used to calculate the fracture strength of glass-alumina composites and 

he found that for a large obstacle spacing the strength was independent 

of the inter-obstacle spacing and similar to the strength of the matrix. 

6 
This agreed well with the experimental data of Hasselman and Fulrath. 
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The J?resent work was undertaken to measure the uniaxial bend strength 

and fracture initiation energy for a glass-alUmina composite system and 

- - 23 
to compare the experimental data with-that reported by Lange and 

6 Hasselman and Fulrath. In this work, the test techniques were those 

23 used by Lange ~d the sample preparation was the same as that of 

- - 6 
Hasselman and Fulrath. Instead of commercial alumina particles, this 

study used size separated single crystal particles obtained by crushing 

sapphire boules. 
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II • EXPERIMENTAL PROCEDURE 

A. Preparation of Powders 

The specimens used for the measurement of uniaxial bend strength and 

fracture energy consisted of a glass matrix containing crushed sapphire 

6 particles. The glass used was of the same composition as the D-glass 

(70% SiOz, 16% NazO and 14% Bz03) used in previous investigations in this 

laboratory. This particular glass has a coefficient of thermal expan-

sion almost identical with that of alumina which avoided internal stresses 

in the system. 

The glass was prepared by mixing the component oxides (silica, 

anhydrous sodium carbonate, and anhydrous borax) in a porcelain ball mill 

containing alumina balls. Isopropyl alcohol was used as a liquid medium 

for ball milling. After ball milling the suspension was dried and then 

the mixed oxides were melted in a platinum crucible at 1400°C for 4 hrs 

in air. The glass was cooled and ground to fine powder (average particle 

* size was about 5-6 ~m) in a ball mill using isopropyl alcohol. 

The alumina used in this work was prepared from the sapphire single 

** crystal boules. The boules were ground to fine powders and then care-

fully separated into three different size fractions by using the pre-

. . . ult . . ft t-elSlOn screen-1n an rason1c s1 er. Some difficulties were en-

countered because of the tendency of alumina particles to agglomerate. 

The volume fraction .and the particle size are necessary to calculate 

the mean free path between the alumina particles; The assumption made 

* Fisher subsieve sizer. 
** Union Carbide Cory. 
f- Allen-Bradley Sonic Sifter. 
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in the present work was that there was a constant mean free path between 

the dispersed phase particles. In order to maintain the constant mean 

free path, three d{fferent series of glass-alumina composites (in region 

II, Fig. 1) were prepared after calculating the proper volume fraction 

and the particle size of alumina for each series from the following 

equation by Fullman27 

where d = 

R = 

¢ = 

d = 4R(l-cp) 
3¢ 

mean free path between the particles 

radius of the particles (in this case the. average particle 

size), and 

volume fraction of alumina. 

B. Fabrication of Specimens 

( 4) 

For the fabrication of 2" dia. x 3/8" thick compacts, the desired 

proportions of glass and alumina powders were intimately mixed in a ball 

mill using isopropyl alcohol for 4 hrs and then dried to evaporate the 

alcohol. The proper weight of the dry powder was then loaded in a 

* graphite die lined with Grafoil and cold pressed at 1000 psi before 

loading into the hot-press~···· 

Vacuum hot-pressing was carried out at 725°C and 1000 to 2000 psi 

pressure for 20 to 40 minutes, depending upon the composite. After hot 
,,. :. 

pressing, bulk densities of all the compacts were measured in water by 
I 

the Archimedes technique was:'stpund to be between 95 to 98% of the 

* Product of Union Carbide. 

.~ 
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theoretical density. Compacts containing more than 40 v/o alumina could 

not be pressed to full density, probably due to particle-particle contact. 

The compacts were then glued to high-alumina porcelain ceramic 

plates and cut into strength specimens approximately 0.05 inch thick with 

a precision diamond saw using kerosene as a coolant. After cutting, the 

specimens were removed from the plate by acetone which dissolved the 

glue. From the same disc, some of the pieces were used for the uniaxial 

bend tests and the rest were used for the double-cantilever test. The 

DCB specimens were prepared by cutting the pieces into proper length and 

breadth by a thin diamond blade and carefully drilling two holes at one 

end of the specimen with a diamond core drill. A thin slot approximately 

0.016 inch wide was cut in the specimen with a thin diamond blade. The 

approximate dimensions for the DCB test specimen are shown in Fig. 2. 

The dimensions were measured by an optical microscope. The ratio 

of L/t was kept between 1.9 to 2.3 for all specimens. Although 16 speci-

mens were cut from each hot-pressed disc at the start, only 8 to 14 were 

useful for the double-cantilever test. 

