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SYNOPSIS

Poor performance of pipe joints in water and sewerage pipelines means that water authorities
’ unnecessarily spend millions of dollars annually in treatment and maintenance work, such as
clearing root intrusions and blockages. Some of this poor performance occurs because of the lack
of adequate joint performance requirements in Australian pipe standards. The current performance
requirements given in standards for elastomeric sealing rings used in pipe joints have a number of
inconsistencies across the different pipe material types. They are either currently unnecessarily
restrictive through the use of prescriptive property requirements or inadequate in that they define
minimal or no performance requirements. These problems increase costs, reduce freedom to take

advantagé\ of developments in technology and adversely affect competitiveness in export markets.

In this report, previous and current research on the performance and evaluation of elastomeric
Joints is reviewed and the inconsistencies across the different pipe material types are discussed. To
establish a background to the development of pipe and pipe joint systems, with a focus on elastomer
joint design, a survey was conducted among a range of rubber manufacturers, pipe manufacturers
and water authorities. Based on the information from both the survey and a literature review, the
ability of elastomeric joints to resist root intrusion has been highlighted as the main performance
requirement necessary for sewerage pipelines. Experimental assessment of root intrusion using
sewerage pipe materials such as vitrified clay, plastic and fibre-reinforced cement has been
undertaken using various types of common joints, with different levels of interface pressure. A
finite element modelling technique is described for evaluating whether the interface pressure
between rubber ring and spigot and socket, under shear load conditions, is adequate to stop sewer
infiltration and exfiltration. Finally, uniform performance requirements for elastomeric pipe joints

for pressure and non-pressure pipeline system components are proposed.
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1 INTRODUCTION

It has been known for some time that inadequate jointing performance of pipe joints can lead to
problems such as root intrusion, and infiltration and exfiltration through pipe joints, and that
rectification of these problems absorbs a significant part of water authorities” maintenance budgets.
Root intrusion through pipe joints has been of major concern throughout most of Australia, and
causes significant maintenance costs for sewerage systems. Infiltration through pipe joints results
in silting of pipelines, possible contamination of potable water and increases the load on sewage
treatment plants. Exfiltration through pipe joints from sewerage systems can lead to contamination

of groundwater and waterways, and increased public health hazards.

Although pipe joints have undergone development and improvement over the years, the performance
requirements needed for pipe joints have not necessarily been fully rescarched or comprehensively
defined within Australian Standards. This has resulted in the current standards having a number of
inconsistencies in performance requirements, for different pipe materials. Certainly, the widespread
adoption of rubber seals for sewer pipe joints in the 1970s dramatically reduced leakage and root
invasion through the joints. However, root systems are still found to penetrate sewerage pipe
joints, and there is limited research into the long-term sealing performance of elastomeric seals in

both water and sewerage pipelines.

Existing standards for elastomeric sealing rings used in pipe joints for water and sewage conveyance
are currently poorly defined or unnecessarily restrictive through the use of prescriptive property
requirements. With the objective of allowing the property requirements of elastomeric seals to be
defined comprehensively by performance tests, a survey of relevant Australian and overseas
standards, publications and industry correspondence has been undertaken. Results of the survey
have been taken into account in establishing the uniform performance requirements necessary for
rubber ring joints associated with pipes and fittings, for all available piping materials, to ensure

that satisfactory field performance will be met in the long term.

As part of the process for determining the long-term performance requirements of rubber ring
joints, the long-term properties of ring elastomers have also been investigated, particularly how

they perform under stress, their biodeterioration and their support of microbiological growth.




2 CURRENT PERFORMANCE REQUIREMENTS

The performance requirements of pipes and fittings are generally controlled in the long term by the
performance of the elastomeric joints between pipes and fittings. The major method of assessment
in current standards is pressure testing, with less emphasis being placed on other performance

requirements. The performance requirements may be grouped as follows:

(a) Pressure tests for pipes, joints and fittings.
(b) Pressure tests in conjunction with mechanical performance requirements for joint systems, i.c.:
+ deflection,
. striétj‘ght draw,
* shear resistance, and
* resistance to root penetration.

(c) Interfacial sealing pressure requirements for rubber rings.

2.1  Pipes and Fittings

Pipes and fittings used for the transport of water are classified by Australian Standards as either
preésure or non-pressure, with the exception of glass-reinforced polyester and precast concrete
pipes, which are classified in their respective standards for use in both pressure and non-pressure
applications. This pressure distinction is most significant when the effect of a positive internal
pressure on the interfacial sealing pressure in a rubber ring jointed system is considered. High
internal pressures produce high interfacial pressures, which are currently considered necessary for
the prevention of tree root intrusion between the rubber ring and the pipe surface. It is therefore
convenient to separate the pressure performance requirements for all of the pipes and fittings used

with rubber ring joints, in terms of pressure and non-pressure test criteria.

2.1.1 Pressure applications

The current performance requirements for pressure and dual pressure/non-pressure pipes, fittings and
elastomeric sealing joints are summarised in Appendix 1 from the relevant standards. Pipes and
fittings classified for pressure use are generally assessed using hydrostatic pressure assessment,
which consists of a short-term pressure test for a period ranging from 15 seconds up to 24 hours

at pressures between 0.9 and 7.4 MPa, or by the development of hydrostatic pressure failure curves

out to times of 10 000 hours which are then extrapolated out to 50 years. However, in many cases
where there is a performance requirement for the pipe there is often a lesser or in some case no
performance requirement for the fitting. This is obviously an area that needs addressing if the

overall performance of the system is to be uniform.
2.1.2 Non-pressure applications

The current performance requirements for pipes and fittings classified for non-pressure use are
summarised in Appendix 2 from the relevant standards. In most cases there is no pressure
assessment requirement for pipes, and pressure requirements on the fittings are generally to ensure
that inspection openings do not leak under a positive or negative pressure varying between 80 and
90 kPa. Uniform requirements are again needed here and discussions with water authorities have
indicated that an 85 kPa requirement would meet the field performance needs, where pipes of this
type can be buried up to 8.5 m. For deeper installations pressure pipes would generally be

specified.
22 Joints

Referring to Appendices 1 and 2, the performance requirements for joints can be divided into three

categories:

(a) Joints that are subject to an application of pressure only:
* internal pressure,
* external pressure, and
* internal vacuum.
(b) Joints that are subject to both pressures and the combination or one of the following
additional mechanical load conditions:
+ a deflection test in which two lengths of pipe, axially aligned through a joint, are deflected
by a particular angle about a fulerum that is located within the joint,
» astraight draw test in which two lengths of pipe, axially aligned through a joint and fully
engaged, are separated longitudinally by a particular displacement,
* a shear resistance test in which two lengths of pipe, axially aligned through a joint, are

subject to a shear load perpendicular to the axis at the joint, and




* adeformation test in which two lengths of pipe, axially aligned through a joint, are subject

to a deformation such that the spigot is deformed in relation to the socket.
(c) Joints that have a performance requirement for resistance to tree root penetration. The objective
: of this performance requirement is to produce a standard average interface pressure between
the rubber ring and the pipe surface, so that the interface pressure can be estimated at 50 years

after jointing, taking into account stress relaxation, creep and joint movement.

The performance requirements for joints, as detailed in Appendices 1 and 2, vary from no requirement
to a simpie hydrostatic pressure requirement as detailed in (a), through to more complex testing
assessments utilising deflection, draw and shear in combination with hydrostatic pressure. Again,
consisten%‘;‘performance requirements need to be developed so that pipes and fittings can be
assessed against standard requirements that reflect the performance needed in field applications.
For non-pressure applications, root penetration is only perceived to be a problem with uPVC and
vitrified clay, no performance requirements being speciﬁed for other pipe materials. This area also

needs addressing as root intrusion is known to be a problem for other pipe materials.

2.3  Rubber Rings

To ensure the adequate jointing performance of rubber ring joints, it is important to investigate the
long-term performance requirements and the long-term properties of elastomers used in pipe
jointing, particularly how they perform under stress, their resistance to biodeterioration and their

tendency to support microbiological growth.

The current performance requirements for elastomers used in the manufacture of pipe sealing rings

are summarised in Table I. The full details of rubber ring performance requirements for each

standard are given in Appendix 3.

As detailed in Appendix 3, the elastomer performance requirements specified in the Australian
(AS 1646), European (prEN 681-1), British (BS 2494) and American (ASTM F477) Standards vary
significantly. The Australian Standard groups the physical properties of elastomeric compounds by
elastomer type and hardness, the European and British Standards group the same compounds

according to their application and hardness, and the American Standard groups the elastomer

according to low and high pressure usage.

TABLE 1
STANDARD ELASTOMER PERFORMANCE REQUIREMENTS
Property AS 1646 prEN 681-1  BS 2494 ASTM F477

Elastomer hardness . . . .
Low temperature elastomer hardness o o . .
Tensile strength . . . .
Percentage elongation at break . . . .
Compression set ‘ . . . .
Low temperature compression set . . o o
Accelerated aging . o o .
Liquid immersion . . . .

Water immersion (volume change) . . o o

Oil resistance . . o o
Ozone resistance . . . .
Rate of compression stress relaxation . . . o
Effect on water quality (contamination) . . . o
Microbiological deterioration resistance o . . o
Dimensional tolerances . . . .
Imperfections and defects . . o o
Accelerated aging ° . . o
Tear strength for joint seals for hot water supply ° . ° °
Desorption test o o _ . o
Splice strength (Where applicable) o o . .
Moulding integrity (T type where applicable) o o . o

+ Indicates the property is.addressed by the standard.
o Indicates the property is not addressed by the standard

The features common to all standards are elastomer hardness, tensile strength, percentage
elongation at break, compression set, 0zone resistance and dimensional tolerances. AS 1646 does
not address microbiological deterioration resistance of elastomeric compounds, which is an
important factor for evaluating the various compounds used in the making of ring seals. This
problem ijs addressed in the British Standard and now needs to be addressed in the Australian
Standard, because microbiological performance is currently being used by water authorities to
permit the use of different elastomers for different applications. For example, Sydney Water
approves of natural rubber rings for water supply, sewerage and drainage purposes, and Melbourne
Water and its three retail arms approve of natural rubber for water supply, and styrene butadiene

and polychloroprene for sewerage.
2.3.1 Performance of rubber rings

The long-term performance of a rubber ring joint depends on the appropriate selection of the type

of rubber from which the joint is manufactured. As early as 1963, Leeflang reported that the failure




of rubber rings was caused by micro-organisms of the streptomyces genus. By examining more
than 50 samples of rings or sediments from different parts of the Netherlands and Belgium, the
author managed to isolate a strain of streptomyces bacteria as the cause of the failure of rubber
vings. By investigating the extent to which the degradation of the rubber rings in the joint was
promoted by the compression of the ring, he discovered that the stress on the ring was unrelated
to deterioration of the rubber. The author’s test resuits of resistance to attack showed that all
natural rubber (NR) compounds were attacked within 2-3 months, but none of the synthetic rubber
compounds tested were attacked during a prolonged stay in the test basin lasting at least one year
and often two years or longer. It was also shown that mixtures of NR with synthetic rubber
{styrene butadiene rubber (SBR), acrylonitrile butadiene rubber (NBR) and polychloroprene
rubber (CR)) were not attacked when the proportion of NR in the total polymer was less than 40
or 50%.

