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Effect of fibre/matrix interface structure on 
strength and plasticity of boron aluminium 
reinforced with discontinuous fibres 

L. M. U S T I N O V ,  L. A. VERKHOVSKY 
A.A. Baikov Institute of Metallurgy, USSR Academy of Sciences, Moscow, USSR 

The variation of strength characteristics of boron aluminium were studied in relation to the 
structure of the fibre-matrix interface. It was found that effects of optimal discrete 
reinforcement of boron aluminium may be realized to a certain extent if such structural 
characteristics of the interface as density of interphase bonds, O, are purposefully changed. In 
the case where 0 = 0.340, the effect of discrete reinforcement is the largest for both failure 
work and elongation, if the composite strength remains relatively high. Failure work of discrete 
reinforced boron aluminium is five times higher than that of the continuously reinforced one, 
but relative elongation reaches ~ 10%. 

1. Introduct ion 
It has been shown [1, 2] that reinforcement of metals 
with discontinuous brittle fibres is likely to result 
in greater strengthening, compared to continuous re- 
inforcement. In addition, plasticity and, hence, vis- 
cosity of fracture can increase abruptly. According to 
theory, these effects are realized provided the length of 
discontinuous fibres is comparable with the critical 
fibre length and amounts to 2-4 lr in the case of boron 
aluminium. The effect of strengthening due to dis- 
continous reinforcement is inversely proportional to 
the coefficient [3 although, at the same time, the fibre 
length at which maximum strength is achieved grows. 
This is clearly seen in hypothetical boron aluminium 
whose fibre strength is 3000 MPa (with 20 mm gauge) 
and diameter is 0.1 mm, the volume fraction being 0.5 
and matrix strength 500 MPa [2]. According to these 
data, for common values of 13, the fibre length at which 
the above effects of discontinuous reinforcement can 
be expected should not exceed 4-5 mm. 

This work describes an effort to verify the experi- 
mental conclusions of the theory, particularly where 
they concern problems of raising the plasticity and 
work of fracture of boron aluminium. 

2. Experimental procedure 
The dynamic compaction method of pre-heated 
evacuated containers with piles of blanks was used to 
produce unidirectionally reinforced boron aluminium. 
Plasma-deposited aluminum ADI served as matrix. 
Flat-stressing test-pieces shaped as double-sided 
blades were cut out of boron aluminium plates along 
the reinforcement direction using the electric-arc 
method. The width, length and thickness of the effect- 
ive section of the specimens were 3.5, 12 and 2 mm, 
respectively. The diameter of the boron fibres was 
0.13 ram, volume fraction, V~, 0.33. 

To alter the fibre/matrix interface structure in the 
direction desired, the specimens were annealed in air 
in a resistance furnace at 400, 500, 520, 550 and 580 ~ 
for 1 h. Boron aluminium, as well as boron etched out 
of it with 10% KOH solution, were tested in an 
Instron machine at 1 mm min- 1 deformation rate. The 
fibre testing gauge was 25 ram. The boron aluminium 
discontinuity extent was found experimentally. In fact, 
the matrix was etched off the boron aluminium in 
10% KOH solution, followed by evaluation of the 
average length of the boron fibres that had been 
broken at the boron aluminium dynamic compaction 
stage. 

3. Characteristics of discontinuously 
reinforced boron aluminium 
stress-strain curve 

Fig. 1 and Table 1 contain results of boron aluminium 
stress-strain tests. They show that boron aluminium 
strength and plasticity generally do not undergo 
changes when the annealing temperature is below 
500 ~ However, ~c declines at 500 ~ which can be 
accounted for by random deviation of the plot of ec 
against annealing temperature (Fig. 1). It is of interest 
that the fracture elongation of the discontinuously 
reinforced boron aluminium is 10%-12% while that 
of the continuously reinforced, similarly structured 
one does not exceed 2-3% (Fig. 2). As the annealing 
temperature increases further, the boron aluminium 
strength and plasticity increase noticeably, reaching 
maximum values at 520~ maximum elongation 
( > 10%) takes place at 520-550 ~ Abrupt decline of 
these mechanical properties, particularly plasticity 
( ~ 4%), takes place at 580 ~ 

