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Concrete pipe was first manufactured 
in Australia and New Zealand more 
than 100 years ago. Following the 

success of the early innovators, the first 
Standard for concrete pipe was published  
in 1937. Since this time Standards Australia 
and Standards New Zealand have been 
instrumental in setting and maintaining 
uniformly high standards of manufacture 
in the industry, which has resulted in many 
years of excellent performance of thin 
walled, high quality concrete pipe.

In 2007, the Standards committee signed 
off on what is considered to be the most 
robust standard worldwide for the produc-
tion of quality concrete pipe – AS/NZS 4058: 
2007 ‘Precast concrete pipe (pressure 
and non-pressure)’. The main purpose of 
AS/NZS 4058 is to provide manufacturers 
with a series of guidelines that allows them 
to produce an appropriate size concrete 
pipe to the required strength class that will 
allow it to last for over 100 years.

The Standard is recognised as being 
performance based. This means that con-
crete pipe manufactured to this Standard 
is expected to meet specific performance 
criterion that is applicable to the environ-
ment and service conditions the material 
is expected to work in throughout its design 
life. 

To meet the exacting standards outlined  
in AS/NZS 4058 precast concrete pipe has to 
be manufactured under controlled conditions. 
To achieve this, manufacturers need to:

• ensure careful selection and testing of
raw materials to Australian and/or New
Zealand Standards

• develop appropriate mix designs and
reinforcement configurations to meet
strict performance requirements

• use highly developed machinery that
is specific to the production of precast
concrete pipe

• use appropriate curing and stripping pro-
cedures to promote efficiency along with
high quality concrete

• follow a sampling and testing plan in
accordance to AS/NZS 4058 to ensure
that the material is acceptable for use in
the field.

To ensure that these procedures are 
followed, AS/NZS 4058 requires pipe man-
ufacturers to have an auditable Quality 
Management System (to ISO 9001) that 
monitors and demonstrates compliance of:

a. all raw materials

b. the manufacturing processes

c. the performance of the finished product.

This issue of Pipeline is dedicated to
outlining what’s involved in the process and 
how it all ties up to producing a quality con-
crete pipe that will last for over 100 years!
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Concrete Pipe Association
of Australasia

Manufacturing Concrete
Pipe to Last 100 Years
This is the third of a three-part series in 2012 
that outlines how steel reinforced concrete pipe 
can be designed, manufactured and installed 
in accordance to Australian and New Zealand 
Standards to last 100 years.

AS/NZS 4058:2007 Precast concrete pipes 
(pressure and non-pressure)’



 
 

 
 

 
 

 
 

 
 

raw materials
verification of compliance. This is not the 
case with precast concrete pipe.

The primary components of reinforced 
concrete pipe are typically cement, fly ash, 
water, aggregates, and steel reinforcement. 
Initially, before any raw material can be 
used, it needs to be demonstrated that it is 
suitable by complying with its own Austral-
ian or New Zealand Standard, relevant to its 
properties and methods of testing. 

Mix designs using these raw materials 
are developed by individual concrete pipe 
manufactures to be compatible with their 
particular production methods, and to 

meet the specific requirements of AS/NZS 
4058. These mix designs provide optimum 
strength and density, and the actual pro-
portioning is controlled by precision batch-
ing equipment. The subsequent low water/
cement ratio (< 0.4) is an inherent charac-
teristic of pipe concrete. This is considered 
essential for strength and durability of the 
concrete. 

The materials are mixed and batched in 
purpose-built concrete pipe manufacturing 
plants by specialised operators, along with 
specific procedures for controlling quality 
throughout every phase of production. 

The tight controls on concrete raw 
materials as outlined in AS/NZS 4058 
(Clause 2.1) are the first part of a multi- 

staged system of control that is required to 
allow concrete pipe to have the potential 
for a service life in excess of 100 years.

While not unique to this Standard, the 
extent of the control of raw materials for 
pipe concrete exceeds the controls for many 
performance-based products, in particular 
other types of pipe material. In many cases 
finished product testing is the major con-
trol, with component raw materials and  
manufacturing processes less subject to 

2

Must comply with AS 3972 or NZS 3122 
and is typically general Portland cement. 
However, in some instances concrete 
pipe can be produced using other 
cement types such as sulfate resistant 
(SR) for specific durability requirements.