Five years later, Leeflang (1968) studied different conditions in water utility practice between
countries. He concluded that the greater resistance of American rubber rings to biological attack
in comparison to the gaskets, formerly used in the Netherlands, was due to differences in the
recipes and curing methods. Furthermore, the quality of the water and its ability to provide
streptomyces with mineral nutrients would have a marked influence upon the rate of growth of the
bacteria. The surface area of the ring exposed to the water appeared to be an important factor. It
was large in Dutch joints of asbestos—cement pipes and much smaller in many American types of
joints. To avoid all risks of biological degradation, the author suggested the use synthetic rubber

gaskets instead of NR gaskets.

McKenna and Kallis (1964) investigated the different behaviour of natural and synthetic rubber
compounds resulting from bacteriological attack, based on the utilisation of various aliphatic
hydrocarbons by bacteria. By testing the viability of different organisms (micrococcus,
pseudomonas, mycobacterium and nocardia) to grow, they found that where I-phenyldecane was
utilised, growth was restricted to mycobacteria and nocardia when a hydrogen atom at the fourth

carbon atom was substituted by a methyl group.

Hills and Airi (1967) observed the deterioration of pipe-joint rings which appeared to be consistent

with microbiological degradation. They listed the following three types of attack which primarily

occurred inside the joint:

« Attack spread around the ring — when liquid levels are constantly varying from full to empty, or
when the pipe is kept completely full of water containing dissolved oxygen, e.g. in a water main.

+ Attack spread around an arc — when the liquid level varies constantly between two levels (full
and part-full, or empty and part-full).

« Attack at two points on opposite sides of the ring — when the liquid level is relatively static and

little oxygen is present in the material passing through the pipe, e.g. in a sewer.

By conducting a test similar to that described by Leeflang (1963), Hills and Airi (1967) showed
that natural rubber was particularly susceptible to biological attack. Of the synthetic rubbers or
blends tested, only CR, NR—CR and NR-SBR would appear to possess suitable mechanical
properties for forming adequate pipe-joint rings in addition to being resistant or reasonably
resistant to microbiological degradation of the type observed in the case of NR compounds. They
concluded that the choice of compounding ingredients of all types had a marked effect on the
resistance of NR. However, the addition of fungicides or bactericides to the rubber compound was

of no use.

Hodgson (1984) reported an investigation into the deterioration of jointing rings manufactured by
Reidrubber and Empire Rubber in the Christchurch district of New Zealand. He stated that the
greatest deterioration was from a microbiological source (actinomycete) and that microbiological
attack was observed in a wide range of soil types and conditions, on the internal side and the
external side of the ring for different pipe types, i.e. ceramic, concrete and asbestos cement pipes.
Ring deterioration also occurred in stormwater lines and in some cases the deterioration in these
lines was as rapid as in sewer lines. It was observed that the deterioration was greatly affected by
the pH values and temperature range of the water. It was also found that the microbiological
organism consumed the rubber ring at 0.012 inches/year, with the attack being at the rubber
surface. The time for the rubber to be removed was related to the actual contact area of the ring
with the pipe surface, because as the ring was compressed, less ring was exposed to the attack
medium. That is, a joint which had only 20% compression of the original chord diameter would

fail much sooner than the same ring compressed to 45%.

Bolin and Camnerin (1986) conducted an investigation into the long-term properties of rubber such

as volume increase, weight increase, hardness, tensile strength, tensile siress at 100% elongation

and elongation at break. Thirty-three different types of rubber were exposed for various periods of




time up to five years in Water (at two different temperatures), in oil (three different oils at 70°C)
and in air at 10 different temperatures. It was shown that chloroprene rubber with lead oxide in the
vulcanising system had greater durability than a corresponding material with zinc oxide. At the

» temperature of 95°C in waler, the best materials were ethylene propylene terpolymer rubber
(EPDM) and fluorinated rubber, but SBR and butyl rubber (IIR) had a greater durability at 125°C
than at 95°C.

Seregely et al. (1988) investigated in detail the influence of heat-activated oxidative aging, oil,
hydrogen-sulfide containing gaseous oil, sea water and steam on the physical properties such as
tensile strength, elongation at break and hardness, of compounds based on various elastomers. It
was fouri{:! that the most sensitive properties of the tested NR compound decreased to approximately
50% of their initial value after 27 years at 20°C and that a log/log plot of physical property changes

of the rubber versus time was approximately linear.

In Australia, limited work has been reported. Melbourne and Metropolitan Board of Works (MMBW)
(1966) conducted an extensive investigation into the service requirements and mechanics of rubber
ring joints for use in 47 diameter vitrified clay sewers. A series of tests was carried out using
rubber rings of varying composition and materials in a series of dummy joints constructed of steel
spigots and sockets. The stress—relaxation tests showed that both NR and CR gave a satisfactory
result, polyurethane failed by breaking up immediately at 33% compression and at 25%
compression failed after three months. Serious attack on NR from groundwater was reported by
Hunter District Water Board (MMBW 1966). Therefore, CR was regarded as the most suitable
material for chord rings. It was capable of holding 60% of its initial compressive strength over an

estimated 200-year period, regardless of ring sizes or initial compressive stress in the ring.

Mitchell (1970) presented the relaxation test results for different rubber rings, as shown in Figure 1.
All of the equivalent rates of compression stress relaxation (Rr) for the tested results were better than
those required in the current AS 1646, i.e. the rate of compression stress relaxation of the elastomeric

material shall not exceed 6% for a nominal hardness of 75, and 7% for a nominal hardness of >75.

Based on the above information, it seems appropriate to conclude that in general synthetic rubbers
are superior to natural rubbers for applications in contact with sewage, particularly with respect to

their resistance to degradation from bacterial attack.
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Figure 1. Relaxation test results (from Mitchell, 1970)

2.4 Root Penetration

For rubber ring joints to resist plant root penetration, it has been reported and promulgated into
Australian standards that a sufficiently high interface pressure between the rubber and pipe must
be maintained, even though high interface pressures can make jointing of the spigot and socket
difficult. Evaluation of the appropriate interfacial pressure to be used has been under discussion

for some time and different values are used in different standards, as shown in Table II.

TABLE 1I
INTERFACE CHARACTERISTICS REQUIRED FOR RUBBER RING JOINTS

NZS AS/NZS AS ASTM
7649 1260-1996 1741  C425

Performance requirement AS 1260-1984

Minimum initial interface pressure (MPa) 0.55 04 0.4 0.55 0.21
Minimum 50-year interface pressure (MPa) 0.35 NS* NS 0.35 NS
Minimum width over which the minimum 7 4 4 7t NS

pressure must apply {mm)
Minimum cross-sectional area (mm?) 100 (for pipe of nom- NS NS NS NS
inal diameter DN 100)

150 (for all other sizes)

* Not specified.

T AS 1741 requires a minimum contact width of 7 mm, and a minimum contact pressure of 0.55 MPa, but
it does not specify a width over which that minimum contact pressure applies. It might be just a peak and
the contact pressure for the rest of the 7 mm might be far less. This is another example of inconsistency
between standards which are presumably trying to achieve the same thing.




Steele (1971) reported trials from 1962 to 1970 on 150 mm clay pipes laid 1.8 m deep, directly
below trees with known aggressive root systems (Fraxinus oxycarpa and Eucalyptus cladocalyx).
The pipes were joined using laterally unrestrained O-ring joints and an interface pressure range of
0.34-0.41 MPa. Steele reported that root penetration occurred in 90% of cases, however root
penetration occurred in only 4% of cases when the interface pressure was increased in the range
of 0.55-0.61 MPa. He therefore concluded that a minimum interface pressure of 0.69 MPa was

necessary to ensure reasonable protection against root intrusion.

. L.eHunt (1979) suggested that the figures quoted in Stecle’s report may be regarded as conservative.
In an attempt to further define an adequate minimum interface sealing pressure, LeHunt performed
a series df;‘root tub experiments using uPVC joints surrounded by soil. Rye-grass was planted in
the tubs so that the root zones grew around the pipe socket. Root penetration was observed in those
joints with an interface pressure of 0.4 MPa, while no penetration was observed in the 0.6—1.10 MPa
range. LeHunt suggested that 0.55 MPa may be used as an initial minimum interface pressure to
apply over a single continuous width of 6 mm. Values similar to these have been adopted by both
uPVC and vitrified clay standards and with these values, no evidence of root penetration has been

reported in uPVC joints.

Hodgson (1979) reported the results of field work on ceramic, rubber ring jointed pipes carried out
in Christchurch. This work indicated that a minimum interface sealing ring pressure of 0.345 MPa
was required to withstand root penetration. However, the example presented in his report revealed
that severe root penetration occurred with 100 mm ceramic pipes with contact pressures as high
as 0.46 MPa, estimated by using Lindley’s (1966) formula (equation 1, where E is the Young’s
modulus of the rubber ring, and the other symbols used are defined in Figure 2 (from Freakley and
Payne, 1978)).

x\372
F'=dE|1.25 7

6
1 (D)

+50(E
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In order to evaluate the suitability of Hepsleve joints for use in the Melbourne sewerage system,
and to assess the effect of different percentage compressions on this joint’s ability to exclude roots,
MMBW (1980) conducted tests on 16 standard unglazed vitrified clay pipe rubber ring joints (as
controls) and 16 Hepsleve joints over straight barrelled vitrified clay pipes. The pipe joints were

tested in horizontal troughs (soil boxes) with two vigorous plants (river red gum and pampas

10

F' (force/unit length)

e "
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Figure 2. Compression of toroidal rubber ring between plane surfaces and cross-section

grass) growing in soil in the troughs. It was found that the Hepsleve joint was inferior to the
currently used socket/spigot rubber ring joint, particularly with regard to denying root access from two
very aggressive plant species. By using Lindley’s (1966) formula for calculating interface pressure
of laterally unrestrained toroidal rubber rings, we have estimated the interface pressure of standard
VC joints bascd on the ring compressions and rubber ring chord diameters used in the test. Once
again, contrary to Steele’s (1971) reports, no root penetration was observed in these joints with an

interface pressure of 0.37-2.24 MPa for 100 mm pipes and 0.37-1.58 MPa for 150 mm pipes.