An unusually large fracture elongation of boron 
aluminium seems to be responsible for the unusual 
shape of its stress-strain curve, which is quite different 
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Figure 1 Strength and fracture elongation of discontinuously re- 
inforced boron aluminium versus annealing temperature. 

from that of the continuously reinforced boron 
aluminium. In fact, the stress-strain curve of the 
discontinuously reinforced boron aluminium posses- 
ses six typical stages. They are the initial stage (be- 
tween points 1 and 2); the elastic deformation stage, 
where both matrix and fibres undergo elastic deforma- 
tion; the transient stage (between points 2 and 3) 
where, at elastic deformation of fibres, the matrix is 
gradually involved in plastic deformation as the load 
increases; plasto-elastic deformation stage (between 
points 3 and 4) where the matrix undergoes plastic 
deformation and fibres undergo elastic deformation 
accompanied by clearly audible ruptures that do not 
yet have any crucial effect on material fracture; the 
prefracture stage (between points 4 and 5) where, 
judging by the toothed character of this section of the 
curve and also by audible signals, fibre ruptures be- 
come much greater and is concentrated in the speci- 
men fracture site; the overall boron aluminium frac- 
ture stage (between points 5 and 6) characterized by 
abrupt dip of load which seems to be related to 
fracture of the matrix in the weakened cross-section of 
the specimen; the final stage (between points 6 and 7) 
where fibres are pulled out of the matrix. The latter is 
characterized by very small stresswhich is inversely 
proportional to deformation (see Fig. 3). 

From the initial stage and up to the overall fracture 
stage, stresses grow proportionally to deformation, its 
intensity, evaluated by the stress-strain curve slope, 
decreasing in passing from region to region. The 
stress-strain curves were constructed without using 
an extensometer, so it was impossible to obtain a 
reasonably accurate deformation range of the first 
regions in which the elastic deformation is relatively 
high, particularly at the first stage of elongation. In 
stress-strain sections 3-6, i.e. where matrix plastic 
deformation prevails, the evaluated deformation and, 
hence, overall fracture elongation, ~r = e~), describes 
the plasticity of the discontinuously reinforced boron 
aluminium adequately. 

The transient stage (section 2) is characterized by 
gradual decrease of tg at when deformation grows. The 
plasto-elastic deformation stage (section 3) is the 
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Figure 2 Stress-strain curves of boron aluminium with continuous 
fibres compacted at 520 and 580 ~ Hatched section corresponds to 
work of fracture of boron aluminium with Vf = 0.33 (calculated). 
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Figure 3 Stress-strain curve of discontinuously reinforced boron 
aluminium, 0 = 0.113. 

longest and has a constant slope, i.e. constant defor- 
mation hardening coefficient. 

The pre-fracture stage, which is rather short, is 
characterized by a smaller deformation hardening 
coefficient than the previous one. In boron aluminium 
annealed at 550 and 580~ the pre-fracture stage 
degenerates. In the final, sixth, stress-strain curve 
section, the fibres are pulled out of the matrix. The 
length of this section can be assumed to grow propor- 
tionally to the average length of the fibres pulled out 
of the matrix when rather great friction forces exist 
between the fibres and the matrix. As the fibres are 
pulled out of the matrix, the overall specimen load 
goes down, thus exerting an influence on the generally 
declining curve trend at this section. 

4. St ructure  and strength of the 
f ib re /mat r ix  interface 

The structural state of the fibre/matrix interfaces was 

evaluated using the planimetric method described in 
[3]. With this end in view, shear tests of specially 
prepared boron aluminium specimens were carried 
out. The area of aluminium pieces stuck to the boron 
fibres was determined by the surface condition of these 
fibres that had emerged on the boron aluminium 
surface due to shear. The ratio of this area and the 
reinforcing fibre surface, yields the interface bond 
density, 0. For boron aluminium annealed at 580 ~ 0 
was determined by the surface of fibres pulled out of 
the fracture-tested specimens. 