C. Uniaxial Bend Strength Measurement 

Uniaxial bend strength was determined by loading the specimens to 

failure by using a 4-point bending machine with a 0.75" overall span. 

The diamond sawed surface was stressed. The bending .strength was calcu-

lated from the following equation: 

0 = PL ( 5) 
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l 1 
) 0.25" 

J 
0.75"-----~~1 

Thickness ~ 0.05" 

1.9 ~ L/t ~ 2.3 

XBL742-5573 

Fig. 2. Specimen configuration for the double-cantilever-beam tesL. 
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where P = load necessary to fail the specimen 

L = overall span 

b = width and 

d = thickness of the specimen. 

The equation was derived as follows: 

PL 
Bending moment M = ~ 

Moment of inertia I = L bd 3 

12 

M d PL 12 
= I • 2 = 6 • bd3 Bending strength, a 

The width and the thickness were measured at the point of failure 

of the specimen. An average of 6 to 16 specimens were used for this 

bending test. 

D. Fracture Initiation Energy Measurement 

An attempt was made to measure the fracture initation energy of .the 

glass-alumina composite system using the double-cantilever-beam technique. 

The fracture initiation energy was calculated using Eq. ( 3). This glass-

alumina composite system is non-homogeneous. 

The specimen (Fig. 2) was loaded in tension as a double-cantilever 

in an Instroh machine with a constant cross-head speed. The sample 

failed catastrophically at a critical load. A typical load deflection 

curve is shown in Fig. 3a. The load (at PF) obtained was for the in

itiation of the crack. When this load is used in Eq. (3), the yi-fracture 

initiation energy is obtained. The effect of hardness of the testing 

t 1 T . 28 
machine for different materials was shown by Tat ersa 1 and app1n. 

An extremely hard machine with controlled crack groWth will give a load-

deflection curve like that shown in Fig. 3b. The work of fracture YF 



.Load, p·l 

-14.:. 

Deflection, 8 ---.
(a) 

Deflection, 8 
(b) 

Fig. 3. 'I'ypical load-deflection curves. 

XBL 742-5574 
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can be detefmined by measuring the energy required for failure by inte-

gration of the load-deflection curve and dividing the energy by the area 

of the fracture face produced. The tail of the curve can be used to 

calculate the energy necessary to move a crack. 

E. Microstructure and Scanning Electron 
Micrograph of the Specimen 

Microstructure of the specimens was obtained by grinding the speci-

men on glass plate containing different sizes of SiC powders and finally 

polishing using 611 and 111 diamond on a Syntron Vibratory polisher. A 

scanning electron microscope was used to view the fracture surfaces of 

the fractured specimens from the double-cantilever test. 
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III. RESULTS AND DISCUSSION 

The properties of the glass-alumina composites are summarized in 

Table I and the values of uniaxial bend strength and fracture initiation 

energy with their standard deviations for various compositions and par-

ticle sizes are given in Table II. The mean strength of the glass was 

found to be 14,400 psi determined experimentally from a hot-pressed glass 

specimen. Figure 4 shows the strength plotted against the volume frac-

tion of alumina. It was found that the strength of the composite is 

increased with increase in volume fraction of .alumina. The composite 

containing larger particle size and higher volume fraction of alumina 

(30-37 ~ and 47 v/o alumina) shows lower strength because of the 

presence of greater porosity. The coefficient of variation of the uni-

axial bending strength of the composite is less than that of the glass 

itself. With few exceptions, the coefficient of variation generally 

decreases with increasing volume fraction of the dispersed alumina 

6 
similar to that reported by Hasselman and Fulrath. 

Figure 5 shows the fracture initiation energy yi values calculated 

from Eq. ( 3) plotted against the volume fraction of alumina. The y I ·for 

borosilicate glass is found to be 6400 ergs/em from the DCB test at 

23 room temperature (close to that measured in liquid N2 by Lange ). 