The intrusion of plant and tree roots into sanitary drains in South Australia has always been a
problem because of the long periods of dry weather experienced throughout the year. To tackle this
problem and also to assess different joint types (open, semi-open and encapsulated joints), Martin
(1989-90) undertook an accelerated root intrusion assessment of rubber ring joints in a sanitary
drainage system. Joint assemblies covering a range of products in the marketplace were prepared
with a pot being constructed or fitted around the actual joint area with the collar uppermost. Two
plant species (rye-grass and Melaleuca armillaris) were chosen for the assessment. The interior of
each pipe containing a joint was filled with hydroponic nutrient throughout the duration of the
‘erowth period’ of 10 months. It was observed that no roots had penetrated beyond the rubber ring
seal, except for the joints of the encapsulated type which had a gap exceeding 0.5 mm between the
inside of the socket and the spigot of the pipe. Table III presents the approximate interface pressure
(F’1b) for vitrified clay samples estimated by applying Lindley’s (1966) formula based on inform-
ation supplied by Martin (1989-90), and it can be seen that the calculated interface pressures vary
between 0.60 and 1.11 MPa.
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TABLE I
VITRIFIED CLAY SAMPLES — ROOT PENETRATION TESTS (FROM MARTIN, 1989-90)*

Label  Socket diameter ~ Spigot diamenter Mean compres- d X b F F/b

sion of
Min. Max. Min. Max, rubber ring
(rmm) (mm) (mm) (rmim) (%) (mm) (mm) (mm) (N/mm) (MPa)
DNI50
A 217 218.6 195.5 196 36.2 1728 626 15.01 14.63 0.97
B 217.5 218 1955 196 36.6 1735 635 1524 15.15 099
C 217 218.5 192 194.5 29.1 1728 503 1207 861 071
D 217 219 193 194 27.2 1683 458 1098 7.31 Q.67
E 217 2192 193 193 31 1819 5.64 1353 1041 0.77
F 216 218.5 193.8 194 29.1 1647 479 1150 821 071
DN100:, .
A %158 159 1394 140.2 354 1447 512 1230 11.52 094
B "158.5 159.2 139.2 140.5 343 1446 496 1190 10.58 0.89
C 158 158.5 140.2 140.8 387 1448 560 1345 1494 1.11
D 159.6 161 139 139 279 1477 4.12 98 6.75 0.68
E 158 158.7 139 139 33 1444 477 1144 958 0.84
F 160.5 161 139 139 243 1437 349 838 506 060

* The symbols used in the table are defined in Figure 2.

As discussed above, root penetration into vitrified clay joints of higher or as high interface pressure
as those given in the current codes has been reported. This indicates that it is necessary to further
define the interfacial pressure needed to exclude root penetration in order to achieve a uniform and
relevant range of test requirements for the different water and sewer pipes currently in use. Consequently,

further research is being conducted at CSIRO BCE to establish the necessary requirements.

2.5 Infiltration/Exfiltration

The current performance requirements detailed in standards to enable pipe joints to resist infiltration
and exfiliration are specific, and include assessment procedures such as diametrical distortion,
shear, draw and deflection, as shown in Figure 3. There are a number of performance requirements
necessary for a pipe to be assessed against if it is going to show good long-term performance. For
example, diametral distortion can be used to demonstrate that elastomeric joints perform
satisfactorily at the recommended maximum vertical deflection whilst the pipe is under pressure.
Tests that assess for diametrical distortion include the British Standard (BS 4346) and ISO
methods (ISO/DIS 4435) in which the spigot is compressed between two beams. Different values
of diameter distortion (% of OD) are used in different standards: 7.5% in NZS 7648 and NZS
7649, 10% in BS4 346 and BS4 660, and 5% in ASTM D3212 and ISO/DIS 4435. Shear is also
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Figure 3. Parameters determined using the infiltration/exfiltration test apparatus

assessed in the ASTM method (ASTM D3212) in which the distorting load is applied as a shear
load to the top of the spigot.

Deflection tests are not generally specified and although draw is required in some Australian
Standards (AS 1741, AS 3571), CSIRO experience shows that large diameter pipes are not easily
joined, and that applying draw in these cases is very difficult. A large number of terracotta spigots
and sockets have been joined and they are extremely difficult to separate once joined. This would
suggest that the assessment of pipes with draw, as detailed in the ASTM standard, is not practicable
especially if high interface pressures are also required. With lower interface pressures, assessment

with draw may be possible.
3 PIPE JOINT PERFORMANCE SURVEY

3.1  Survey Format

To establish a background to the development of pipe and pipe joint systems, with a focus on
elastomer joint design, a survey of a range of rubber manufacturers, pipe manufacturers and water

authorities was conducted.
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For rubber manufacturers, the following information was requested, as detailed in Appendix 4:

+ rubber type,
* material properties,
«« aging properties, and

* design factors.

For pipe manufacturers, the following information was requested, as detailed in Appendix S:
" e pipe type,

* pipe material,

* type and manufacturer of rubber ring currently used,

. details\i:gf joint design,

* joint design pressure,

* maximum field operating pressure, and

e other comments,

For water authorities, the following information was requested, as detailed in Appendix 6:
* pipe type,

* rubber ring performance requirements for different pipe types,

* required design pressures,

* Taximum operating pressures, and

*» other factors affecting selection for pipe/joint combinations.
3.2  Summary of Survey Results

In general, most of the responses were received from water authorities. Only limited responses

were received from rubber and pipe manufacturers. Apart from the information given in Table IV

on commonly used pipe types with different applications, the key points from the survey can be

summarised as follows:

* angular deflections for both rigid and flexible pipes are at manufacturer’s maximum
recommendation,

* root inhibitor is used for prevention of root intrusion, and

+ performance characteristics of different pipe materials comply with the relevant standards.
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TABLE IV
COMMONLY USED PIPES WITH DIFFERENT APPLICATIONS
State Pipe types and applications
Sewer Soil, waste & vent Pressure Stormwater
Tasmania uPv_C uPvC uPVvC
VvC DICL vC
GRP DI GRP
RC MSCL RC
Western Australia uPv_C uPvC ‘ uPVC uPvC
FRP DI FRP DI
Di DI MSCL
MSCL MSCL
New South Wales uPvC uPVC uPVC
DI DI
RC GRP
GRP MSCL
VC
Victoria uPvC uPvVC uPVC uPvVC
RC DI RC vC
DI DI RC
VC MSCL HDPE
HDPE ' GRP
GRP

uPVC = unplasticised PVC; VC = vitrified clay; DICL = ductile iron cement lined; GRP = glass fitament-reinforced
thermosetting plastics; DI = ductile iron; RC = reinforced concrete; MSCL = mild steel cement lined; FRP = fibre-
reinforced polyester; HDPE = high density polyethylene.

4 DISCUSSION

From the review of the current performance requirements in Australian standards, it is seen that

the current performance requirements for pipes, fittings and joints given in the standards have the

following inconsistencies across the different pipe material types:

+ performance requirements are not uniform across different pipe materials,

« the appropriate performance requirements for resisting root penetration are varied and the
values required in some standards are questionable,

» pressure ranges for hydrostatic pressure tests vary significantly, and

+ long-term hydrostatic pressure tests are not required by many Australian standards.

In the case of joints, the ability of the elastomer to resist root intrusion appears to be the main
performance requirement necessary in standards for sewerage pipelines. Previous research on root
intrusion resistance using simulated installation conditions was either inconclusive or restricted to

specific materials and joint types. Furthermore, no interface pressures or contact length between
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the rubber ring and the pipe were measured in the majority of cases. To allow a consistent
assessment of the effect of rubber ring interface pressure on the resistance to root intrusion for
different pipe materials, it was therefore necessary to undertake some additional work on the range
of materials currently used, such as vitrified clay, plastic and fibre-reinforced cement, the

commonly used joints and a range of levels of interface pressure.

5 INTERFACIAL SEALING PRESSURE ASSESSMENT

5.1 Rubber Ring Performance

To asseSs the effect of interface pressure, pipe porosity, pipe material and joint design on the
propensity to allow root penetration past the rubber ring joint, a number of assessments were
carried out on pipes of PVC, vitrified clay and fibre-reinforced cement. Interface pressures were
assessed 1n accordance with NZS 7649:1988 (the 1 mm hole test) and then the pipe assemblies

were assessed by ‘accelerated horizontal root ingression’ at Adelaide Botanic Gardens. This

assessment is currently underway.
5.1.1 Pipe types and interfacial sealing pressure

For all pipe assemblies assessed, the rubber ring joint tested was manufactured to meet the
requirements of the relevant Australian Standards, as shown in Table V, except that in each case,
special rubber rings free from chemical root inhibitors were manufactured (it should be noted that

in many instances the presence of root inhibitor is a requirement of the standard).

TABLE V
SPECIMEN DETAILS FOR RUBBER RING JOINTS USED IN
INTERFACIAL SEALING PRESSURE (IFSP) EVALUATION

Pipe type Outside diameter Australian Standard
(mm)

uPvVC 110.0 1254
uPvVC 110.0 1260
uPvVC 110.0 1415
uPVC 110.0 1273
uPvC 114.1 1477
uPVvVC 121.7 2077

FRC 123.1 4139

vC 138.5 1741

For PVC assemblies, three rubber seals were evaluated. These included a high interface pressure
ring (Sewer), a slip coupling ring (SWV) and a lip-seal ring (NZ), and as shown in Figure 4. A
further variation for the SWV and NZ series was the size of the gap between the pipe spigot and

the socket mouth, as detailed in Table VI.