As the annealing temperature increases, 0 grows, at 
first (up to 520 ~ slowly and then rapidly reaching 
the maximum value of 0.57 at 580 ~ (Table II and 
Fig. 4). To find the structural elements influencing the 
growth of 0, the density, 02, of islands of the new 
phase, boride in this case, was evaluated. On increas- 
ing the annealing temperature to 520 ~ 02 grows as 
slowly as 0, and at higher temperatures, as fast as 0. 
Practically over the entire annealing range, 02-~ 0 
and, hence, the density of bonding sites, 01, found as a 
difference between 0 and 02, is zero. It can be con- 
eluded from this that annealing of dynamically com- 
pacted boron aluminium specimens causes the density 
of interface bonds to grow, which is due almost 
entirely to formation and growth of islands of the new 
phase, i.e. sintering. 

The results obtained make it possible to reveal, to a 
certain extent, the kinetic side of the process in which 
the fibre and matrix are bound together. We will 
confine ourselves to evaluation of A0/AT ratios that 
represent the increasing density of both the interface 
bonds and islands of the new phase. They also charac- 
terize the fibre/matrix sintering rate and are found 
from equations 

hO 0 (2) -- 0 (1) 

AT T 2 - -  T 1 

A02 0(2 2 ) -  0(2 I) 
T T 2 -- T 1 
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Figure 4 Annealing temperature of discontinuously reinforced 
boron aluminium versus interface bond density, 0, and density of 
the new phase, 02. 



T A B L E  I I  Structural and mechanical characteristics of discontinuously reinforced boron aluminium 

Annealing zr 0 0 2 @f 13 "cm x 
temp. (MPa) (MPa) (MPa) (MPa) 
(~ 

let ~ lf/lf~ 
(ram) (mm) 

Initial state 8.2 0.033 0.040 2910 6.04 36.4 1.2 
400 11.2 0.070 0.063 2440 6.20 45.7 3.2 
500 - - 0.083 2160 7.17 - - 
520 11.5 0.113 0.093 2060 6.55 40.0 4.5 
550 12.5 - 0.340 1180 2.26 26.2 8.9 
580 - 0.570 0.607 797 2.13 2.3" 13.2 

205 12.9 2.8 
37.5 10 4 
- 11 - 

26.7 7.6 5 
5.56 16.7 2.1 

1.4 7.7 4.6 

"Obtained indirectly. 

where 0 (2) and 0 (1) are densities of interatomic bonds 
at annealing temperatures Tz and T 1, respectively, 
and 0~ 2) and 0(21) are densities of islands of the new 
phase at these temperatures. Calculations showed 
A0/AT and A 0 z / A T  to be 0.35x 10-* and 0.17 
x 10-4 1 K-1  within the annealing temperature range 

400-500 ~ which is two to three orders of magnitude 
less than similar characteristics calculated for the 
550-580~ range and equal to 123x 10 -4 and 
88 x 10-* I K-1 ,  respectively. 

Similar procedures can be used to evaluate the 
kinetics of interface structure formation depending 
on other process parameters, i.e. pressure and time of 
compaction. Here, we can find an unambiguous rela- 
tionship between compaction process parameters, 
interface structure and composite material strength. 

Strength and [3 coeff• of boron fibres extracted 
from boron aluminium are practically the same in 
both the unannealed and annealed states up to 520 ~ 
inclusive. At higher boron aluminium annealing tem- 
peratures, @f and 13 go down markedly, which is 
directly related to an abrupt increase in the A02/AT 
ratio that describes the stage at which the islands of 
the new phase are growing, in contrast to that at 
which they originate, the latter being characterized by 
low values of this term. 