Must comply with the relevant parts 
of AS 3582. In some instances other 
supplementary cementious materials 
may be used in blended cements for 
specific requirements.

Must comply with the requirements 
of AS 1379 or NZS 3121.

Must comply with the relevant 
sections of AS 2758.1 or NZS 3121, 
where appropriate for the application 
of concrete pipes.  

tolerances for these engineered products are 
met. The amount of steel that is used is depend-
ent on the manufacturing process, design of the 
pipe structure, and the class of pipe. 

The quality of the reinforcing cage and the 
adequacy of the steel configuration used in the 
pipe is further confirmed when the product is 
factory tested under load for acceptance.

The reinforcement used in concrete pipe can 
be steel bar, steel wire or welded wire fabric, 
and must comply with AS/NZS 4761. Generally, 
reinforcing cages are produced on automated 
cage welding machines to ensure that tight 
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MANUFACTURING PROCESS
rotating roller. Whilst spinning at high 
speed the mould is filled with a very dry  
concrete mix which is compacted 
between the sides of the mould and a 
rotating roller. The pipe is trowelled for a 
smooth finish before being transferred to 
a steam chamber for curing. 

•	Centrifugal wet spinning (horizontal cast) 
– An empty steel mould with its rein-
forcing grid in place is placed on a spin-
ning machine which rotates the external 
mould at high speed. About half the 
concrete is placed in the mould while the 
mould rotates at filling speed. The mould 
is then vibrated as the rest of the con-
crete is placed into the mould. When the 
mould is full the spin speed increases. This 
compacts the concrete and forces excess 
water out. The pipe is then trowelled for 
a smooth finish before being transferred 
to a steam chamber for curing. 

•	Roller compacted (vertical cast) – A rein-
forcing grid is placed on a steel socket 
forming pallet inside an empty steel external 
mould. The mould is filled with a dry  

High quality precast concrete pipe is 
manufactured using purpose-built 
processes and equipment which are 

integrated under controlled conditions. This 
includes specific requirements such as:

- Precise placement of steel reinforcement, 
to meet strict cover tolerances. 

- Concrete being placed in steel forms and 
compacted under high pressures and 
vibration using mechanical (‘machine 
made’) processes. 

AS/NZS 4058 has tight provisions that 
must be met for all machine made concrete 
pipe, as well as wet cast concrete pipe. In 
Australia and New Zealand, concrete pipe 
is manufactured using a number of differ-
ent machine made processes, both horizon-
tally and vertically cast. Regardless of the 
process, all concrete pipe must meet the 
requirements of the performance criteria in 
the Standard. These processes include:

•	Roller suspension (horizontal cast) – An 
empty steel external mould with its 
reinforcing grid in place is suspended on a 
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Roller suspension

Centrifugal wet spinning

Roller compacted

-concrete mix and is compacted from the 
socket to the spigot using a bi-directional  
roller up the mould. The pipe is then 
removed from the external mould and 
held in a curing area for 12 to 18 hours 
before being removed from the socket 
forming pallet. 

•	Vibration compacted (vertical cast) – A 
reinforcing grid is placed on a steel sock-
et forming pallet inside an empty steel 
external mould. The mould is filled with 
a dry concrete mix and the inner core is 
vibrated to ensure solid compaction of the 
concrete. The pipe is then removed from 
the external mould and held in a curing 
area for up to 24 hours before being 
removed from the socket forming pallet. 

Despite the different processes used to 
produce concrete pipe, each is capable of 
producing precast concrete pipe that con-
forms to the requirements of AS/NZS 4058. 
To ensure this, manufacturers must have  
strict quality control procedures that are 
implemented to ensure that the whole pro-
cess is accounted for. 
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CURING,
           STRIPPING, 
                         HANDLING

Concrete pipe can be cured in the open air provided temperatures 
are high and constant. It is necessary under these conditions 
to maintain the pipe in a moist condition. Concrete pipe that 
is removed immediately from the form is generally placed in 
a temperature controlled room that promotes humidity and 
moisture through steam or mist. Combined with the elevated 
temperatures, this part of the curing process takes place over an 
18 to 24 hour period before pipes are able to be stored at the 
factory where they will naturally cure until the concrete is strong 
enough for the pipes to be tested.