SEWER sSWv NZ
Face in contact Face in contact
with spigot Face in contact

with spigot
_—

with spigot
—_—

Figure 4. Cross-section of rubber ring types assessed

TABLE VI
TEST RESULTS FOR IFSP

Pipe type Joint type

—— _T_ Contact length Interfacial

| (mm) when pressure
IFSP >0.4 MPa (MPa)

Min. Max.

Slip coupling (SWYV) 0.2 0.37
0.7
2.2
37

NZ joint 0.2
0.7
22
3.7

Australian sewer joint 0.2 4.5 . >0.8

VC Maximum collar — 7.84 >0.8
Minimum collar — 9.46 >0.8

VCeoated Maximum collar 7.84 >0.8
Minimum ¢ollar 9.46 >0.8

FRC Maximum collar 16 0.73
Minimum collar 14 0.915

Maximum collar 16.25 0.77
Minimum collar 13.9 09

FRC

coated

* Tolerances on d were always negative so that the gap could be up to 0.2 mm less than stated above; the
values in the table are the average of two samples for fibre-reinforced cement (FRC) and vitrified clay
(VC) joints, and five samples for PVC joints, and the contact length is the sum of all the contacts between
the rubber and pipe.




To examine the effect of eliminating moisture transmission through the porous pipe materials, the
external surface of two sets of VC and FRC pipes was coated with two-part epoxy resin (40%
diluted with solvent; Intergard Ez Epoxy and En-cap Ac Sealer, in aratio of 4:1),

The initial interfacial pressure results are summarised in Table VI, where the minimum pressure
relates to the pressure measured at one of the minor profiles for either the SWV or Sewer ring, as
shown in Figures 5 and 6. Typical graphs for the other ring profiles are given in Figures 7, 8 and

9 and indicate the maximum pressures and the contact area for the range of pressures measured.
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Figure 5. Interfacial sealing pressures for Australian PVC SWYV joint
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Figure 6. Interfacial sealing pressures for Australian PVC Sewer joint
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Figure 7. Interfacial sealing pressures for New Zealand PVC lip-seal joint
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Figure 8. Interfacial sealing pressures for VC joint
5.2 Accelerated Root Intrusion Test
5.2.1 Horizontal pipes and fittings
The range of pipes specified in Table V was assessed for root intrusion by installing an assembled
pipe containing a rubber ring joint in a 200 L translucent PVC tub (two samples per tub), as shown

in Figure 10. The horizontal pipes were then buried under potting soil, which was steam sterilised

before use.
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Figure 9. Interfacial sealing pressures for FRC joint
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Figure 10. Schematics showing placement of various pipes and joints in tubs
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Two plant species (rye-grass and Melaleuca armillaris) were selected for assessment of the rubber
ring joint. According to M. Jusaitis (Chief Scientist in Conservation Biology and Horticultural
Research, Black Hill Flora Centre, South Australia, pers. comm., 1996), rye-grass characteristically
has a fibrous root system with many fine, long and aggressive roots, and Melaleuca armillaris is
awoody plant with a taproot system which has the potential to enter small cracks and expand them

through secondary growth.

On 22 March 1996, half of the tubs for PVC pipes were sown with rye-grass seeds, and the
remaining tubs for PVC and the tubs for FRC and VC were planted with Melaleuca armillaris
seedlings (eight per tub) transplanted from propagating tubes. A drip-irrigation system was fitted for
ongoing watering (six drippers per tub) and liquid fertilisers were applied to the soil as needed during
the course of the assessment to encourage plant growth. One month later, all pipes were filled with
full strength Top® hydroponics nutrient solution to encourage roots to seek nutrients from within

the pipes. Levels of nutrient solution were maintained during the course of the assessment.

The growing period for the rye-grass was six months and the tubs containing the rye-grass have
now been withdrawn and inspected, however the Melaleuca armillaris tubs with a 13-month

growing period are still under assessment due to inadequate root growth after one season’s growth.

Atthe end of the growing period, the nutrient solution in the tubs containing rye-grass were emptied
and the assemblies dissected in a vertical plane using a bandsaw. The two halves of each assembly were
then inspected. In all cases the development of the root system had been prolific, as shown in Figure

11. However, inspection of the bisected pipes showed that no roots had penetrated into the pipes.

Figure 11. Rye-grass root formation in horizontal tubs
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Contrary to Martin’s (1989-90) finding that roots had penetrated beyond the rubber ring seal for
the joints having a gap exceeding 0.5 mm between the pipe spigot and the socket mouth, the

current results show that no roots had penetrated into the pipes with a gap size as great as 3.7 mm.

5.2.2 Vertical pipes and fittings

Interfacial sealing pressure tests were also performed on six joints assembled from DN100 PVC
pipes and fittings, after these joints had been tested for accelerated vertical root ingression in
Adelaide Botanic Gardens (Whittle ef al., 1997). Again three styles of rubber ring seals, i.e. slip
coupling (SWYV), lip-seal (NZ) and a high interface pressure ring (Sewer), were evaluated. Joints
of i;‘bth DN100 and DN150 nominal diameter were tested in triplicate. Thus a total of 36

assemblies were evaluated.

Rye-grass (Lolium rigidum) and Melaleuca armillaris were planted in separate pots, and during
the growing period the nutrient level was monitored and the joints inspected at regular intervals.
The growing period for the rye-grass was seven months, whilst for the Melalewca armillaris the

pericd was 14 months.

At the end of the growth period, for DN100 joints, two of the triplicates with respect to joint types
and plant species were dissected to examine the root system, and the other one was used for
measuring the interfacial pressure. For DN150 joints, all of the assemblies were dissected to
observe the outcome. It was found that the root systems from both plants grew round and round
the pot innumerable times and bound up the pot soil into a compact mass, however, no roots had
penetrated beyond the rubber ring seal. The maximum interfacial pressures (average) were:
0.725 MPa, 0.625 MPa and 0.3 MPa for Sewer, SWV and NZ joints respectively.

The first lip of the profile for the rubber ring used for SWV and the one first able to be penetrated
by roots, has a low interfacial sealing pressure of around 0.4 MPa as well as an interfacial sealing
length of less than 1 mm. In both the vertical and horizontal studies, where the pipe was correctly
installed, inspection showed that no roots had managed to penetrate past this first seal. This would
indicate that an interface pressure of 0.4 MPa with a low interface length is satisfactory to exclude
roots from intruding into sewer pipes. This observation, however, does not take into account the

possibility of failure from badly manufactured or damaged rings, or rings that have been poorly
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installed. As installation is the major area where problems can occur, use of rubber rings such as

the NZ flap joint would minimise the possibility of failure occurring from bad installation practice.

It should be noted that the sockets used in NZ joints were different from the normal ones and this
may explain the low interface pressure of 0.3 MPa. It should be noted that even at such a low

interfacial pressure, no root intrusion past the rubber ring was observed.
53  Long-term Interface Pressure Evaluation of Assembled Rubber Ring Joints

To measure the effects of creep of the pipe material and relaxation of the rubber ring, interface
pressures at ten different time intervals (up to a period of 10 000 hours) are currently being measured
on assembled joints. In general, for periods up to 5000 hours, under the tested conditions, there 1s
no significant reduction of the interface pressure and the contact length when IFSP is greater than

0.4 MPa over the duration of the test period.

6 FEA MODELLING OF RUBBER RING JOINTS

Whilst the ability to resist root penetration is an important property for rubber ring joints, the abitity
to stop infiltration or exfiltration whilst under a range of distortions or deflections that could occur
in practice is also important. To evaluate performance of rubber ring jointed pipelines at the
maximum vertical deflection, a finite element package (STRAND 6) was employed to model the
joint under a distorting load applied as a shear load to the top of the spigot (in accordance with
ASTM D3212; see shear example in Figure 3). In this analysis, because of the symmetry only half
of the siructure needs to be considered. To mode! the PVC pipes, 396 three-dimensional, eight-
node brick elements were used, and another 24 similar elements were used to model the rubber

ring. The linear material properties used in the analyses were as detailed in Table VII.

TABLE VII
MATERIAL PROPERTIES USED FOR FINITE ELEMENT ANALYSIS
pPVC Rubber
Young’s modulus E 1930 MPa 22 MPa
Poisson’s ratio v 0.37 0.5
Density p 1200 kg/m> 940 kg/m3
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The results from the finite element method demonstrate that as the point of load application moves
the top of the pipe outside diameter downward 5% (ASTM D3212), the thickness of the rubber
ring at the top of the joint (loading application side) increases by 0.18 mm whilst at the bottom of

£he joint it reduces (cdmpresses) by 0.15 mm.

Using Lindley’s (1966) formula for calculating interface pressure of laterally unrestrained toroidal
rubber rings (equation 1), it is estimated that the interface pressure is reduced at the top of the joint
by 0.17 MPa and increased at the bottom of the joint by 0.15 MPa. Subtracting the reduced
interface pressure due to the shear load (the most adverse case) from the interface pressure without
a distorting load, the interface pressure remaining between the rubber ring and the pipes can be
determined. This can be used to evaluate whether the maintained interface pressure is sufficient
between r;ibber ring and PVC pipes to exclude sewer infiltration and exfiltration. If 2 mimimum

level of interface pressure of 0.4 MPa is specified, a distortion of 5% could reduce this pressure

down to 0.23 MPa at the top of the pipe.

It should be noted that the analysis was done with the rubber ring being treated as elastic and not as
hyper-elastic, also the interface pressures due to the shear load are only rough estimates by
approximating the ring profile as an.O-ring. The above cxainple is merely to illustrate that the
modelling technique described can be used to evaluate the performance of rubber ring joints under
a distorting load. For obtaining accurate results, the real profile of the sealing ring should be used
and the rubber should be modelled with the complex material properties such as near incom-
pressibility, large strains and displacements, and generalised strain energy functions. If tests of this
type are adopted into Australian Standards, the effect of this distortion on the minimum level of

interfacial sealing pressure selected will need to be considered.

7  UNIFORM JOINT TEST PROCEDURES

7.1  Performance Requirement

Because of the diversity of joint test procedures that exist across Australian pipe and fittings
standards, a uniform method of assessment needs to be established. It is recommended that the
performance requirements for elastomeric pipe joints for pressure and non-pressure pipeline systems
be assessed in terms of two pipe type categories — rigid and flexible materials — as given in Table VIII.