Judging by the interface bond density, 0, and boron 
aluminium interlayer, the interface strength, z, was 
found assuming that, as a first approximation, the 
strength of islands of the new phase is equal to that of 
the matrix. The known Equation 3 coupled with that 
of x versus 02 was used for calculation taking into 
account the given assumption 

�9 ~ = ~m5~ + ~gi (3) 

X = Tin02 (4) 

where ~ and qJm are interface and matrix shear strength, 
respectively; Sm is the shear fracture-affected surface 
area occupied by the matrix in gaps between adjacent 
fibres; Si is the fracture surface area of fibres 
(~ = I - S m ) .  

Here, besides ~, we will also calculate ~ .  The results 
are shown in Table II. The distance between the 
reinforcing layers and fibre diameter was used to 
calculate Sm and ~ which were 0.2 and 0.8. 

The value of ~ grows continuously in proportion to 
the annealing temperature. However, even its max- 
imum value is several times less than the matrix 
strength. 

338 

5. Effects of discontinuous 
re inforcement  

The average length of fibres etched out of original, 
50 mm boron aluminium specimens was ~ = 36 mm 
and the critical fibre length, l~r, calculated from Equa- 
tions 1 and 2 is 

(~?(tl)t~/%) ter = \ ~ [3/(1+[~) (5) 

where ~ -  (11) is the average strength of/1-based fibres 
(25 ram); df is the fibre diameter (see Table II). The 
boron aluminium reinforcement discontinuity extent 
is found from the ~/lcr ratio. According to theory, the 
effect of discontinuous reinforcement to enhance the 
boron aluminium strength must be noticeable with 
~/lr being not more than ~ 6 for [3 = 2-6 [1, 2]. 
Thus, we can conclude that, keeping in mind ~/ler and 
the specimen length as a first approximation, the 
boron aluminium annealed at temperatures below 550 
and 580 ~ can be taken as the discontinuously re- 
inforced one. 

With boron aluminium being strained at the 
plasto-elastic deformation stage, the fibres are con- 
tinuously broken into shorter lengths. This process 
occurs, largely, as a result of friction forces that exist 
between the fibres and matrix and are not taken into 
account here. Thus, while approaching the pre-frac- 
ture stage, the fibres become shorter and shorter and, 
therefore, in conformity with the scale effect, stronger 
and stronger. Each following fibre break requires 
greater stress. It is this fact that accounts for the slope 
of the curve whose angle characterizes the work hard- 
en ing  coefficient at the plasto-elastic deformation 
stage. It goes without saying that, in this case, the 
nature of the work hardening coefficient is quite differ- 
ent from that of metals and alloys. 

It is of interest to stress that the breaking process 
occurs in boron aluminium with a rather large volume 
fraction of fibres (Vf = 0.33). This unusual fact is 
accounted for by low interface bond density, owing to 
which fibre failures seem to be localized as a result of 
its separation from the matrix in this particular place 
due to the poor interface. In other words, individual 
fibre fracture has no effect on fracture of adjacent ones 
occurring as a result of the concentration of stresses 
and matrix deformation in the place of fracture. Only 
when the total quantity of cracks in some local speci- 
men volume reaches a certain "critical" value, does its 



deformation in this volume start to become localized. 
This is where the pre-fracture stage begins in which 
the fibres are being ruptured intensely by the over- 
load mechanism until general Specimen fracture is 
achieved. 

As the interface bond density increases, the length of 
the plasto-elastic deformation stage, A~ ~4)-~3), grows 
from 4% to 8% at 0 = 0.340; afterwards, it drops 
abruptly to 2% at 0 = 0.570, while the length of the 
pre-fracture stage, A~ (s)-(4), decreases continuously 
from ~ 1.5% at 0 = 0.033 to almost zero at 0 = 0.340 
(Fig. 5). 