The three essential factors to properly curing concrete are 
time, temperature and moisture. To maximise efficiency and still  
achieve the required strengths, an increase in temperature usually 
permits a shorter curing period. However, it is important to note 
that with concrete pipe, the time–temperature relationship is 
not the same for all mixtures, materials, and conditions and the 
optimum curing procedure is determined by the manufacturers’ 
experience. 

Following the casting process, concrete pipe is immediately 
required to be cured. In fact as soon as the concrete pipe is 
formed, the curing process begins.  As AS/NZS 4058 is a per-

formance-based Standard, there are no prescriptive requirements 
for curing. The manufacturer must prove that the concrete pipe 
is fit for purpose before being released. To emphasise this, the 
Standard notes that manufacturers must produce concrete with  
properties that provide a durability consistent with the water 
absorption limits specified in the Standard, and strengths that are 
appropriate for the nominated load class requirements. 

Like many types of precast concrete, the product is heated 
to accelerate the strength gain of the concrete, enabling one or 
more daily uses of the mould. This early curing treatment also 
serves as a first stage in achieving the strength and durability 
required for the product in service. Curing is optimised by control 
of the environment in which it is cured. This allows the rate of 
hydration of the cement to be controlled. 

Depending on the production method, concrete pipe is either 
cured while in the form or immediately following its removal 
from the form.

In the concrete pipe industry, low pressure steam is the curing 
method adopted by most manufacturers. In this process it is 
essential that the relative humidity surrounding the pipe be as 
near as possible to saturation. The principle of low pressure steam 
curing is that an accelerated rate of hydration produces concrete 
pipe of required strength in a shorter time than possible when 
curing at ambient temperatures. This also gives the manufacturer 
the opportunity to ‘strip’ the product from the mould at an early 
age and store it on the factory site where it will naturally cure 
until the concrete is strong enough for the pipes to be tested. 

FURTHER REAdINg: Curing of concrete pipe:  
 http://www.cpaa.asn.au/images/publications/technical_papers/cpaa_curing_of_concrete_pipe.pdf

 Optimum curing cycles for precast concrete:   
 http://www.cpaa.asn.au/images/publications/technical_papers/cpaa_optimum_curing_cycles.pdf 

Typical steam 
curing chamber

Concrete pipe being 
cured in a mist chamber
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Testing and Quality Control
product matches the requirements of the design.

For reinforced concrete pipe there are a variety of tests in place 
that must be completed before a pipe can be accepted, but the 
main acceptance tests for suitability are:

Other checks outlined in the Standard include:
•		Ultimate load – specific requirements outlined in AS/NZS 4058 but often tested until the pipe will support no greater load.
•		Steel reinforcement cover – routine test to check the depth of cover to steel in thin walled pipe (-0 mm tolerance).
•		Hydrostatic pressure – required for sewerage and pressure pipe applications to check water and air tightness in the pipe.
•		Joint assembly – type test to ensure the elastomeric seal jointed pipes are meeting the required joint specification.
•		Dimensional accuracy – type test to ensure that pipe is manufactured to the tolerances outlined in AS/NZS 4058 Cl 3.3. 
•		Workmanship and finish – routine check on each finished pipe to ensure it is acceptable as per AS/NZS 4058 Cl 3.4.2.2.

Regular testing in accordance with the requirements of 
AS/NZS 4058 is vital to demonstrate that finished concrete 
pipes comply with the Standard. For concrete pipe made 

to a performance-based Standard, testing is a critical component 
of the whole manufacturing process as it ensures that the final 

This is the primary performance test to prove that the 
concrete pipe produced is structurally adequate and will 
perform under the designed loads. 

Commonly known throughout the world as the three-
edge bearing test, it uses a machine designed to apply a 
force in a true vertical plane, parallel to the vertical centre-
line, and extending the full length of the specimen. The force 
is applied using the three-edge bearing method in which 
the test specimen is supported on two parallel longitudinal 
strips and the load applied through a top bearing beam.

The load is applied at a steady rate along the pipe length 
until the proof load is reached. Whilst this proof load is being 
maintained the pipe is inspected internally and externally for  
cracks. The maximum crack width (0.15 mm for 10 mm cover) 
is measured using a specialised feeler gauge, and then the 
proof load is removed. After the load has been completely 
removed any crack remaining is measured again.  

