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An examination of the role of flaw size and
material toughness in the brittle fracture of
polyethylene pipes

G. J. SANDILANDS*, J. BOWMAN
Department of Materials Technology, Brunel University, Uxbridge, Middlesex UB8 3PH, UK

At low temperatures and hoop stresses, polyethylene pipes fail by the time-dependent
propagation of a crack. These brittle, fissure-like failures have been observed to initiate from
adventitious flaws, and the concepts and methods of fracture mechanics.indicate that flaw size
should determine stress rupture lifetime. A number of controlled model experiments have
therefore been undertaken to assess the influence of flaw size and material toughness on the
stress rupture lifetimes of polyethylene pipes. To two different pipe grade polyethylene resins
(one shorter, one longer lifetime resin) flaws of varying sizes have been added. For the shorter
lifetime resin small flaws were, in addition, purposely excluded by the use of fine melt filtration
techniques. Pipes containing added flaws or pipes where flaws were excluded were then
stress rupture tested under those conditions designed to induce brittle failure by slow crack
growth. The stress rupture lifetimes of the various pipes are then correlated with flaw size. The
results of the tests using the shorter lifetime resin show that flaw size does have a significant
influence. It is particularly interesting to note that melt filtration, which removes large inherent
flaws, substantially improved the stress rupture lifetime. With respect to material toughness,
the longer lifetime pipe grade polyethylene resin showed a healthy tolerance to included flaws.
In respect of the stress rupture test preferred resins can therefore be identified in terms of their

tolerance to included flaws.

1. Introduction

Thermoplastic polymers are finding an increasing
number of applications in areas where components
are subjected to constant or fluctuating stresses for
extended periods. Both types of loading, static [1-3]
and dynamic [4], are capable of initiating a “brittle”
crack, and causing that crack to propagate in a slow
stable manner, either until a critical crack size for fast
fracture is attained, or until the net section stress is
high enough for ductile failure. The kinetics of the
growth of these stable cracks, under both static and
dynamic loading, has received considerable attention,
particularly in respect of analysing crack growth rates
using the concepts and methods of fracture mechanics
[2—4]. However, what has received less attention is the
size and nature of the flaws that initiate fracture. This
can be illustrated by considering the PRI Churchill
College conferences [5] on Yield, Deformation and
Fracture; of 140 papers presented to date, 36 have
encompassed some aspect of fracture mechanics, yet
no presentation has been devoted to the nature of the
flaws that initiate the cracks. This is surprising since
fracture mechanics incorporates the concept of a flaw
to the extent that the “brittle strength” of a plastics
component can be controlled by the size of the flaw
[6, 7). This paper reports the results of experiments
designed to identify the importance of the flaws that
initiate fracture, and relate their importance to the

toughness of the matrix material. At the same time the
experimental approach has included the use of equip-
ment that can effectively remove flaws from plastics
melts, so offering a method of improving the strength
of components manufactured from thermoplastic
materials.

In order to examine the role of flaws in the fracture
of thermoplastic polymers, the authors have confined
themselves to a study of the failure of polyethylene
pipes This particular combination of material and
artefact was selected because of the extensive use of
polyethylene pipe systems for gas distribution [8], an
application where there is the additional requirement
of a minimal number of or no failures within the
design life of the pipe system (usually 50 years). The
results of the tests reported here show clearly that in
“low toughness” (a relative term) polyethylene resins,
flaw size can be critical, with large flaws inducing
failure at an early stage. However, in the “‘high tough-
ness” gas pipe grade polyethylene resin studied, the
tolerance to flaws increased, when measured by the
stress rupture test. This confirms that the approach of
maximizing resin toughness is the correct one, and this
gives rise to pipe that can be used with confidence for
gas distribution.