The work hardening coefficient at the composite 
plasto-elastic deformation stage, tg ~, at first 
grows almost two-fold proportionally to 0 (at 
0 = 0= = 0.083) and then drops back to the initial level 
(Fig. 6). This growth seems to be due to the most 
favourable fibre breaking conditions existing at 0 
= 0.083. As the work hardening coefficient grows, the 

composite plasto-elastic deformation stage decreases 
slightly (Table I). An almost similar dependence of 
work hardening coefficient on 0 also exists at the pre- 
fracture stage (Fig. 6). This points to the fact that the 
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Figure 5 Lengths of the plasto-elastic deformation, (O) Ac (4)-(3~, 
and pre-fracture, (0 )  A~ ~5)-('~), stages versus interface bond density, 
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Figure 6 Work hardening coefficients at plasto-elastic, (0)  tg ~ ,  
and pre-fracture, ((3) tg %, stages versus interface bond density. 

main reason for work hardening at both stages is the 
fibre breaking process. It has already been mentioned 
that the pre-fracture stage is characterized by localized 
deformation and fracture that occur within the so- 
called characteristic length lch which is equal to 
0.25 lc,, as shown by Shoshorov et aL [4, 5]. With lo, 
decreased, Ich decreases as well, as do A lch and 
A~ (5)-(4), equal to the specimen testing gauge (Fig. 7). 

The boron aluminium reinforcement discontinuity 
is inversely proportional to 0, as the ~/Ic, ratio in- 
creases from 0.170 to 25.7 (Fig. 8). In fact, due to 
breaking of fibres during boron aluminium straining, 
the discontinuity of reinforcement increases. Analysis 
of broken specimens showed that prior to fracture the 
discontinuity of the specimen fibrous structure grows, 
because the ~ / l ,  ratio goes down two to five fold as 
compared with lf/1,. The increase in 0 results in the 
[-f*/l~r ratio increasing to a maximum equal to 6 at 
0 = 0.570 (Fig. 8). 

The stress-strain-tested boron aluminium can be 
treated as a composite discontinuously reinforced 
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Figure 7 Length of the pre-fracture, ,5~ ~5)-(4), stage versus critical 
fibre length, l~r. 
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Figure 8 Extent of boron aluminium reinforcement discontinuity 
versus interface bond density in the initial state, (O)~/lcr, and after 
break-test, (O) l*/Icr. 
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with fibres whose average length is close to optimum 
[2]. However, there must exist a reservation that the 
plasticity of the matrix of this composite has been 
partially exhausted. In addition, the material is satur- 
ated with pores and cracks formed as a result of fibre 
breakage. Therefore, to take full advantage of discon- 
tinuous reinforcement to achieve both maximum 
strength and plasticity seems to be impossible. 

With 0 = 0.340, the boron aluminium has max- 
imum strength because, in this case, boron fibres are 
not only relatively strong, but also have a low coeffi- 
cient [3 (close to 2); according to theory [2], 
this yields the greatest strengthening effect of discon- 
tinuous reinforcement. 

The If/l? ratio describes not only the intensity of 
fibre breakage during stressing of a composite mater- 
ial, but also its defectiveness, i.e. the specific number of 
pores and cracks formed as a result of fibre breakage. 
On the one hand, the fibre breakage process resulting 
in a more optimum variant of discontinuous reinforce- 
ment improves the material plasticity, while, on the 
other hand, an unfavourable tendency from this mech- 
anical property (i.e. greater defectiveness) manifests 
itself more vividly. Thus, it becomes clear why max- 
imum plasticity is achieved at minimum breakage 
intensity occurring at 0 = 0.340 (Fig. 9). 

The discontinuous reinforcement effect manifests 
itself in one way or another in practically all speci- 
mens, the maximum plasticity and strength being 
achieved at 0 = 0.340 (Fig. 10). 
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Figure 9 Fibre breakage intensity, le/~, versus length of plasto- 
elastic deformation stage, Ag (4)-(3). 

OA 

,g" 

Ib" 0 2  

0 O.Z 0.4 0.6 

O~ e z 

Figure 10 Relative strength of discontinuously reinforced boron 
aluminium, ~o/~rf, versus interface bond density, 0. 

