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ABSTRACT

In this report will be discussed the mechanical
cleavage test for characterization of polymer. It
serves as a reliable guide in the selection of mate-
rial, semi-finished and finished products, and appli-
cations. These tests also have the advantage of clear-
ly indicating the obvious weak points in any initial
design. The data can then also be used to indicate the
most likely modification that will result in optimum

performance.

The report contains some results of the cleavage-test.
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PREFACE
This report is a research work in cooperation with
Viggo AB, Helsingborg, Sweden, describing a mechanical

cleavage-test method for characterization of polymer

products.

Bords June 1987

Janos Hetenyil



1 INTRODUCTION

Finished product or article properties, also called
end-use properties, are very complex and in principle
determined by combination of intrinsic and added pro-

perties.

The most serious obstacle in the design of plastic
articles is the influence of stress concentration

which should therefore be reduced to a minimum.

A micro-cleavage test is where a sharp edge under load
is caused to move across a specimen. A specimen will
always fail in a manner corresponding to the lowest
energy necessary to produce failure. If the energy
necessary to produce brittle failure is higher than
the enerqgy necessary to produce ductile failure, the

specimen will fail in a ductile manner and vice versa.

In this report the basic principles of the mechanical
cleavage test characterization of polymer with the

techniques in conducting the test will be discussed.



2 THE CLEAVAGE CHARACTERIZATION OF POLYMER

A micro-cleavage test is where a sharp edge under load
is caused to move across a specimen under load. There

are four variables involved:

- the load on the cleaving edge

- the velocity of the cleavage
the tangential force needed to propagate the cleaving
crack
the geometry of the cleaving edge and specimen.

The general approach is that of macro-theory in that
no consideration is given to micro-structure or the
molecular nature of the polymer. The analysis will be
developed as a branch of continuum mechanics so that
polymers are assumed to be infinitely divisible and
elements of material can be considered to be infinite-
ly small. The results of the analysis are therefore
most reliable when describing the behaviour of a pro-
duct whose dimensions are large compared with its

structure.

Finished product or article properties, also called
end-use properties, are very complex and in principle
determined by combination of intrinsic and added pro-
perties. The latter are obtained by processing. They
depend also, and mainly, on the system of which the

article forms part.

Product properties are system related. However, the
correlations between these basic material properties
and the more or less subjectively defined article pro-
perties have often been partly investigated, or are
not yet fully understood. It is, of course, impossible
to give a general survey product properties. Every
article has to be considered in its specific applica-

tion as part of a system.



The most serious obstacle in the design of plastic
articles is the influence of stress concentration

which should therefore be reduced to a minimum.

The total energy required to produce cleaving failure

is really made up of two components:

- a crack initiation energy

- a crack propagation energy.

A specimen will always fail in the manner which
corresponds to the lowest energy necessary to produce
failure. If the energy necessary to produce brittle
failure is higher than the energy necessary to produce
ductile failure by viscous flow cleavage, the specimen

will fail in a ductile manner and vice versa.

Crack propagation can be reduced by additives of
finite colume elements arresting the crack after it
has formed. The former are achieved by addition of a
highly elastic disperse phase with sufficient degree
of adhesion of the interfaces between the phases so
that the approaching crack is not deflected away from
the energy-absorbing highly elastic volume elements by

physical approach barriers.

The inclusion of fillers generally promote embrittle-
ment because it also constitutes notching of a kind.
On the other hand, if fillers have compensation such
as dispersed energy absorption potential or spreading
of stresses over larger volumes, as a fibrous filler,
or 1f they have specific chemical or physical inter-
actions with the polymer which may outweigh the in-
trinsic notch embrittlement, then these promote tough-
ness in the result. The brittle strength has been
raised above the ductile strength and it will there-

fore be a tough failure.