The role of the initiating flaw has been examined in
polyethylene pipes by inducing the pipes to rupture by
the propagation of stable cracks which grow in
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Figure 1 Schematic presentation of typical stress rupture curves for
HDPE/MDPE copolymer pipes. The temperatures refer to the test
temperature and indicate clearly the advantage of accelerated test-
ing at 80° C to identify the brittle performance of pipe.

response to a constant stress. Flaws have either been
purposely added or adventitious flaws have been
removed by the use of ultra-fine melt filtration. The
results of these tests have been compared to the results
of tests on pipe extruded using a standard screen pack.
In addition, the influence of resin toughness has been
explored by extruding pipe from two different pipe
grade polyethylene resins. The results of the tests are
analysed using the methods of linear elastic fracture
mechanics (LEFM), an approach which helps shed
light on the fracture process, and in particular on the
observed lifetime scatter that is encountered with the
testing of polyethylene (or other polymers) pipes in the
brittle region [1].

2. Failure of polyethylene pipes due to
static stress loading

2.1. Failure modes

The characteristic shape of the stress rupture curves
for medium (MDPE) and high (HDPE) density poly-
ethylene pipes are shown schematically in Fig. 1. The
curves can be divided into three failure regions: duc-
tile, brittle and intermediate [2]. In the shallow region
of the curve the high hoop stresses induce short time
ductile failures, the pipe exhibiting extensive plastic
deformation prior to failure. In the region of the curve

where there is a steep decline, the lower hoop stresses
favour long lifetimes and fissure-like ““brittle” failures,
see Fig. 2a. In the intermediate region, the knee of the
curve, cither failure mode can be observed. In general
the stresses that MDPE or HDPE pipes systems
experience in service are in the brittle region. All of the
tests undertaken and reported here have been con-
ducted using those conditions which induce slit-like
brittle failure.

The “brittle” failures of polyethylene pipes and
materials referred to above have two characteristic
features. First, a scanning electron microscope exam-
ination of the “brittle” fracture surfaces reveals that
there is significant microductility [3, 9], evidence of
which is shown in Fig. 2b. Second, these “brittle”
cracks grow in a slow stable manner at, typically, less
than 10 ®msec™! [2, 3]. These “brittle” failures are
therefore not to be confused with the fast fracture of
polymers, often observed with polystyrene.

2.2. The kinetics of slow stable crack growth
The kinetics of slow stable crack growth in polymers
have been examined using the concepts and methods
of fracture mechanics {2, 3, 7]. The stress intensity
factor, K, which is given by

K = Yo(na)'? (1)

(where Y is a geometric correction factor to account
for crack orientation and shape in finite sized struc-
tures, o the gross applied stress and a the crack length)
is a measure of the stress intensification at the crack
tip. For specimens of sufficient depth and width, a
critical value of K, referred to as K, can be used to
identify the crack kinetics. For polyethylene materials,
Chan and Williams [3] and Gray et a/. [2] have demon-
strated that the rate of growth of a stable crack, da/dz,
can be given by

L= by el

where f and b are material constants. This equation
infers that a double logarithmic plot of da/dr against
K, vields a straight line. This has been observed [2, 3,
7], although it should be recorded that an incubation
period often exists prior to the start of crack growth.
This point will be returned to at a later stage.

Figure 2 (a) Photomicrograph of a fracture surface from a polyethylene pipe that failed by slow crack growth. (b) Scanning electron
micrograph showing the micro-ductility associated with failure of polyethylene pipes by slow crack growth.
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2.3. Prediction of the lifetimes of
polyethylene pipes

For a polyethylene pipe subjected to that combination
of stress and temperature such that the failure will be
brittle, it should be possible to predict the pipe stress
rupture lifetime, 75z, by combining Equations 1 and 2
and integrating between the limits of the initiating flaw
size, q,, and the pipe wall thickness, 4. In order that
derived equations are valid, the following assumptions
must hold:

1. There is no significant incubation period prior to
the start of crack growth; this is discussed later in the
text.

2. Equation 2 holds for all reasonable values of K,
with f and b invarient with respect to K ; this holds for
selected resins {2, 3].

3. By integrating between the limits of the flaw size
and pipe wall thickness it is assumed that the crack
grows in a stable manner for the significant fraction of
the wall thickness. For both MDPE and HDPE pipes
the slowly propagating brittle cracks have been
observed to occupy at least 90% of the pipe wall
thickness, with only final rupture taking place by a
ductile process.