6. W o r k  o f  f r a c t u r e  
According to the theory, optimum reinforcement with 
discontinuous fibres improves the composite strength 
and plasticity and, therefore, work of fracture. We 
will illustrate this by a concrete example. Using the 
stress-strain curve we can determine the work of 
fracture of discontinuously and continuously reinfor- 
ced boron aluminium, as well as ADI aluminium 
matrix, plasma-deposited and compacted to 100%. 
According to Shorshorov et al. [6], the matrix 
stress-strain curve at the plastic deformation section is 
practically linear; the yield point and ultimate tensile 
strength are ~ 30 and ~ 80 MPa, respectively, and 
fracture elongation is ,-~ 25%. The area under the 
stress-strain curve in cr-s coordinates, which we mark 
as W(mmZ), will be taken as the conventional charac- 
teristic of the work of fracture of the material. 

Calculations showed that the work of fracture of 
the discontinuously reinforced boron aluminium gen- 
erally grows proportionally to 0 and reaches a max- 
imum at 0 = 0.340; after that it declines abruptly (Fig. 
11 and Table III). The contribution of the last stage of 
fracture of discontinuously reinforced boron alumi- 
nium (when fibres are pulled out of the matrix) to the 
total work of fracture, is relatively small and does not 
exceed 3%-4% W (Table III). With 0 growing, Wp 
grows to maximum at 0 = 0.113 and then decreases, 
slowly at first and then very rapidly at 0 > 0.340. 

Comparing the characters of W and Wp with 0 and 
02, we can claim that the highest values of W and Wp 
seem to lie somewhere between those of 0 and 02 equal 

T A B L E  I I I  Work of fracture of discontinuously reinforced boron aluminium 

O; 02 ~/lcr ~* /lcr W Wp Wp/W• 100% ~** ~** /d, lcr/d f 
(mm 2) (mm 2) (ram) 

0.033 0.170" 0.06 4850 12 0.25 13.25 103.8 1577 
0.070 1.04 0.26 4575 55 1.20 8.62 66.3 288 
0.083 - - 3475 107 3.08 5.62 43.2 - 
0.113 1.35 0.28 5328 115 2.16 5.80 44.6 205 
0.340 6.4 3.00 5700 113 2.00 5.22 40.1 43 
0.570 25.7 5.5 1300 50 3.84 2.96 22.8 11 
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Figure 11 Conventional work of fracture of discontinuously re- 
inforced boron aluminium versus 0. (O) Total work of fracture, W; 
(�9 work of fracture performed at the stage when fibres are pulled 
out of the matrix, Wp. 

to 0.113 and 0.340. The main reason for the abrupt 
decline of W and Wp at 0 = 02 = 0.570 lies in both 
great reduction in plasticity and loss of fibre strength, 
resulting in a similarly striking reduction of its critical 
length. Thus, the material no longer behaves like that 
optimally reinforced with discontinuous fibres char- 
acterized by lf/ler of 2-6. This is in agreement with 
experimental data on lf/lcr and ~*/ler that describe the 
extent of discontinuous reinforcement of boron alumi- 
nium investigated in this study (Table III). 

In studying the boron aluminium fracture surface it 
was noticed that, with increase of 0 and 02, the average 
length of/~'* fibres pulled out of the matrix, decreases. 
To give quantitative evaluation of this dependence, 
use was made of x 4 - x  8 magnified photographs of 
the boron aluminium fracture surface profile. The 
average length of ~** fibres pulled out of the matrix 
was found by direct measurement. It must be admitted 
that the average length of pulled out fibres seems to 
be related to the critical fibre length through a certain 
dependence, because with growth of 0 and 02, both 
characteristics decrease monotonically (Table III). 
The l c jd f  versus lf**/df curve plotted on logarithmic 
coordinates has the form of a straight line correspond- 
ing to the equation 

Icr/d f = a(~** /df)" (6) 

where a = 5 • 10 -s and n = 3.11, both having been 
found by the method of least squares. This semi- 
empirical equation is probably true for cases when the 
boron aluminium fracture is of a relatively viscous, 
cumulative character, which agrees with moderate 0 
values. This equation can be used for evaluation of the 
critical fibre length by the boron aluminium fractogra- 
phy, although with certain limitations, e.g. with ~**/df 
not greater than ~ 104 and not less than ~ 23, 
i.e. extreme values used as a basis on which the 
equation was derived. 