One possible test method for assessing the elastomeric joint performance at the recommended
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TABLE VIII
TEST REQUIREMENTS FOR DIFFERENT WATER/SEWER PIPES
Test Pressure pipe Non-pressure
application pipe application
Rigid material Flexible material Test Time Test Time
pressure (hours) pressure  (hours)
e Hydrostatic pressure & BxP,* I axP, i
diametral distortion X Py, 1000
— Negative pressure & —85 kPa 2 —85 kPa 1
diametral distortion
Hydrostatic pressure &  Hydrostatic pressure & BxP, I
angular deflection angular deflection oaxP, 1000
Negative pressure & Negative pressure & -85 kPa 2 -85 kPa I

angular deflection angular deflection

Rubber ring initial Not required 0.4 MPa
interface pressure -

Rubber ring initial
interface pressure

* P, is the rated pressure of the pipe joint from the relevént standards. The coefficients ¢ and B are the
multipliers for test pressure which are defined in Appendix 7.

maximum deflection is 'given in Table IX and is based on the ASTM D3212 method, using the
apparatus illustrated in Figure 12. It should be noted that different values of diametral distortion
(Y% of OD) are used in different standards; yis 7.5 in NZS 7648 and NZS 7649, 10 in BS 4346
and BS 4660 and 5 in ASTM D3212. The values given in Table IX are taken from the Standards
Australia Committee WS/28 draft for AS 2566.1. The coefficients to determine the actual test
pressures to be used are calculated according to the method given in Appendix 7. This method
takes into account stress relaxation of the pipe and rubber ring and allows calculation of one- and

1000-hour test values that will ensure satisfactory performance at the 50-year extrapolated value.

In addition, for non-pressure pipes, there is a need for a performance requirement for resistance to
tree root penetration. Current work indicates that the minimum requirement of a contact width of
4 mm and an interface pressure of 0.4 MPa is satisfactory for uPVC. These values are the same as
specified in AS/NZS 1260-1996. However, it should be noted that work is currently being

undertaken to clarify these values for different pipe materials.
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TABLE IX
JOINT DEFLECTIONS

Pipe material Pressure application Non-pressure application

Angqlar Diameter Angular Diameter
deflection ¢ distortion y deflection ¢ distortion vy
(68 {% of OD) *) (% of OD)
Rigid (e.g. VC, At manufacturer’s NA At manufacturer’s NA
concrete) maximurm maxim
recommended deflection recommended deflection
Flexible (e.g. plastics, At manufacturer’s 3 At manufacturer’s 7.5
steel, ductile iron) maximum maximum

) recommended deflection recommended deflection
P

Load piece

.&
l
T

Removable socket support

Not less than

Sliding end restraint 3 x pipe dia.

Sliding spigot support
must be height adjustable

Figure 12. Test apparatus
7.2 Permissible Working Pressure

Assessment of pipe joints to the procedure given in Table VIII gives only a pass/fail assessment
and does not take into account the variability of pipe manufacture and performance. An alternative
to assessing joints to Table VIII at a specific pressure would be to test joints until failure occurred
and then apply statistical analysis to establish a permissible working pressure. Utilising this method

would allow manufacturers who produced joints of a consistent standard to specify higher working

pressures for their joints.
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For both pressure and non-pressure applications, the permissible working pressure P,,,, of a rubber

ring joint with different pipe maierial may be established by prototype testing to satisfy:

(2)

where P, is the minimum short-term failure pressure (positive internal pressure or vacuum),
tested at the recommended maximum diameter distortion as given in Table IX, in a sample of N
assemblies, where P is defined in Appendix 7 to allow for the effect of load duration and K is a load
factor defined in equation (A8.1) to allow for the variability of failure pressures. The factor K is
determined based on reliability studies (Leicester, 1987; Pham, 1993) by using the assumption of a
two-parameter Weibull distribution for P,,;,, which leads to the most conservative load factors, as

discussed in Appendix 8. An example of the calculation to derive P, is also given in Appendix 8.

8 SUMMARY AND RECOMMENDATION FOR UNIFORM TEST
REQUIREMENTS

The work undertaken in this study is summarised as follows:

L 2

A literature search of standards, and previous and current research on the performance and
evaluation of elastomeric joints has been carried out, and it is found that the current performance
requirements given in the standards are not uniform, and the pressure ranges for hydrostatic
pressure tests vary significantly across the different pipe material types.

» Long-term elastomer properties have been investigated and it is found from literature that the
relaxation test results for different rubber rings support that specified in the current AS 1646;
however microbiological performance requirements are not adequately specified in AS 1646,

« A survey of Australian water authorities and pipe and rubber ring manufacturers has been
undertaken and the results indicate that water authorities essentially follow Australian standards
when defining the necessary performance requirements for joints between pipes and fittings.

* Test procedures concerning root intrusion have been investigated and a laboratory test apparatus

to determine elastomer interface pressure has been developed, and interface pressures of PVC,

VC and FRC have been assessed. The interface pressures measured compare favourably with

the current standard requirements.
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* An accelerated root intrusion test has been carried out and it is seen that the requirement of a
minimum interface pressure of 0.55 MPa and an interface length of 7 mm (where the interface
pressure exceeds 0.55 MPa), specified in the superseded AS 1260-1984, and still required for
utility infrastructure work and in AS 1741, is overly restrictive for plastics pipe applications.
The minimum contact width of 4 mm and interface pressure of 0.4 MPa, as specified in AS/NZS
12601996, might also be conservative, but the final conclusion on these requirements cannot
be reached until the end of the current accelerated horizontal root intrusion tests, which have
now been expanded to incorporate ring interface pressures below 0.4 MPa. In the meantime, the
values specified in AS/NZS 1260-1996 may be used for plastics pipes.

* A finite element modelling technique has been described for evaluating whether the remaining
interfé‘ge pressure, after considering the reduced pressure due to shear load, is sufficient between
rubber ring and PVC pipes to exclude sewer infiltration and exfiltration.

* A uniform assessment procedure is recommended to allow uniform comparison of all pipe
elastomeric joints, taking into account the creep properties of the pipe and the rubber ring, as

well as the effect of pipe deflection and distortion.
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APPENDIX 3 — PERFORMANCE REQUIREMENTS FOR RUBBER RINGS

TABLE A3.] :
AS 1646 - PHYSICAL PROPERTIES OF ELASTOMERIC COMPOUNDS A

Material properties & requirements

Requirements: nominal elastorner hardness, IRHD

36t0 <45 4510 <55 5510 <65 65t0 <75 7510 <85
NR and IR
Tensile strength, min, (MPa) 18 21 21 16 13
Elongation @ break, min. (%) 600 500 500 280 200
Compression set @ 23 + 2°C for 70 hr, max. (%) 12 12 12 15 15
Compression set @ 70 £ 2°C for 22 hr, max. (%) 25 20 20 20 20
Change on accelerated aging:
(a) tensile strength, max. (%) 20 20 20 20 20
(b) elongation, max. (%) 20 20 20 20 20
(¢) IRHD, \(max.) 5 5 5 5 b}
CR
Tensile strength, min. (MPa) 11 14 14 14 12
Elongation @ break, min. (%) 550 500 500 300 180
Compression set @ 23 + 2°C for 70 hr, max. (%) 15 12 12 15 i3
Compression set @ 70 = 2°C for 22 hr, max. (%) — — — 20 20
Compression set @ 100 2 2°C for 22 hr, max. (%) 15 15 15 — —
Change on accelerated aging:
(a) tensile strength, max. (%) 20 20 20 20 20
{b) elongation, max, (%) 20 20 20 20 20
{c) IRHD (max.) 5 5 5 5 5
Oil resistance @ 100 = 2°C for 70 hr, max. (%) 100 100 100 100 100
SBR
Tensile strength, min. (MPa) 12 14 14 15 12
Elongation @ break, min. (%) 500 500 450 400 300
Compression set @ 23 + 2°C for 70 hr, max. (%) 15 12 12 15 15
Compression set @ 70 + 2°C for 22 hr, max. (%) — e — 20 20
Compression set @ 100 + 2°C for 22 hr, max. (%) 15 15 15 — —
Change on accelerated aging:
(a) tensile strength, max. (%) 20 20 20 20 20
(b) elongation, max. (%) 20 20 20 20 20
{c) IRHD (max.) 5 5 5 5 5
NBR
Tensile strength, min, (MPa) 8 9 i0 12 11
Elongation @ break, min. (%) 500 450 350 250 150
Compression set @ 23 + 2°C for 70 hr, max. (%) 15 15 15 15 15
Comp_ression set @ 70 + 2°C for 22 hr, max. (%) 20 20 20 20 20
Change on accelerated aging:
(a) tensile strength, max. (%) 20 20 20 20 20
(b) elongation, rax. (%) 25 25 25 25 25
(c) IRHD (max.) 5 5 5 5 5
Oil resistance @ 100 + 2°C for 70 hr, max. (%) 40 40 40 40 40
EPDM
Tensile strength, MPa (min.) 11 11 12 11 9
Elongation @ break, min. (%) 450 400 325 200 125
Compression set @ 23 + 2°C for 70 hr, max. (%) 15 15 15 15 15
Compression set @ 70 + 2°C for 22 hr, max. (%) 20 20 20 20 20
Change on accelerated aging:
(a) tensile strength, max. (%) 20 20 20 20 20
(b) elongation, max. (%) 30 30 30 30 30

{c) IRHD (max.)