The efficiency of the toughening specimen in this way

depends on:

- size and shape of specimen, internal corners, notch-
ing to varying degrees

- the level of the residual stresses

- the non-uniform distribution of the residual stresses,
anisotropic stress history

- molecular welght and weight distribution

- fillers, plasticizers, and other modifying additives

- the sufficlient degree of adhesion of the interfaces
between the phases

- the weight proportion of the disperse phase.

The design engineer has additional problems and the

following variables are involved:

- temperature

- strain and straining rate

- stress, type of stress, and stressing rate, the
proportion of anisotropy in the total stress, the
previous stress history

- time and time frequency

- the presence of modifying additives, fillers,
plasticizers, degradation products, comonomer built
into the chain cross linking

- the morphology of the polymer, crystallinity, type and

size of crystallites, orientation.

From the user's point of view the prime requirement of
cleavage data is to give a reliable guide to the end-

use behaviour of a fabricated component in practice.



However, the performance requirements, the environ-
mental conditions, the design and the size of the pro-
ducts can vary considerably for different applications.
Equally, the method of fabrication and the processing
conditions can also vary and, as previously emphasized,

all these factors can influence the performance.

By the cleavage data, it is possible to sensibly com-
pare materials and greatly assist in their selection
for specific applications. In general, however, it is
necessary to supplement such data by tests, more close-
ly simulating actual service conditions, on actual fab-
ricated., finished components. These tests also have the
advantage of clearly indicating the obvious points in

any initial design.

This basis must also be clearly understood if the data
are to be interpreted and used correctly. The data can
then also be used to indicate the most likely modifica-

tion that will result in optimum performance.

The simplest classification of the mode of failure ob-
served under cleaving conditions with products would
result in a division into those that are typically

brittle and those that are typically ductile.

I1f, during any test, a load-cleavage curve was ob-
tained, these two types of failure would give curves

simular to those shown in Fig. 1.
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Figure 1 Typical load-movement curves for brittle and
ductile failures

As the area under the curve is a measure of the frac-
ture energy, it can be seen that brittle fallures are

associated with much lower cleavage energies than duc-

tile failures.
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3 EXPERIMENTAL CALCULATION TECHNIQUES AND EQUIPMHENT

In most practical situations the failure of a product
be descended from a crack which originates in the
vicinity of some stress concentration, and so it is of
major importance in design studies to estimate the
local stress state. Complete analytical solutions to
such a complex situation are very few in number and the
discussion here will be limited of small strains and

linear elastic materials.

As an example of its use as an analytical tool we may

consider the parallel cleavage specimen shown in Fig. 2.
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Figure 2 Parallel cleavage specimen

This specimen is quite convenient for testing and has
been found suitable for use in cleaving-failure work.
No attempt will be made here to examine criteria of
fracture in any detail, but it is useful to define some

terms in current use.



w ] P

Assuming that the material is linearly elastic, for any
given cleavage-failure deformation there will then be a
linear relationship between the

F2 N effective tangential load of applied load
(0.5%xF1)

Fl N applied load on cleaver edge

and

L1 m the resulting deflection.

The slope of this line

Cl = LL (1)

F2

may be taken as

Gk m/N compliance.

Now at any given load

Ul J the stored elastic energy is given by

Ul = 1 *# F2 x L1 = L x-FZz ¥ Cl (2)
2 2

and

Gl J/m2 ((J/m)/m) the rate of released deformation

energy per unit thickness given by

2
— 1_¥3U1 _ E2 ¥3c1

Bl JHL 2xB1 JH1

(3)
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where
Bl m the width (plane length) of cleavage failure
H1 m the length of bending moment span

The inclusion of Bl enables specimens to be considered

where Bl is different from the overall specimen thick-

ness B2.