4. Y remains essentially constant for the significant
fraction of the stress rupture lifetime. Since for small
initial flaw sizes the majority of the time is spent with
the crack small (a/h < 0.5), this may be regarded as
reasonable as ¥ does not vary significantly for small
cracks of the form and orientation found in pipes
[10].

If the above assumptions hold, and b # 2, then
for a pipe which fails when a stable crack opens
in response to the hoop stress, oy (as is usually
observed), the lifetime is given by

_ ) GV 1- (b2 1 (52
Tgp = [_m_J[h b2y _ aj (/)] (3)

If & » a, and b sufficiently large, then Equation 3
simplifies to

2 I/ZY - —b o
Ts = l:(—ﬁn(z__iz))_:l a, ®/2) 4)

where the terms in the large square bracket are con-
stant for a given temperature and hoop stress. Both
Equations 3 and 4 infer that flaw size can have an
influence on stress rupture lifetime of polyethylene
pipes failing in the brittle mode by slow, stable crack
growth, as illustrated schematically in Fig. 3.

The influence of flaw size on lifetime was explored

TABLE 1 Physical properties of the pipe grade polyethylene resins
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Figure 3 Illustration of the influence of flaw size (a,) on pipe stress
rupture lifetime. The improvement in lifetime with decreasing flaw
size is related to the lifetime for a flaw size of 500 um. b is the
exponent in Equation 2, and the influence of flaw size on lifetime
depends critically on the value of 4.

experimentally by purposely adding or removing, by
fine melt filtration, flaws from polyethylene pipes. The
influence of resin toughness was examined by extrud-
ing pipes from different pipe grade polyethylene
resins. The performance of the pipes was assessed by
stress rupture testing using conditions designed to
induce brittle failure. The results are interpreted using
the concepts and methods of LEFM.

3. Experimental details

3.1. Materials

Single batches of two pipe grade resins, an HDPE
copolymer and a higher toughness MDPE resin, were
used in this programme. Details of material density,
melt index, molecular weight (by GPC) and melting
point are given in Table I. These data are for material
taken from the centre of the wall of pipe extruded
using a standard screen pack. Fine melt filtration prior
to pipe extrusion did not induce any significant change
in melt index, M, or oxidation induction time.

3.2. Extrusion of pipe
Both 32 and 63mm SDR*11 pipes have been

Material Density Melt index Mt M, mt T, (K)t
(kgm™?) (g/10 min)*

HDPE 958 0.29 154 500 24.0 402

Copolymer

MDPE 940 0.22 176 500 14.5 402

Copolymer$

*190°C, 2.16 kg.

TBy GPC at the Polymer Characterization Centre, RAPRA, Shawbury, UK.

IPerkin Elmer DSC2.
§BP Chemicals LTD, Rigidex 002-40.

*SDR, standard dimension ratio, is the average outside diameter divided by the minimum specified wall thickness.
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extruded, the HDPE and MDPE resins as 32 mm pipe,
the MDPE resin only for 63 mm pipe. The 32 mm pipe
was extruded at Brunel University using a Samafor
45mm single screw extruder with a screw of length to
diameter ratio (L/D) of 28 :1. The 63 mm MDPE pipe
was extruded at Wavin Plastics, Durham, England, on
a Francis Shaw 60 mm single screw extruder with an
L/D ratio of 25:1. The pipe in both exercises was
vacuum calibrated and the water bath was typically in
the temperature range 12 to 15°C.

The effect of flaw size on stress rupture lifetime was
modelled for the 32 mm HDPE copolymer pipe by:

1. Adding near spherical aluminium particles to the
feedstock via a masterbatch made using the same
HDPE copolymer resin. The aluminium particles were
sized, prior to masterbatching, by sieving. The
amount of masterbatch added was less than 0.5 wt %.
The particle size was within the range 180 to 212 um;

2. Filtering the melt, in separate experiments, to 150
and 45 um. The 150 um melt filtration was via the use
of a standard stationary screen pack; the 45 ym filtra-
tion was effected by the use of an automatic twin
screen, filter unit manufactured by Process Develop-
ments Ltd, London. The unit fits at the head of the
extruder prior to the pipe die.