EUROPEAN STANDARD (PrEN 681-1:1992 E) — PHYSICAL PROPERTY

TABLE A3.2

REQUIREMENTS FOR MATERIALS USED IN COLD WATER SUPPLY AND
DRAINAGE, SEWERAGE AND RAINWATER

Material properties & requirements

Requirements: nominal elastomer hardness, IRHD

40 50 60 70 80 90
Types WA, WC and WG
Range of hardness (IRHD) 3645 46-55 56-65 66-75 76-85 86-95
Permissible tolerance on hardness 5 5 5 5 5 3
Tensile strength, min. (MPa) 9 9 9 9 9 9
Elongation @ break, min. (%) 400 375 300 200 125 100
Compression set, max.
72 hr @ 23°C 12 12 12 15 15 15
24 hr @ 70°C 20 20 20 20 20 20
72 hr @ -10°C 40 40 50 50 60 60
Aging, Tdays @ 70°C
Hardness change, max. IRHD) +8/—5 +8/-5 +8/-5 +8/-5 +8/-5 +5/-5
Tensile strength change, max. (%) =20 =20 -20 -20 20 =20
Elongation change, max. (%) +10/=30  +10/-30  +10/-30 +10/-30 +10/—40 +10/—40
Stress relaxation, max.
7 days @ 23°C (%) 13 14 15 16 17 18
100 days @ 23°C 19 20 22 23 25 26
Stress relaxation per log. decade, max. 5.1 5.5 5.9 6.3 6.7 7.1
Volume change in water, 7 days @ +8/-1 +8/-1 +8/-1 +8/-1 +8/-1 +8/-1
70°C, max. (%)
Ozone resistance No cracking when viewed without magnification
Optional requirements
Compression set, max. (%) -
72 hr @ -25°C 60 60 60 70 70 70
Hardness change, max.
168 hr @ -25°C +18 +18 +18 - e —
Volume change in oil, max. (%)
72 hr @ 70°C, No. 1 +10 +10 +10 +10 +10 +10
72 hr @ 70°C, No. 2 +50 +50 +50 +50 +50 +30
Types WB, WD and WF
Range of hardness (IRHD} — 46-55 56-65 66-75 76-85 86-95
Permissible tolerance on hardness — 5 5 5 5 5
Tensile strength, min. (MPa) — 9 9 9 9 9
Elongation @ break, min. (%) — 250 200 200 100 100
Compression set, max.
72 hr @ 23°C e 15 15 15 15 15
24 hr @ 125°C — 20 20 20 20 20
Aging, 7 days @ 70°C
Hardness change, max. (IRHD) — +8/-5 +8/-5 +8/-5 +8/-5 +5/—5
Tensile strength change, max. (%) oo =20 20 20 =20 =20
Elongation change, max. (%) — +10/-30 +10/-30G +10/-30 +10/—40 +10/—40
Stress relaxation, max.
7 days @ 23°C (%) — 15 15 15 18 18
7 days @ 125°C (%), (1) e 30 30 30 30 30
Volume change in water, 7 days @
95°C, max. (%), (1) — +8/-1 +8/-1 +8/-1 +8/-1 +8/—1
Ozone resistance No cracking when viewed without magnification
Tear strength, min. (N) — 20 20 20 20 20
Compression set in water, (1), (2)
70 days @ 110°C, max. (%) — 30 30 30 30 30
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TABLE A33
EUROPEAN STANDARD (PrEN 681-1:1992 E) — DESIGNATION OF ELASTOMERIC
JOINT SEALS BY TYPE, APPLICATION AND REQUIREMENTS

Type Application Requirement
WA Cold potable water supply up to 50°C Cold water supply and drainage, sewerage
and rainwater (Table 7)
Effect on water quality
Microbiological deterioration resistance
WB Hot potable water (continuous supply up Continuous hot water supply up to 110°C
to 110°C) Effect on water quality
Microbiological deterioration resistance
WwWC Cold non-potable supply, drainage, sewerage Table 7
) and rainwater pipes (continuous flow up to Microbiological deterioration resistance
b 45°C and intermitient flow up to 95°C)
WD , Hot non-potable water (continuous supply Microbiological deterioration resistance

up to 110°C)

WE Hot potable water (continuous supply up to
110°C) seals manufactured from isoprene—
isobutylene copolymer

Effect on water quality
Microbiological deterioration resistance
Compression set in hot water

WF Hot non-potable water (continuous supply Microbiological deterioration resistance
up to 110°C) seals manufactured from Compression set in hot water
isoprene—isobutylene

WG Cold non-potable supply, drainage, sewerage Table 7

and rainwater pipes (continuous flow up to
45°C and intermittent flow up to 95°C) with
oil resistance

Microbiological deterioration resistance
O1] resistance
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TABLE A3.4
BS 2494 — PHYSICAL PROPERTIES OF ELASTOMERIC COMPOUNDS

Material properties & requirements

Requirements: nominal elastomer hardness, IRHD

3645  46-55 56-63 66-75 76-84 8591
Type W (water)
Tensile strength, min. (MPa) 9 9 9 9 9 9
Elongation @ break, min. {%) 400 375 300 200 125 100
Hardness, IRHD (rnicrotest) Within 3 of specified hardness
Compression set @ 23 + 2°C for 70 hr, max. (%) 12 12 12 15 15 15
Compression set @ 70 + 2°C for 22 hr, max. (%) 20 20 20 20 20 20
Stress relaxation, max. (%) 13 13 15 15 18 18
Water absorption, swell, max. (%) 8 g 8 8 8 8
Low temp. hardness change, max. from 23°C value,

IRHD (normal test) 5 5 5 5 5 5
Ozone test No cracking visible under 7x magnification
Change on accelerated aging, 70°C, 168 hr:

(a) tensile strength, max. (%) 20 20 20 20 20 20
{b) elongation, max. (%) 30 30 30 30 30 30
{¢) hardness, IRHD (max.) 5 5 5 5 5 5
Type D (drainage)

Tensile strength, min. {(MPa) 9 9 9 9 9 9
Elongation @ break, min. (%) 400 375 300 200 125 100
Hardness, IRHD (microtest) Within 3 of specified hardness
Compression set @ 23 x 2°C for 70 hr, max. (%) 12 12 12 15 15 15
Compression set @ 70 = 2°C for 22 hr, max. (%) 20 20 20 20 20 20
Stress relaxation, max. (%) | 13 13 15 15 18 18
Water absorption, swell, max. (%) 8 ] 8 3 8 8
Low temp. hardness change, max. from 23°C value,

IRHD (normal test) 5 5 5 5 5 5
Ozone test No cracking visible under 7X magnification
Change on accelerated aging, 70°C, 168 hr:

{(a) tensile strength, max. (%) 20 20 20 20 20 20
(b) elongation, max. (%) 30 30 30 30 30 30
(¢) hardness, IRHD (max.} 5 5 5 5 3 5
Type T (thermoplastic elastomer for above-ground use only)

Tensile strength, min. (MPa) 4 4 4 6 — —
Elongation @ break, min. (%) 400 375 300 300 o —
Hardness, IRHD (microtest) Within 3 of specified hardness
Compression set @ 23 = 2°C for 70 hr, max. (%) 25 23 25 25 — —
Compression set @ 70 = 2°C for 22 hr, max. (%) 40 40 40 40 — —
Stress relaxation, max. (%) 15 20 25 25 — —
Water absorption, swell, max. (%) 6 6 6 6 — —
Low temp. hardness change, max. from 23°C value,

IRHD (normal test) 5 5 5 5 — —
Ozone test No cracking visible under 7x magnification
Change on accelerated aging, 70°C, 168 hr: — —
(a) tensile strength, max. (%) 10 10 i0 10 — —
(b) elongation, max. (%) 10 10 10 10 — —
(c) hardness, IRHD (max.} 5 5 5 5 —_— —
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Table A3.4. (continued)

Material properties & requirements

Requirements: nominal elastomer hardness, IRHD

36-45 4655 56-63 66-75 7684  85-91

Type G (gas and hydrocarbon fluids)
Tensile strength, min. (MPa)
Elongation @ break, min. (%)
Hardness, IRHD (microtest)
Compression set @ 23 = 2°C for 70 hr, max. (%)
Compression set @ 70 + 2°C for 22 hr, max. (%)
Compression set @ -5°C for 22 hr, max. (%) after
30 min. recovery @ test temperature
Stress relaxation, max. (%)
Ozone (est
Liquid immersion tests
Volumejincrease, max. (%)
Hardness change, IRHD, max.
Tensile strength, min. (MPa)
Elongation @ break, min. (%)
Desorption tests
Volume loss, max.
Change on accelerated aging, 70°C, 168 hr:
(a) tensile strength, max. (%)
{b) elongation, max. (%)
(¢) hardness, IRHD {(max.)

Type H (hot potable water) and Type S (hot non-potable water)

Tensile strength, min. (MPa)

Elongation @ break, min. (%)

Hardness, IRHD (microtest)

Compression set @ 23 = 2°C for 70 hr, max, (%)
Compression set @ 70 + 2°C for 22 hr, max. (%)
Stress relaxation, max. (%) '

Water absorption, swell, % max.

Ozone test

Change on accelerated aging, 125°C, 168 hr:

(a) tensile strength, max. (%)

(b) elongation, max. (%)

(c) hardness, IRHD (max.)

9 9 9 9 9
400 300 200 150 100
Within 3 of specified hardness
8 8 8 8 8
12 12 12 12 12
20 20 20 20 20
10 10 10 10 10
No cracking visible under 7x magnification
30 30 30 30 30
16 15 i3 14 12
4.5 5 5 5 5
225 175 125 100 75
15 12 10 10 10
10 10 10 10 10
25 25 25 25 25
5 5 5 5 5
9 9 9 9 9
300 250 200 100 100
Within 3 of specified hardness
15 15 15 15 15
15 15 15 15 15
30 30 30 30 30
8 8 8 8 8
No cracking visible under 7x magnification
20 20 20 20 20
20 20 20 20 20
5 5 5 5 5
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TABLE A3.5
ASTM F477-90 — PHYSICAL REQUIREMENTS FOR ELASTOMERIC SEALS
FOR PLASTIC PIPES

Tests Low-head application
(below 150 kPa or
50-foot head)

High-head application
(150 kPa or 50-foot
head and above)

Original properties
Tensile strength, min. (MPa) 8.3 13.8

Elongation, min. (%) 325 400

Hardness, Type A durometer 40-60 4060

Low-temperature hardness, Type A durometer, max.

increase, points 15 15

Compression set, max. (%) 25 20

Ozone resistance No cracks No cracks
Accelerated aging (air oven test)

Decrease in tensile strength, max. of original (%) 15 15

Decrease in elongation, max. of original (%) 20 20

Hardness, Type A durometer, max. increase, points 8 8
After water immersion

Change in volume, max. (%) 5 5
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APPENDIX 7 — DETERMINATION OF COEFFICIENTS FOR PRESSURE TESTS
I
» The coefficients o and [ are the test pressure multipliers which are defined in such a way that
o] I
g adequate performance of the assembled rubber ring joints can be ensured during the service life §F‘
* E :l
s of 50 years. By multiplying the pipe working pressure by these factors, the test is carried out under I
on
such conditions that the expected rubber stress relaxation and the creep of the pipe material after
50 years is reached in 1000 hours (if other times are used, e.g. 24 hours or 100 hours, the principles
for determining the multipliers as detailed in the following are still applicable). Based on either
the rate of compression stress relaxation of rubber ring (defined in Table 3.2 in AS 16461992, :
i
& denoted as R, here) or the creep properties of pipe materials, o is defined as the larger of: "
7
s £
K 1-3R .
g T (AT.1) ‘
= 1-564R,
S |
= C . 4
i which is
& 1
) 1
G 1000
v - T 50 ;
4 = vears Iy
o] v
= .
ﬁoﬁ derived from ¢ = o (1 - R, log 1) for rubber, or
=
= S 1000
< g (A7.2)
=4 g Cs Jp
= 5
E K 3 and [ is defined as the larger of:
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where ¢ is the time in hours, G is the initial rubber or pipe stress (taken as the stress at 1 hour),
0, is the design stress of pipe material, and 0gpp and Osgye,. are rubber or pipe stress at 1000
hours and 50 years respectively. The subscripts ‘7" and ‘p’ stand for rubber and pipe respectively.