Let us compare the work of fracture of discontinu- 
ously and continuously reinforced boron aluminium 

whose stress-strain curve is shown in Fig. 2. The 
volume fraction of fibres is almost twice as great in the 
latter as in the former. This must be kept in mind in 
evaluation of W of the discontinuously reinforced 
material. 

Assuming that fibres make the greatest contribution 
to the boron aluminium strength, and fracture elonga- 
tion is practically identical in boron aluminium with 
Vf = 0.33 and 0.60, we will construct a hypothetical 
stress-strain curve of continuously reinforced com- 
posite with V r = 0.33 (Fig. 2) whose fibre strength, 
according to Shorshorov et al. [3], is 1950 MPa (com- 
pacted at 580~ Let us compare it with the dis- 
continuously reinforced boron aluminium whose 
fibres have similar strength, i.e. with composite an- 
nealed at 520 ~ where 6-f = 2060 MPa. The work of 
fracture of discontinuously reinforced boron alumi- 
nium expressed in conventional units W is 5328 mm 2, 
i.e. approximately five times as large as that of 
continuously reinforced material with effective fibre 
volume fraction, i.e. 1015 mm 2. 

The work of fracture of the plasma-deposited and 
hot-compacted aluminium ADI can be evaluated by 
the conventional characteristic W which is almost half 
the size of that of the discontinuously reinforced one 
and is 2875 mm 2. 

It must be stressed that the strength of the dis- 
continuously reinforced boron aluminium is very sim- 
ilar to that of the continuously reinforced one, having 
an equivalent fibre volume fraction Vf = 0.33. 

The experimental results shown above were ob- 
tained on the material in which all the advantages of 
discontinuous reinforcement were not made use of, 
because some of the conditions had not been met. 
Among other things, fibres of the same specimen 
differed in length, and when the average fibre length 
was close to the optimum value, the relatively high 
vulnerability of the material to damage, due to break- 
ing of fibres, prevented full realization of the effect of 
strengthening by discontinuous fibres. 

7. C o n c l u s i o n s  
1. A moderate fibre/matrix interface density pro- 

vides for partial use of the effects of reinforcement by 
discontinuous fibres. 

2. With an interface bond density of 0.340 and a 
fibre volume fraction of 0.33, maximum strength and 
fracture elongation (10%-12%) are achieved. The 
work of fracture of the discontinuously reinforced 
boron aluminium is five times that of the continuously 
reinforced material and twice that of the matrix frac- 
ture work. 

3. The stress-strain curve of the discontinuously 
reinforced material with a moderate interface bond 
density (0 < 0.540) comprises five sections character- 
ized by specific deformation and fracture mechanisms. 

4. The stress-strain curve section corresponding to 
the composite plasto-elastic deformation stage pro- 
vides for maximum contribution to total elongation 
and has a linear character, i.e. constant work hard- 
ening coefficient whose nature depends on the intens- 
ity of fibre breakage into shorter, and, hence, stronger 
sections. 
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5. With increasing boron aluminium annealing 
temperature, the interface bond density increases due 
to increasing density of islands of the new phase. 

6. With increase of the annealing temperature 
above 520 ~ the boron aluminium strength declines, 
due to great loss of fibre strength which can be 
accounted for by the presence of islands of the new 
phase at the fibre/matrix interface. 

7, Stressing of the discontinuously reinforced boron 
aluminium having great volume fraction (Vf = 0.33) 
and moderate interface bond density, gives rise to 
further breakage of fibres; as a result, structural 
characteristics of the material are very close to dis- 
continuous reinforcement conditions. 

8. The increase in the average length of the fibres 
pulled out of the matrix is inversely proportional to 
the interface bond density and proportional to the 
critical fibre length in logarithmic coordinates. 
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