The influence of resin toughness was explored by
extruding 32 and 63mm MDPE pipe containing
added flaws, and comparing the stress rupture behav-
iour of the MDPE pipes to that of the various 32 mm
HDPE copolymer pipes. The 32 mm MDPE pipe con-
tained aluminium particles of (425 to 600) um dia-
meter. The 63 mm pipe was extruded containing either
(100 to 200) um diameter glass spheres or (250 to
300) yum aluminium particles. As with the work on
HDPE copolymer pipes, the particles were added via
a masterbatch which constituted, typically, less than
0.5wt % of the feedstock.

3.3. Stress rupture testing

The various pipes were stress rupture tested at a tem-
perature of 79 + 1°C and two internal pressures, 9.3
and 6.0 bar gauge, conditions that induced brittle fail-
ure. The pipes were unconstrained in the axial direc-
tion and met the dimensional requirements of
ASTM D1598. Only brittle failures at least one pipe
diameter away from the end fittings were recorded.
Pipe failure was detected by an electrical conduction
technique previously described [11], with lifetime
automatically monitored.

In the extrusion of the small diameter pipes some
variations occurred in the wall thickness and dia-
meter. For valid failures local values of wall thickness
() and outside diameter (D,) were measured using a
screw micrometer and vernier calipers, respectively.
The local hoop stress, oy, was calculated using:

PD, — h
6}“:_(_‘2]?_Q 5)

where P was the internal gauge pressure. All stress
rupture lifetimes have been correlated with the local
hoop stress.
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4. Experimental results and discussion
4.1. Pipe failure mode

All of the data presented here are for pipes which
failed in the usual brittle manner [1, 2], the crack
propagating in a slow stable fashion for the significant
fraction (>90%) of the pipe wall thickness. The
cracks lay parallel with the pipe axis and therefore
opened in response to the hoop stress. A close exam-
ination of all the fracture surfaces revealed evidence of
the microductility that is associated with slow stable
crack growth [3, 9]. Figs 2a and b are therefore typical
photomicrographs and scanning electron micro-
graphs, respectively, of the fracture surfaces observed
for the brittle failure of these polyethylene pipes.

In general the fractures tended to initiate towards
the pipe bore. This is the usual site [12] and is due to
the higher local hoop stresses. The higher stresses
result from the pipe being thick walled; using the
Lame analysis for SDR11 pipe the hoop stresses are
approximately 25% higher at the bore compared to
the outside [13]. In addition the method of production
gives rise to residual stresses in the wall of the pipe
which, for outside cooled pipe, gives tensile residual
stresses on the bore and compressive on the outer
surface [14]. The combination of these two stresses
leads to considerably higher hoop stresses at the pipe
bore, hence the preferred initiation site. The excep-
tions to this rule were the cases where large particles
lay towards the centre of the wall of the pipe.

4.2. The influence of flaw size

The influence of flaw size in controlling the stress
rupture lifetime of polyethylene pipes failing by slow
crack growth is examined by reference to the 32mm
SDR11 HDPE copolymer pipes. Initially three forms
of the HDPE copolymer pipes will be considered:

1. Pipes produced from melt filtered to 45 um using
the balanced pressure melt filtration unit;

2. Pipes produced from melt filtered with the stan-
dard 150 um screen pack;

3. Pipes produced from a feedstock to which was

added masterbatch with 180 to 212 um equivalent
diameter aluminium particles.
It is assumed here and in the following discussion of
these results that the 150 and 45 um filters acted to
effectively remove flaws larger than the screen size.
The maximum flaw size is then given by the screen
size.

The role of flaw size in controlling the stress rupture
lifetime of the 32 mm SDR11 HDPE copolymer pipes
is illustrated in Fig. 4 as a plot of oy against gz on
logarithmic axes. Four major points emerge for dis-
cussion from the data contained in Fig. 4.