Figure 5 shows a defini t·e increase in y I values with increase in volume 

fraction of alumina. The coefficient of variation is quite scattered 

and does not follow a definite trend. The question arises whether the 

DCB method can be applied for this non-homogeneous system with cata-

strophic failure of the DCB specimens. Typical microstructures of 24.4 

v/o and 42 v/o alumina-glass composites are shown in Fig. 6( a,b ,c, and d). 

v 
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Table I. Properties of the Glass-Alumina Composites 

Reciprocal 
square root 
of mean free 

path 
-1/2 

d 

1 
Glass 

0.18 

0.20 

0.22 

( 1) Glass 

Average 
particle size 

of alumina2 

10-20]Jffi 
20-30]Jffi 
30-37lJll 

10-20llm 
20-30llffi 
30-37llm 

10-20llffi 
20-30llffi 

Volume 
fraction 

of alumina 

0.244 
0.350 
0.420 

0.30 
0.40 
0.47 

0.326 
0.446 

Density of the 
composites after 

hot pressing3 
% Theoretical 

98 

>97 
98 
96 

98 
>97 
95 

98 
97 

Coefficient of thermal 
expansion (room temp. to 450°C) 

8 -6 0 1. x 10 in/in per C 

(2) Alumina 8.0 x io-6 in/in per °C 

(3) Hot pressing temp = 725°C 

and pressure = 1000-2000 psi 

(4) · From Ref. 4 

Elastic 
modulus4 
psixlo-6 

11.7 

16.5 
19.3 
21.6 

17.8 
21.0 
23.3 

18.8 
22.8 

Density 
gms/cc 

2.48 
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Table II. Uniaxial Bend Strength and Fracture Initiation Energy 
of Sodium Borosilicate Glass Matrices Con-
taining Dispersed Alumina Particles 

Alumina Volume Elastic 
particle fraction modulus 

size of alumina (psixlo-6) 

Glass 11.7 

10-20jllll 0.244 16.5 
0.300 17.8 
0.326 18.8 

20-30Jllll 0.350 19.3 
0.400 21.0 
0.446 22.8 

30-37J.lll 0.420 21.6 
0.470 23.3 

a- Average of 6 to 16 specimens. 
b ~Average of 8 to 14 specimens. 

Uniaxial bend 
strength a 

(psi) 

14,400 ± 10.8% 

18,500 ± 9.6% 
20,800 ± 7.6% 
20,700 ± 6.1% 

21,500 ± 7.1% 
23,450 ± 9.8% 
24,300 ± 5.4% 

23,300 ± 6.3% 
23,000 ± 8.7% 

Fracture 
energyb 

(ergs/cm2 ) 

6,400 ± 15% 

13,800 ± 16.5% 
17,100 ± 12% 
17,000 ± 7.4% 

16,200 ± 11.5% 
19,000 ± 6.4% 
20,200 ± 7.2% 

21,000 ± 18% 
18,600 ± 13~9% 

v 
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XBL 742-5575 

Fig. 4. Experimental data for uniaxial bend strength as a function 
of volume fraction of alumina. 
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F'ig. 5. Experimental data for fracture initiation energy plotted against 
volume fraction of alumina. 
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(a) 

(c) 

Fig. 6. Typical microstructures of glass containing 
(a,c) 24.4 v/o of 10-20 ~' and 
(b,d) 42.0 v/o of 30-37 ~m alumina. 

(b) 

XBB 741-484 
(d) 
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Figure 6a and 6b shows th e 24.4 v/o of the 10-20 ~m alumina and 42 v/o 

of 30-37 ~ alumina in glass composites where the part i cle sizes vary 

over a wide range. The tendency of alumina particles to agglomerate is 

sh own in Fig. 6c and 6d; this effect makes the system more non- homogeneous. 

The Eq. (2) derived by Gilrnan19 for single crys t als was based on the 

isotropic elasticity theory and the y was calculated by measuring the 

forces when the cracks at the cl eavage began t o increase in leng th , i.e. 

the criti cal forces for the crack propagation of a slow moving crack. 

Wiederhorn us ed the DCB test f or isotropic, homogeneous glass specimen 

and calculated they from Eq. (3). But for the glass with second phase 

alumina parti cles dispersed in it, the system is non-homogeneous as shown 

in microstruct ures and moreover, the failure of the DCB specimens was 

catastrophic, so how is i t possible to use Eq. ( 3 ) to calcul ate the y 

f or the composites? 