These factors should be rounded to the next higher 0.05.

are determined based on the approach given in ISO/DIS 4422-5.

0| and 6)gg are calculated to consider the creep strain at the operating stress, applied over the
design life}of the pipe as well as a safety factor. The strain in the pipe material after 50 years of
operating at\the design stress () in the system, can be determined from isochronous stress/strain
diagrams for the service temperature (Figure 3 from ISO/DIS 4422-5). To this strain value a safety
factor of 50% is added. Using this new strain value, the test stress for [ hour (&) and 1000 hours

(S1000) are determined from the isochronous stress/strain diagram.
A7.1 Calculation Example

A7.1.1Rubber ring joined PVC pipe

Rubber: Take R, as given in AS 1646-1992, i.e. 6%:

1-3R,

= = 1.24
1 -5.64 R,

1
S —— {1
=T 5a R,

PVC pipe: design stress o, = 11.0 MPa (AS 2566.1); strain (€) at an induced stress equal to G
after 50 years = 0.483; additional strain safety factor for test (€4) which is equivalent to half (g) =
0.242; strain value for test (e = € + €4) = 0.725; test stresses (o) and (Gppp) at a strain value of
&= 22775 MPa and 18.3 MPa:

01000

G

0]

=2.1

):1.7and[3=

Cs

As the values of « and P calculated are larger for the PVC pipe than those for rubber, the
multipliers for the test pressure shall be those from PVC, i.e. o =1.7 and B = 2.10.

A7.1.2Rubber ring joined steel pipe

As creep does not greatly affect steel under normal service conditions, the muitipliers shall be

determined from rubber only. As calculated in the previous example, o =1.25 and p =1.50.




APPENDIX 8 — DETERMINATION OF LOAD FACTOR (k)

The value x is calculated according to:

28 (A8.1)

va

K =

where N is the number of the assemblies tested and Vp is the coefficient of variation of the

measured data computed directly from the data values P; as follows:

N
Y (Pi-Pmean)*

V,= P _ i=1 (A32)
Puean N-1

P

where

(A8.3)

P; = sample values.

Equation (A8.1) provides a 95% confidence limit in the fifth percentile value of the measured data.
A8.1 Example

Results of hydrostatic tests conducted on thickened PVC rubber ring jointed pipes are given in
Table A8.1 (Michael Stahmer, Vinidex Tubemakers Pty Ltd, Melbourne, pers. comm., 1996) can

be used to illustrate the above approach.

For PVC, the load duration factor B is determined to be 2.1 from Appendix 7. Substitution of B
and the data shown in Table A8.1 into equations (2) to (A8.3) results in the following:

DNI00: P,;,, = 3.4 MPa, P, ., = 3.875 MPa, V,, = 0125, k = 1.397 and P, = 1.43 MPa
= | MPa, Py, = 1.75 MPa, V, = 0297, x = 2.213 and P,,, = 0.27 MPa

DN150: P

min

As seen in Table A8.1, the variation of results for the DN150 pipe is much greater than that for the

DN100 pipe. The calculated permissible working pressures shown above reflect this variability.

TABLE AS8.1
HYDROSTATIC TEST RESULTS ON PVC RUBBER RING JOINTED PIPES

Sample  Haul-off Mean groove wall Test conditions Test result
no. & size rate

Pre-end-form  Post-end-form

1/100 1.675 5.31 4.28 ‘Instantaneous’ burst Spigot fracture at 3.6 MPa
3/100 1.6 537 4.3 ‘Instantaneous’ burst Spigot fracture at 4.5 MPa
5/100 1.675 524 4.19 4 MPa, 30 minutes Ring extruded

6/100 1.7 5.1 4.23 3.4MPa, 10 minutes Ring extruded

1/150 1.15 433 3.69 ‘Instantaneous’ burst Pipe & socket fracture at 2.1 MPa
21150 1.45 4.72 3.81 ‘Instantaneous’ burst Ring extruded at 2.1 MPa
3/150 1.35 413 344 ‘Instantaneous’ burst Joint leak at 1 MPa

5/150 1.2 4.68 3.98 1.8 MPa, 20 minutes Spigot fracture




i

UWRAA RESEARCH REPORTS

Report Titie Author Report Title Author
Number Number
1 Trickling filter - solids contact M. Laginestra 21 Management and display of dam D. M. Stirling
procass: Pilot plant studies. surveitiance data G. L. Benwall
2 A model of water pricing for P. B. Dixon A. B. Mumane
Melbourne, Sydney and Perth P. M. Norman 22 Evaiuation and demonstration J. A. Lanaway
3 Taste generation associated with M. Kersiake facilites for pnmary sansors M. Cavey
chioramination 23 Modelling and design of reservoir D. P. Lewis
4 Bacterial regrowtn in water supplies K. Power aeration destratification systems J. C. Patterson
L A. Nagy J. imberger
-A-Nag R. P. Wright
5 leakage management: Assessing B. Horvath S. G. Schadlow
cti . . -
I‘:i;gif;;‘i;:fﬁi;i% O;on on 24 Modelling optimum conditions for R. M. A. Velzeboer
systems reserveir destratification using J. A, Cugley
Y mechanical mixers J. C. Patterson
5 'mug:izvélgwo:g:?:giat:;o: Ov;irlth the g E g arr:‘c;arrcw 25 Methods for detection of Giardia C. A Bee
fssues i S and Cryptosporidium in water: P. E. Christy
A preitminary assgssment B. E. Robinson
7 :Vat:;::::&aency of domestic DJ J B:::on 26 Toxic cyancbactenain water D. J. Flett
PP T suppiies: Analytical techniques B. C. Nicholson
f ti its to P.J. 8l . L .
8 iilzg; sg;fa:jt:t:; n;cg'[)sf:ac:jon D Ba?n]:: 27 Tracing toxic discharges to sewers D. Oliver
p- R Evans by anaiysis of biofims T. Watson
I. Law 28 Electronic meter reading: Link P. J. Reid
9 Review of antificial destratification T. F. McAuliffe beween water moter and house i‘ SFZ 2?::‘“
of water storages in Ausralia R. 8. Rosich T
10 Taste thresholds of mono- 8. O'Halloran 29 Ldear:‘t:::aag:;;f::: TSnNgos:;i:sles P Baker
chloramine and chlorine in water C. Veres Y ’
{1 Chromatographic analysis of a. O'Malloran 30 Forecasting water demand using M. N. Viswanathan
chloramines using electrochemical Hai Lin Ge weather data
detaction P. Spizzin a1 Effects of conmols on water M. N. Viswanathan
12 Glass reinforced plastic bore casing  R. Bowyer consumpton
for large diameter and deep bores 32 Biological removal of iron from M. N. Viswanathan
13 A guide to improving communicaton B, E. Nancamrow groundwater: Prefiminary studies
with the public on water industry G. J. Syme 33 Statistical modelling of water main E. Tsui
pelicy issues failures G. Judd
14 Fouling and cleaning of fine K. J. Hartde 34 Sratification, mixing and water R. Lukatelich
9 Y h
bubble ceramic dome diffusers quality in Darwin water supply D. Robertson
- - reservoirs K. Boland
15 Chloramination of Water Supplies P. M. Thomas (ed) J. Imberger
16 The 1988 Australian Winter Storms J. B. Jensen J. Patterson
S;g:::{::: :sﬁeport on aircraft 35 Performance auditing in the S. OKane
Ausiralian urban water industry I. Parry
17 Pipeline assels; Lite cycle R. Vass D. Blunden
management and economic life M. Andarson D. Hetting
g' ;:‘::‘on 36 Microbiological studies on R. C. Bayly
’ enhanced removal of phosphates J. W. May
18 Development of empirical model Camp Scott from sewage G. Vasiladis
for tradewaste discharges to Furphy G. N. Rees
small treatment plants 37 Magnetite and microwaves in D. R. Dixon
‘ sewage effluent treatment A. J. Ware
19 i : .
isfuzm:?;;?:;de (Amended): gj:nz Scont 38 Pulymer based electrode for the Y. Lin
phy selective detection of dichloramine G. G, Wallace
hemi i i .
20 Chemical regeneration of activated G. Newcombe 39 Current cost asset valuation: J. Dyke