4.2.1. The stress dependency of pipe lifetime

The stress rupture data for the three HDPE copolymer
pipes yield straight lines when plotted as log oy, against
log ter, see Fig. 4. This is consistent with previous
studies on polyethylene pipes [1, 2] and is as expected
from Equations 3 and 4. The slopes of these curves
allow the calculation of the exponent of Equation 2,
since the slope is equal to —~' A least squares fit of
the data in Fig. 4 was undertaken for the three forms
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of pipe, and the value of b is recorded in Table II
together with the determining coefficient.

An examination of Fig. 4, and the data in Table 11
shows the three curves are approximately parallel.
This implies that fine melt filtration, which improved
performance (see next section), did not deleteriously
alter the resin, as is evidenced by the constant b, so
that fine melt filtration does not significantly alter the
stress dependency of the lifetime of the polyethylene

pipes.

4.2.2. The influence of flaw size on lifetime

At any value of gy, below about 6 MPa (for 79°C
testing) the steps of removing the coarse particles, and
then the fine filtration of the melt prior to pipe
extrusion substantially improved the stress rupture
performance of the HDPE copolymer pipes. Flaw size
therefore appears to influence stress rupture lifetime, a
result consistent with a previous study [12]. In this
present study, for the same value of gy, pipe extruded
from the melt filtered to 45 um was typically six times
better (in lifetime) than the shortest lifetime pipe
extruded from melt filtered with the standard station-
ary screen pack. In comparison with the pipe dosed
with the aluminium particles the improvement is of
the order of x 20. Since the slopes of the stress rupture

TABLE II Stress rupture data characteristics for the various
HDPE copolymer pipes

Calculated value
for exponent b**

Coefficient of
determination*

Pipe extrusion conditions

45 um filtered melt 6.67 0.97
150 pm screen pack 6.27 0.935
180 to 212 um Al particles  6.25 0.95

*Both are dimensionless.
TThe constant & is calculated from the slope of the stress rupture
curve (see text).

curves for the three forms of pipe are approximately
parallel, then the improvement in pipe performance
with fine melt filtration should persist to lower
stresses. Similarly, with regard to temperature it
would be expected that the improvement seen here
with elevated temperature testing should be evident at
typical service temperatures (5 to 30°C), since the
stress rupture curves at different temperatures are, for
polyethylene pipes, considered parallel [1, 2].

The antithesis to the statement that fine melt filtra-
tion improved the performance of the HDPE copoly-
mer pipes is that the presence of the aluminium flaws
reduced pipe performance and led to early failure. In
previous studies on the infuence of flaw size on the
stress rupture lifetime of “off the shelf” polyethylene
pipes [12], large inherent flaws were observed; Fig. 5
reproduces the data on the observed range of flaw

NUMBER OF FAILURES

0 ' L ! i " I
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INCLUSION SIZE (um)

Figure 5 Histogram of the maximum size, on the fracture surface
plane, of the flaw initiating the fracture of Continental European-
produced HDPE pipe. The data are taken from [12].
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sizes. The study by Barker et al. [12] showed a statistic-
ally significant correlation between adventitious flaw
size and pipe lifetime, with flaws up to 400 um present
and initiating fracture. Thus large included particles
can arise from various sources, and these can reduce
pipe performance, a result confirmed in this present
study. It is therefore important to fit suitable melt
filtration equipment and ensure that it is always
operative.

4.2.3. Crack growth incubation times
Equation 2, which describes the kinetics of crack
growth, can be used to predict pipe stress rupture
lifetime provided that, among other factors, there is
no significant incubation period prior to the start of
crack growth. One way to test if a significant incuba-
tion period exists is to see if the stress rupture curve for
one flaw size can be predicted from the stress rupture
curve for a different flaw size. Provided the exponent
b from Equation 2 is sufficiently large, which it is [6],
Equation 4 can be used; for a given hoop stress and
testing temperatures, Equation 4 is recast as:

log(tsr)y + [1 — (b/2)]log (ap)
= log(tsr), + [1 — (b/2)]log(ap), (6)

where the subscripts 1 and 2 refer to the different flaw
sizes. Taking (a,), and (a,), equal to 45 and 1/2(180 +
212 um), respectively, and letting b equal 6.46 (the
approximate mean value for the 45 and 180 to 212 ym
pipes), then knowing (zsg),, the value of (tsz), for the
larger flaw size can be calculated. This task was under-
taken and the (180 to 212) um stress rupture curve,
which was predicted from the 45 um stress rupture
curve, is compared to the actual (180 to 212)um
results. The agreement between the predicted curve
and the measured lifetimes is good as is shown in
Fig. 6.