Again in specimens like glass or glass-alumina composites with 

machined slots or notches, numerous microflaws are l eft a long the root 

of the notch. Fracture can initiate at a number of thes e microcracks 

simultaneously. 
2 3 

The double-cantilever test specimen use d by Lange con-

s isted of a crack introduced by slotting the specimen with a thin diamond 

blade f ollowed by extending a crack by wedging the slot open . The length 

L in Eq. ( 3) was taken from the end of the wedged crack. The spec imens 

used in the present work consisted of a crack i ntroduced by a t hin 

diamond blade alone. The Yr values obtained were almost identical to 

23 those reported by Lange. The microflaws present at the cr ack tip f or 

the above two specimens also act as stress concentrators. The load 

necessary to break these specimens is determined by these mi croflaws. 
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Again, from the scanning electron micrograph of the fracture d spe cimen, 

Fi g. 7(a,b,c, d and e) it was found that the crack always s t ays in t he 

glass matrix. The load necessary to fracture the specimen appe ar s to 

depend on the microflaws formed by s awing, s o t he incre ase in y values 

for the glas s - alumina composite system can be depe ndent on these mic r o-

flaw lengths. For the 4-point bending specimens , the l oad was recorded 

at t he point of fr acture. At the s urface of t hese specimens there ar e a 

numbe r of mi croflaws introduced by diamond sawi ng . There f ore , when the 

applied load r e ache s a certain criti cal l oad at t he tip of the mic r ofl aws , 

the fracture occurs. This l e ads t o the appearance of the s i milar infor -

mation from the double - cantilever test where the load ne ces s ary to f rac-

ture the specimen i s control led by the same mic rofl aws introduced by the 

diamond blade at t he s l ot t i p. If we plot the bendin g stre ngth agains t 

the fracture initiation energy obtained from the double- cantilever test, 

a s traight line r e lationship is obtained as shown in Fig . 8 . Because the 

dimensi ons of the speci mens are almost identi cal f or al l the speci mens, 

it can be interpreted that the load necessary t o bre ak t he spec i men in 

4-point bendi ng t es t is proporti ona l t o that of t he doub l e- c ant ileve r -

beam test . Therefore it i s proposed that t he increas e in y I val ue 

obtained (Fi g . 5) is mainly due t o the increase i n l oad neces s ar y to 

fracture the specimens . Therefore if the load at fracture i s increased , 

then yi will be increased from Eq. (3) . 

For thi s composite system, the increase in strength of the glass 

matri x by the alumina particles can b e easily explained by t he pr oposed 

6 fracture theory of Has s elman and Fulrath. The di spersed alumina par-

ticle s within the matri x limit the fl aw size an d s t rengthen the compos i te . 
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(a) 

(b) (c) 

( d ) (e) XBB 741- 483 

Fig . 7. Scanning electron micrographs of the fracture surfa ce of glas s 
matrix containing: 
( a ) 0; (b) 2LI, 4 v/o of 10-20 11m ; ( c ) 35 . 0 v/o of 20- 30 1Jm; 
(d) 40.0 v/o 20-30 1Jm; and (e) 42.0 v/o of 30-37 1Jm alunlina . 
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Fig. 8. Plot of uniaxial bend strength against fracture initiation 
energy of the glass-alumina composites. 
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The present work was done with the speCimens in region II of Fig. l. 

The constant mean free path should give the constant strength but the 

strength of the composite so obtained shows some va.riation. This can be 

exaplained as follows: 

(1) The mean path was calculated on the basis of the average alumina 

particle size, but the Eq. ( 4) is based on particles of radius R. With 

standard deviations, the strength value so obtained is close to the 

identical strength for the constant mean free path composites. 

(2) The tendency of alumina particles to agglomerate affects the 

strength of this kind of composite system. 

This agglomeration tendency of alumina particles has been avoided 

by improving some of the processing techniques during fabrication of 

the composites. It was found that the strength was approximately 15% 

higher for a composite without the agglomeration of alumina. 

Therefore, uniaxial bend strength of this glass-alumina composite 

system depends on the second phase dispersion. Strengthening of the 

glass by the alumina can be explained by the limitation of the flaw. size 

present in glass by the alumina particles. The application of DCB method 

for calculating yi for this kind of non-homogeneous system is still in 

question. 
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IV. SUMMARY 

The uniaxial bend test for the measurement of .strength and the 

double-cantilever-beam test designed for the measurement of the fracture 

initiation energy y
1 

of a glass-alumina composite system show that the 

alumina second phase dispersion increases the strength of the composites 

and increases the load necessary for failure in the DCB test.. This load 

when u.sed to calculate the y
1 

from Eq. (3), gives increased y
1 

with an 

increase in the volume fraction of alumina. The scanning electron micro

graph of the fractured specimens from the DCB tests show that the crack 

always remains in the glass matrix. The presence of microflaws around 

the crack tip of the DCB specimens introduced by thE: diamond blade as 

observed by the scanning electron microscope leads to similar information 

about the load necessary tc break the specimen to that of 4-point bend

ing test. The tendency of alumina particles to agglomerate reduces the 

strength of the composite. 
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