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THE MECHANICAL PROPERTIES AND FAILURE MODES IN
REINFORCED POLYPROLYLENE

Lu Sinien
(The Institute of Mechanices, The Chinese Academy of Science)

Abstract

This paper describes the tension, relaxation behaviour and failure modes in short
fibre reinforced PP. The test material is 20% (by weight) glass fibre reinforced
chemically eoupling polyprolylene. The effects of tension speed and temperature on
tension strength are shown. The g,logV curves are superimposed by shifting along
log V axis to give a master curve of tension strength and shift factors of strength. In
the same way, the shift factors of relaxation and the masier curve of refaxation are
obtained. The log ar-T curve shows that up to 120°C Jog a+ follows an approximately
linear relation with temperaturs as shown in the following equation:

log ar = --0.11 (Z'—%)

This is Lke simplyfied form of W-L-F equation. As the result, it is concluded that
from room temperature up to 120°C the principle of time-temperature equivalence is
acceptable.

The scanning electroniec microscope photographs show five typical kinds of failure
mode on the tension fracture surface. They are brittle, semi-brittle, duectile (cup-like
and layers) and flow mode. The failure mode is greatly affected by test temperature,
strain rate and state of stress. At 15—120°C, it was found that several kinds of failure
mode-semi-brittle, cup-like and layers modes, frequently appeared on one fracture sur-
face. Because short fibre reinforced polymer is weakened by stress concentration
near the top of fibre, or by flaws, when the specimen is loaded, at first, holes nucleat
and grow up in the weak parts. Later, small holes form in the remaining parts, but
they have no chance to grow fully. At last, in the weak parts large holes joined to-
gether and cup-like or layers mode appears. Then crack propagates through the
smaller holes in the rest parts of specimen, and semi-brittle failure mode forms. This
is a new description of failure process in short fibre reinforced plastics. It suggests
that failure process is related with nucleation, growth and coalesence of holes.