The good agreement between the predicted curve
and the measured lifetimes infers that either the
incubation period prior to the start of crack growth
was small or that the incubation period itself was
flaw-size dependent. Gray et al. [2], from their studies
on notched pipes manufactured from a non-pipe
grade polyethylene resin, support the observation that
the incubation period may be small. There is, how-
ever, evidence put forward with other pipe grade poly-
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ethylenes, tested with pipe fittings, that the incubation
period may be very extensive at typical service con-
ditions [15]. A similar observation was reported for
plaque samples by Chan and Williams [3] and Bragaw
[16]. Thus, the evidence from testing short lifetime
pipes is of a small or no incubation period, whereas
with plaques the results highlight the presence of an
incubation period.

Equation 6 can also be used for a separate calcu-
lation of the exponent b, provided that the flaw size
associated with the fine melt filtration unit, (a,),, is
45 um. Calculating b from Equation 6 gives a value
of 593 (at o, ~ 3.8MPa), a value close to that
measured from the log gy, against log 7 plots. This is,
of course, expected from the agreement between the
predicted 180 to 212 um flaw size data and the
measured lifetimes for that flaw size. The agreement is
encouraging in persuading us that fracture mechanics
may be applied to describe the fracture of selected
polyethylene pipes by slow crack growth.

4.2.4. Lifetime scatter
It is recognized and has been reported that significant
scatter can exist in the lifetimes of polyethylene pipes
failing in a brittle manner when tested at the same
hoop stress and temperature [1]. It is assumed that
these pipes were extruded using a standard 100 or
150 um fitter pack. Equations 3 and 4, and previous
studies have all indicated that for slow stable crack
growth either under a constant [2, 7] or alternating
stress [6], flaw size can control lifetime, so that the
scatter may have been due to flaw size variation. If
that is the case, then limiting the flaw size, either by
fine melt filtration (which would remove the large
particles) or by adding flaws of a narrow size range
would have the effect of reducing the lifetime scatter.
On the basis of the limited number of tests under-
taken here, the evidence of Fig. 4 and the calculated
coefficient of determination (Table II) shows that
lifetime scatter can be reduced by either fine melt
filtration or the purposeful additon of flaws within a
narrow size range. The seemingly inherent scatter in
the lifetime of polyethylene (and polypropylene) pipes
failing in the brittle mode may therefore be related to
a distribution in the size of the adventitious flaws that
initiate fracture. The use of fine melt filtration has the
effect of not only improving pipe performance, but



also of reducing lifetime scatter. Pipe extrusion com-
bined with fine melt filtration therefore gives a more
consistent product.

In examining the scatter in the lifetime of the fine
melt filtered pipe (using the Process Developments
twin screen filter unit) one other aspect should be
recorded. The data for the pipe produced with the
twin screen unit has no unexpected early failures, see
Fig. 4. From this we infer that the filter unit was very
efficient in removing the naturally occurring particles.
Using pipe samples to assess the influences of flaw size
is interesting because all of the pipe (bar that material
close to the end fittings) sees a similar stress. Hence, if
just one particle gets through the filter it will initiate
fracture. The evidence thus suggests that this method
and equipment for melt filtration is extremely efficient
at removing those particles naturally present in plas-
tics melts.

4.3. The influence of matrix toughness

The performance of the 32 and 63 mm SDRI11 pipes
produced from the MDPE gas grade resin is recorded
in Table III for a range of flaw sizes. No data are
included on the influence of the filter since the perfor-
mance with the added flaws was so good that these
additional experiments were not undertaken. The data
in the table show that this Rigidex 002-40 resin is
tolerant of large included flaws. This observation is
particularly true for the 63 mm pipe, and shows that
the combination of good extrusion expertise com-
bined with a tough resin gives rise to a good product.

