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Fracture Mechanics under Combined Loading Modes
of an Aluminium Matrix - Boron F iber Composite.

C. F. St. John, K. N, Street, Ecole des Mines de Paris,
Corbeil - Essonne France.

INTRODUCTION

The applicadbility of fracture mechanics expressions to
composites eontaining a low yield strength ductile metal
matriz must contend with bhossible complications due to
gross yielding and internal interface failures. In the
present paper, we describe the experimental aspects of the
fracture behaviour of boron reinforced pure aluminium sup-
Jected to pure and combined tension/torsion loadings (no-
minally modes I and III). The variables studied included

the effects of noteh length and combined loading path de~
pendeney.

EXPERIMENTAL

Unidirectéonally aligned fiber composite plates of
Vf 0,3 were prepared by vacuum hot pressing layups of qi-
ternate layers of boron fiber (100um diemeter) and alumi~
nium foil (99,4%). Pressing conditions varied slightly to

pProduce two sepics of specimens with different shear mo-
dulz G5 (see Table).

Composite Series T(°C)  P(hbar) (k) G15_ (hbar)

B-41 170 ~560 2,5-3 1 4200 %200
Vf 0,3
13 layers 240 ~550 2,6-3 1 3000 t200

Blanks 8mm wide x 60mm long were cut from 1.9mm thick
plates with a diamond cutting wheel,

By EDM techniques, double edge notched DEN specimens
Fig.1 were bprepared with an as-cut noteh root radius of
15-20 um ; additional fatigue cracking proved unsuccessful
Mechanical testing was performed on an Instron machine and
a combined teneion-torsion machine, Load~deformation and
load-torque plots were obtained with the aid of strain
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the loading path dependency. The effect of 3 different
loading paths was determined at four points or "windows”
lying between the pure modes for the series 240 material.
In e¢ach case, a similar path dependency was found, the
form of which ts shown in Fig.5. Audible "pings" attribu—
ted to fibre breaks were detected early in the testa,

K, wae determined analytically as abo-
ve. For the parallel shear mode, the strain energy release

G... = 42 f3c
IIr = b (32a/w)2a,

vere M is the moment and C the specimen compliance. The

rate G,,. s given by

latter was determined from calibrations curves. Due to un-—

11z *° Epppe
reported here as a double normalized plot, Fig.6. The abso-

certainties in the conversion § the results are

lute values were Grrre bure = 0.55 x 1072 dad/em? and Krpn

= 49.2 hbarVim.

Fractographic ezamination showed that crack propagation
under pure shear mode loading had been influenced by mode T
Jforces, Fig.7. In addition pure mode I failures displayed
substantial fibre pullout and matriz-matriz bond failure,
Fig.8. Concequently, mode II failure wae inherent in these
composites. For any one window, radial path fractures
displayed the most pullout.

CONCLUSIONS : Considerable analytical work is needed to
successfully describe the fracture behaviour of ductile
matriz weakly bonded composites.
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