carbon: Preliminary studies

Methodology




UWRAA RESEARCH REPORTS

Report Tltle Author Report Title Author
Number Number
40 Community analysis of household G. J. Syme 59 Elec:ronic_ hogsehold walter meter: Z. Balazic
waler pressure satisfaction B. E. Nancamow investigation inta a cost effective A. Leong
B. J. Bishep design
L]
P. VanderWal 60 Domestic greywater reuse. B. Jeppesen
41 Assessment of coagulants for C. Donati Preliminary evaluation
water reatment 61 Chemical regeneration of activated  G. Newcombe
42 Coagulants lor water treatment: ACWQR carbon: A feasibility study ,
A generic guide ‘ 62 Tracing toxic discharges to sewers W, H. Lock
43 Optimai prices for urban water: P.B. Dixon by analysis of biofiims (Stage 2)
A general equilibium m applied  D.J. Baker 63 Production of Jerusalem artichoke M. Parameswaran
to Meibourne hybrids under irrigation using urban
44 Appiications of the Streaming W. Barr_on wastewater
Current Detectar in water treatment a g Dixon 54 Control of pitting carrosion of R Tay!o['
‘.‘«. - Fascoe copper lubes in potable waters P. H. Cannington
45 Sydney coastal st‘o\rmwater study W. G. Rowlands 65 Measurement of Total Factor |, Manning
stal Productvity in major water utilittes:  E. Molyneux
46 ldentification of commeon noxious P. Baker Melbourne case study
cyanobactena: Pat2 - = 86 Assimilable organic carbon as a K. C. Tapang
Chroococeales and Cscillatoriales measure of bacterial growth M. Drikas
47 Levelling using the Global A P Arrn.strong potential in water supplies L. E. Bannett
Positianing System ],p_: fLC Ol::er 67 Simultaneous peak water demands  J. Henstridge
- o Leahy in residenbal areas G. J. Syme
48 Allocation of sewerage costs to R. Heod B. E. Nancarrow
customer segments P. Geary 68 Instailation damage: Effect on L. S. Bumn
49 mpact of urban lawns on nutrient M. L. Shama Iifetime_:s of uPVC pipes subjected
contamination of an uncontined D. €. Heme to cyclic pressure
aquiter ' 5 ' S'S'"B 69 Safety aspects of the design R. J. Keller
- U M. Byme of roadways as floodways 8. Mitsch
50 Early wa_rnin_g system for hazardous R. E'I;Zuoran 70 Regional development 0. Hunter
substances in sewage 5 H. P1;;°nt implications of wastewater reuse. W. Smith
- - rikingian Wermribee case study L. Nagy
51 Management modet for trade waste ~ Camg Scott P. Jacob
qischan_'ges to small treatment plants  Furphy 71 Treatment of electroplating wastes  A. G. Fane
(mdUdmg. PRELIM VERSION 4.0 using new-generation membrane Y. R. Shen
Users Guide) technology
52 Gut:r;a:: meter :eadin%: billing E Ezgz g 72 Stochastic economic approach to G. Kuczera
nk between meters and billi . N W S. N
! orks augmentalion timin q
centra (Combined utlities trial) Z. Balazic headw 9 ¢ 54
i eywater reuse: . Jeppesen
53 Prediction of perceived edour D. G. Laing 73 g‘;;i:ta': %rra?t:ce and its 0. 80le
strength and type from cempasiton A, Eddy appiicability to Austraia
of sewage odour mixtures D. J. Best
: . . . . 74 Decision support systems for the J. M. Ecdwards
54 Tracer studies using bactericphage 8. J. Richardson water industry’ An Object-Oriented ]
to predict the fate of viruses in the A. L. Charltan approach
marine community: S. Currie o
Preliminary assessments P. Ashton 75 Chemical characterisation and R. Kaye
I. Lowther olfactometric measurement of g gﬁulhem
urs from sewage treatment . Stone
55 Development of a water quaiity G. W. Skyring ::j:c;ss units 9
analyser suitzble for unattended i. A. Johns -
use in rivers and streams J. A, Cugley 76 Utilisation of sewage sl;gtge E:r ) C. P. Phillips
inesite rehabilitation. Rix's Cree
56 Enhancement of nitrificatan in F. M. Gross m;:e Trial
wastewaler lagoons .
. . - 77 A banchmarking methodology .R.C. Eggleton
57 [dent:ﬁcauon of cntical water PPK Consuitants for the Australian water industry
supply assets .
. . . 78 Water quality effects of aeration/ R.S. Rasich
58 \évdater n O;r gnv:ronmeﬂt? g CB:II.";:da'-‘I destratification at Harding T.A. McAuiiffe
ucation Projec . Cliffe

H. Henderson

Rasarvoir, W A,

UWRAA RESEARCH REPORTS

Report Title Author Report Title Author
Number Number
79 Heavy metals and organics in W. H. Lock 97 Landfarming hydrocarbon wastes W E Razzell
domestlic wastewater P Griffin
F Boevink
80 Effluent reuse: Land and wet J. M. Anderson 98 Water treatment plants for small A B Roberts
weather storage requirement T.J. Ruge communities J A Delaine
81 Graphical interactive pipe network B.L. Berghout 99 The role of biofilm and sediment K N Power
analysis program accumulation and of chlorine R P Schneider
tolerance in bacterial regrowth K C Marshall
82 Survey of pipeline rehabilitation Gutteridge Haskins & 100 Phosphorus in Detergents: its P Cullen
techniques Davey Contribution to Eutrophication in A Heretakis
Australian Inland Waters A Herington
83 Bioavailability of aluminium from J. Walton 101 Disinfection of Wastewater Effluent: C Hamilton
drinking water: Co-exposure with G. Hams A Review of Current Techniques
foods and beverages D. Wilcox
84 Dezincification of brass in potable D. Nicholas 102 The effect of imigation on Blue Gum R H Froend
waters (Eucalyptus globufus) water uptake G W Chester
J K Marshall
85 Behaviour of aluminium during P. Zhang 103 Principles for Setting Developer’s G A Draper
water treatment M. McCormick Contributions for Urban Water J F Thomas
J. Hughes Infrastructure P B Mcleod
M. Brymner
a7 Benchmarking and best practice for  C. Aitken 104 Epidemiological Evidence of Algal O El Saadi
urban waterway management Toxins in Drinking Water and D A Steffensen
Recreational Waters
83 Quantification of factors controlling  J.A. Winder 105 Detection of Cyanobacterial Peptide  J F Wheldrake
the development of Anabaena D.M.H. Cheng Toxins by a Non-Radioactive Protein A Biiney
circinalis blooms Phosphatase Inhibition Assay £ Rosenberg
89 Urban water, markets and the A. Maddock 106 Water Treatment Sludge: Potential M Ahmed
Hilmer reform process N. Gonzalez for Use as a Soil Ameliorant C Grant
J Oades
90 Remote sensing electronic device B.G. Laing 107 Model Guidelines for Domestic B Jeppesen
for hydrogen sulphide in the D. Barnett Greywater Reuse for Australia
atmosphere G.G. Wallace
91 Simultanecus peak flows for J. Henstridge 108 Advance Warning of Cyanobacterial A TR Sim
medium density residential areas G.J. Syme Toxicity J AP Rostas
B.E. Nancarrow
S. Martens
8. Gilbert
g2 Die-off of human pathogens in R. Gibbs 109 Guidelines on the Quality of P Dillon
stored wastewater sludge and C. Hu Stormwater and Treated P Pavelic
sludge applied to land G. Ho Wastewater for injection into
L. Unkovich Aquifers for Storage and Reuse
P. Phillips
93 Benchmarking the economic tondon Economics 110 The Destruction of Cyanobacterial J Rositano
performance of Australian urban Peptide Toxins by Oxidants Used in
water authorities Water Treatment
94 Biological Nutrient Removal Plants: K. Hartley 11 Application of Duckweed in Treating R Aleng
Review of Full-Scale Operation Municipal Wastewater
95 Stormwater Management in B E Nancarrow 112 Alternative Overseas Water P Nadebaum
Australia: Community Perceptions, B S Jorgensen Treatment and Supply Practices N Johnston
Attitudes and Knowledge G J Syme T Priestley
R Vass
96 Development of a high resolution Ch Zoppou 113 Ammonia Removal from Sirofloc® N A Booker
water quality model S Roberts STP treated Sewage using E L Cooney

Australian Natural Zeclite




UWRAA RESEARCH REPORTS

Report Title Author Report Title Author
Number Number
Other Reports
114 Predicting the Failure Performance K Mavin 200 Review of Drinking Water Treatment  Guiteridge
of individual Water Mains Coagulants Haskins &
Davey
115  Drinking Water Disinfection By- K L Simpson 2N Biclogical Aspects of Aluminium in F Cumming
Products Relevant to the 1996 K P Hayes Food and Water Supply
NHMRC/ARMCANZ Guidelines
116  Sustainable Urban Water Systems: M Mouritz Qccasional Papers
Issues and Opportunities P Newman
No 1 Water Pricing and the Marginal Cost R Warner
of Water
117 Water Sensitive Urban Design: A M Mouritz Ne 2 Systematic Envirgnmental S Mills
Tool for Urban Integrated P Newman Management in the Water Industry:
Catchment Makagement - a Case Toward Best Practice
Study of Bayswater
118  An Evaluation of an Integrated M Mouritz A Guide to Wetland Invertebrates of  J Davis
Urban Water Management System: P Newman Southwestern Australia
Palmyra Case Study
119  Critical Evaluation of Domestic The Australian Environmental Management S Mills
Irrigation Equipment Irrigation Technology Guidelines for the Australian Water
Centre tndustry
120 New Concepts in Sludge P Scales 131 Numerical Modelling of Extreme D J Abbs
Bewatering S Johnson Precipitation Events B F Ryan
D Labbett
D Dixon
121 Impact on Water Quality of Gross M Abood 132 Land Disposal of Wastewater M Stevens
Pollutants S J Riley
122  Products in Contact with Drinking R P Walters 133 Assessment of Stormflows in A S Flinders
Water: Investigations into the Metal M Marchesan Sewerage Systems M Poon
Extraction and Microbiological
Growth Tests
123  Determination of the Hepatotoxin P M Bond 134 Removal of intact Cyanobacterial C W K Chow
Cylindrospermopsin Produced by B C Nicholson Cells by Water Treatment J House
the Cyanobacterium M Drikas
Cylindrospermopsis Raciborskii M D Burch
124  The Microbiological Oxidation and L1 Sly 135 Charactetisation of Saxitoxins R M Velzeboer
Rermaval of Manganese from L Bryant Produced by the Cyancbacterial P D Baker
Drinking Water by a Continuous E Larsen Genus Anabaena in Australia J Rositano
Recycle Fluidized Bioreactor D R Dixon
126  Development of a Bioindicator to G Duke 142 Stormwater Management in B E Nancarrow
Measure In-stream Effects of A Veenstra-Quah Australia: The Feasibility of G J Syme
Wastewater Overflows Neighbourhcod Action and P N Morris
Gommunity information B S Jorgensen
F C Casella
129  By-Products Formed in the J Rositano 145 Prediction of Pipeline Failures from G Constantine
Destruction of Algal Toxins by P M Bond Incomplete Data R Miller
Oxidants such as Chlorine 8 C Nicholson J Darroch
130  Ewvaluation of Copper Algicides for M D Burch
the Control of Algae and R M A Velzeboer
Cyancbacteria C WK Chow
H C Stevens
C M Bee

J House