Equation (3) by using relationship Kl = (E:].xGl)l/2

may be related to the

El Pa the bending modulus

K1l (]stZ/mB)l/2 stress intensity factor

that 1s

x1? - m1 o B2 4 a0l (4)
2XB1l JH1

For the parallel cleavage specimen the two arms may be
treated to a first approximation as two slender canti-
levers may be analysed using conventional beam theory.
Thus the compliance for both arms are given by

3
oy - 2%¥L1 _ 2 HL 153
F2 3 ElxIl

since the resulting deflection

3
1, F2xH1® (6)

3 E1xIl

Ll =
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substituting for

11 m the boundary moment of inertia of the
cross section B2xH4 given by

3

11 = B2xH4
s

where
B2 m the overall width of the specimen
H4 m the thickness of the cantilevers

part of the specimen

and differentiating equation (5)

2
JC1l _ 24xH1

JH1 ElxB2xHa3

and hence
2 2
K12 = 4xF2 g (3xHl )

B2xB1l Ha3

Because of the conventional beam theory limitations
this equation requires also to include

L2 - shear deflection factor of plane stress,

that 1is

2 7
K12 - AXF2 y (3xHL , 3 5 (1+12))
4

B2xB1 Ha3 H4

(7)

(8)

(9)

(10)
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This special case L2 1/3 and B1l=B2

that is

3/2 2
K1lxB2xH4 = 2(3)L/2 & (1 + 1 x H4 yl/2
F2 % Hl 3 H12

Correction for the fact that the cantilevers are
not truly built-in can also be made numerically
and a proven form of correction is

3/2
Klxbaniia = 3. dB+2. 3000

F2xH1 H1

The test measures, the cleavage failure and
strength-crack sensitivity of materials and pro-
ducts. The ability of a material or finished pro-

duct to resist crack fracture.

In many practical cases and particularly in test-
ing finished products, it is generally not poss-
ible to obtain analytical or precise numerical
solution, and simplification can then be made,
e.g. the following should then be considered

cleaving load

-~ at yield and fracture initiation or
at vield and maximum load

- cleavage energy for vield and fracture
initiation or for vield and maximum load A1 N

Al = H?F(HZ)XdHZ
ref

(11)

(12)

(13)
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For testing purposes the methods often may be
applied to a wide range of geometries. It is
essential to have more precise comparable speci-
fic results. The methods available for additional

results are:

- cleavage stress at yield and fracture initiation

or at yield and maximum load

M
s1 - ML (14)
Wl
where
2
S, N/m the cleavage stress
ML Nm the bending moment
Wl m3 the section rigidity (section modulus)

of the cross section of cantilevers

The bending rigidity for the rectangular cross

section is (leH42)/6

The cleavage strength is

AZ = Al (15)
BZ2xH3
Al J the energy required for cleavage
failure of the specimen
B2 m the overall width of the specimen
H3 m the overall depth of the cleavage

failure

2
AZ J/m the cleavage strength
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The mechanical testing apparatus INSTRON 1122 for

cleavage behaviour is equipped with a SP/VIGGO cleavage

device. The schematical device for testing is shown in
Fig. 3. The cleaving edge is STANLEY No. 1992.
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4 REPORT AND SOME RESULTS

The report should contain the following information:

Type and designation of the tested specimen, base mate-
rial, semi-finished or finished products.

Date of preparation of the specimens.

Shape and dimensions of the specimen.

Condition of preparation of the specimen.

Isotropic or anisotropic specimens,if any.

Position and direction of the cleavage test with re-
spect to the cross-wise or length-wise to the process

flow direction.

Normally, five specimens are tested for each sample, in

case of isotropic or molded specimens.

For anisotropic materials tests on specimens length-
wise and cross-wise the principal axis of the aniso-

tropy are indicated.

If the arithmetical mean of all absolutely calculated
deviations of the individual results exceeds 10 % from
the mean value, another five specimens should be tested

to ensure a reliable mean value.



LG

The expression of results in case of:

— speed of cleaver-edge

- cleaving load at yield or fracture initiation,

maximum load

- cleaving energy for yield or fracture initiation

for maximum load, Equation 13

- cleavage stress at yield or fracture initiation,

Equation 14
- cleavage strength, Equation 15

- stress intensity factor. Equation 4.
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