To assess the influence of resin toughness on the
brittle failure of polyethylene pipes the performance
of the various MDPE pipes is now compared to the
32mm HDPE copolymer pipes. This comparison
shows clearly that the MDPE pipes out performed the
HDPE copolymer pipes, with the MDPE pipes more
tolerant to large included flaws. The MDPE resin (BP
Chemicals Rigidex 002-40) is one of the newer pipe
resins that show outstanding stress crack resistance,
such that the generation of da/d:r — K, data proves
extremely difficult [3].

The improvement in the resin toughness led to a
tolerance of large included flaws for testing under
simple internal pressure loadings that were designed
to induce brittle failure. However, while these tests
indicate very long lifetimes in the elevated temperature
stress rupture tests, service conditions will clearly dif-
fer from these; point loadings, for instance, are often
present in service and pipes laid under roads may be
subjected to complex loadings from traffic. Therefore,
it is desirable always to exclude from the pipe material

TABLE III Stress rupture performance of the MDPE copoly-
mer pipes

Pipe diameter =~ Nature of Equivalent Lifetime (h)
(mm)* added flaws diameter (um)  of pipet
32 Al particles 425-600 > 2200
63 Al particles 250-300 > 2000
63 Glass spheres 100—-200 > 10500

*SDRI11 rated pipe.
TAll tests conducted at 79° C with an internal pressure of 9.3 bar
gauge (equivalent pipe hoop stress of about 4.6 MPa).

those flaws that will lead to a high local stress con-
centration. Some suitable form of melt filtration
should therefore be fitted and in operation even with
the new high toughness polyethylene pipe resins. The
preference will be for a continuous screen changer to
ensure good filtration without the build-up of signifi-
cant back pressures which may induce some form of
degradation into the melt.

5. Conclusions

A study was undertaken to assess the influence of flaw
size and material toughness on the stress rupture
lifetimes of polyethylene pipes failing in a brittle man-
ner. For a particular group of HDPE copolymer pipes
itis shown that flaw size has an influence on pipe stress
rupture performance. These model experiments
therefore agree with previous work in which the
influence of flaw size was examined by seeking corre-
lations between flaw size and lifetime for “off the
shelf” polyethylene pipes [12]. Both studies therefore
conclude that large included flaws can reduce pipe
lifetime. The present study shows that compared to
pipe produced using the standard stationary screen
pack, pipe performance can be enhanced by ultra-fine
filtration of the melt prior to final extrusion. The fine
filtration effectively removes those large flaws that
would initiate fracture. In addition, fine filtration
gives rise to a product with a more uniform flaw size
distribution and hence less scatter in the lifetime.

In addition to these points, an analysis of the dif-
ferences in lifetimes between the various pipes (dif-
ferent flaw sizes) leads to the conclusion that for the
HDPE copolymer pipes studied the incubation period
prior to the start of crack growth may be small or
flaw-size dependent. The agreement Gray et al. [2]
obtained between the measured lifetimes of notched
polyethylene pipes and that predicted from crack
growth measurements supports the contention that in
some polyethylene pipes the incubation period may be
small. Such a conclusion does not, however, apply to
all pipe grade polyethylene materials 3, 15, 16].

With respect to the toughness of the matrix material
the evidence is clear that the newer “tougher” pipe
grade polyethylene resins (such as BP Chemicals Ltd,
Rigidex 002-40) show a tolerance to flaws not
exhibited by other materials studied in this pro-
gramme. This gives confidence to the use of the
material for the production of pipes and fittings for
arduous applications, such as gas distribution net-
works. However, the authors note that this con-
clusion is derived from a series of tests on pipe where
the loading was via simple internal pressure. The more
complex loadings present in the field lead us to say
that the pipe must be produced to a high standard,
and therefore that melt filtration equipment should be
fitted and working on the various extruders used in the
production of the pipe.
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