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Fig. 4.

Enlargement of habit plane at point C in Fig. 2
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CHEMISTRY

Effect of Crack Propagation Velocity on the
Fracture Surface Energy of Poly(methyl
methacrylate)

WE have measured values of the fracture surface
energy (y) at +20° C of a sample of high molecular weight
poly(methyl methacrylate) sheet (‘Perspex’, manufactured
by Imperial Chemical Industries, Ltd., Plastics Division).
In order to measure y over a wide range of crack propa-
gation velocities (¢), we used three different experimental
techniques:

{1) A modification of the static loading method de-
seribed by Van den Boogaart and Turnert in which the
crack length was measured as a function of time. From
the results it was possible to deduce the relation between
v and & by assuming a value for Young's modulus (£ =
2:85 x 10 dynes/em?). This technique covered the range
of velocities from comparatively slow rates (=~ 10-* emy/sec)
up to about 1 em/sec. Beyond this the crack propagation
rate increased rapidly and the specimen failed cata-
strophically.

(2) A modification of the cleavage technique described
by Broutman and MeGarry® which produced controlled
crack growth at various lead screw speods.

(3) Charpy impact tests on sharply notched specimens.
v was taken as the ratio of the energy to break to the area
of the new surfaces croated during erack growth. Although
¢ was not measured accurately, it is betweoen the pendulum
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Table 1
Experimental Crack Fracture
technique propagation surface
velocity energy
{em/sec) (10* dynes/cm)
1 0 365
2 74 x 10 3.7
. 10-3 365
L 6-8 x 10-* 30
3} 10-% 4-0
1, 3x10® 4-75
2 3-3 x 10-* 58
i 10-t 55
2 14 % 10! 51
1 3 x 10! 6-2
2 T6x101 8-9
2 4-3 6-8
2 33 5-3
3 > 240 45

velocity at the point of impact (240 emfsec) and the
maximum possible erack propagation velocity (~ 10°
em/sec). Thus it is substantially higher than in the other
oxperiments.

The results are given in Table 1.

The principal conclusion that cen be drawn from these
experiments is that v, like all other mechanical properties
of poly(methyl methacrylate), is rate-dependent. It would
seem to have a maximum value of about 9 x 10° dynes/em
at about 1 em/sec at +20° C. This conclusion is quali-
tatively confirmed by the fact that crack propagation
was stable at all in the static loading experiment. Stable
crack propagation, in this experiment, implics that -
increases as ¢ increases; a change to unstable, catastrophic
crack propagation implies that a maximum valuo of v has
been roached.

In the static loading experiment the change-over point
from stable to unstable erack propagation is readily seen
by examination of the fracture surface. This makes it
possible to calculate K, by the equation given in ref. 1.
K, can also be ecalculated from the cleavage experiments
by assuming that the maximum value of v is 9 x 109
dynes/ecm and that # is 2-85 x 10! dynes/ecm?®. K. =
E v for plane stress. Both techniques give:

K, = 1-6 x 10® dynes/cm?/®

Another implication of these results is that v will be
higher when measured on notched tension specimens than
when measured in equilibrium cleavage experiments as
found by Berry? for both poly(methyl methacrylate) and
polystyrene.

It i3 well known that, however it is characterized and
measured, the ‘ductility’ of poly(methyl methacrylate)
increages as the temperature is raised above +20° C; it
reaches a peak value and then decreases again with
further increase in temperature. We suggest, therefore,
that the cause of the rate-dependence of tho fracture
surface encrgy may be the heat produced by the localized
‘plastic’ deformation at the tip of the propagating crack.
As the crack-propagation velocity increases, the process
changes from isothermal to adiabatic. It follows that as
the crack-propagation velocity increases, the temperature
at the crack tip increases and therefore the fracture
surface energy first increases and then docreases.
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Structure of Desmosine and Isodesmosine

In 1963 Partridge, Elsden and Thomas! reported the
isolation of two new amino-acids named desmosine and
isodesmosine from bovine ligamentum nuchae elastin.
Sinee then the presence of these amino-acids has been
demonstrated in elastins from various sources®.
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