This is the primary performance test to assess the quality 
and durability of concrete pipe. A low absorption value is an 
indication of low permeability. In general terms low perme-
ability concrete will be more durable. 

The test measures the increase in weight of an oven dried 
test specimen, which is caused by the absorption of water 
under controlled and specified conditions. It is expressed as 
a percentage of the initial oven dry weight of the specimen, 
and in accordance with AS/NZS 4058, shall not exceed 6%.

The water absorption test is carried out on a concrete core 
sample taken from a pipe and therefore measures the prop-
erty of the actual product. This is in contrast to compression 
strength test cylinders, in which the test specimens are given 
special treatment. If the concrete is poorly compacted or 
cured during the pipe manufacturing process, the absorption 
test will reflect the inadequate treatment given. 

Proof load test (3-edge bearing test) Water absorPtion test

DID YOU KNOW
Traditional concrete tests such as slump tests and cylinder tests cannot be effectively applied to concrete mixes used in 
concrete pipe machines. Due to the very low water/cement ratio, the slump tests cannot be performed, and due to intense 
vibration of the moulds during concrete placement, the compaction achieved in the mould cannot be replicated in a cylinder.

Concrete pipe subjected to a proof load test Core sample being tested for water absorption
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Quality Management
It is important to note that, in addition to the requirements of 

AS/NZS 4058 Section 5, Sections 2 and 3 of the Standard require 
the manufacturer to demonstrate adequate systems of process  
control. Specifically it requires pipe manufacturers to have an 
auditable system that monitors and demonstrates compliance of:

a.  all raw materials (Clause 2.1)

b.  the manufacturing processes (Clause 3.1)

c.  the performance of the finished product (Clause 5.1)

Concrete pipe has a proven history of durability for over 100 
years in the region. This, combined with the experience of manu-
facturers and the rigorous processes required of them to produce 
pipe today, means that at the end the product is one that you can 
trust, and will give you the design and service life you need with 
confidence to set the standard for the next 100 years.

 

AS/NZS 4058:2007 requires manufacturers to demonstrate 
compliance with the performance requirements of the 
 Standard. This can be done by sampling and testing 

concrete pipe to the acceptance tests mentioned previously in 
accordance with the Standard. It also notes that if the manu-
facturer can demonstrate adequate systems of process control 
in accordance with selection and testing of raw materials, as 
well as manufacturing, handling and storing concrete pipe, the 
frequency of sampling and testing nominated in the manufacturer’s 
quality plan takes precedence.

This section (Section 5) of the Standard has been included as 
‘normative’ part of the Standard (i.e. must be followed), rather 
than as an informative and less compulsory Appendix of the 
document. Its purpose is to ensure that manufacturers have the 
necessary quality systems in place so that documented evidence 
can be provided to demonstrate that the performance require-
ments, outlined in Section 4 of the Standard, are being achieved. 

Accordingly, manufacturers are able to demonstrate compliance 
with the Standards by operating under a third party accredited 
ISO 9001 compliant Quality Management System (QMS) and  
Inspection and Test Plan. The approach to demonstrating comp-
liance with the various requirements of the Australian Standard is  
by undertaking sampling and testing under the auspices of the QMS. 

Concrete pipe ready to install 
for 100 years of service

DID YOU KNOW
CPAA members, as a condition of their CPAA

membership, must operate a third party accredited 
ISO 9001 compliant Quality Management System.
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    CASE STUDY: Stormwater Drainage – Kingscliff NSW

2250 DN pipe being lifted

The large diameter pipe ready to place Installation required innovation

Installing the pipeline was going to be 
a difficult process as it involved the re-
moval of sections of the existing road,  
dewatering, and reconnection of all 
services. Residents also needed to be 
able to gain access to their homes, which 
meant that only two pipes could be 
installed at any one time.

The project required considerable in-
novation due to the close proximity of 
the installation to homes, and the com-
plex requirements for dewatering and 
shoring. One such initiative saw the  
Council develop a unique frame and 
anchor system which allowed the large  
diameter pipes to be pulled together from 
inside the pipe. This meant that as well as 
reducing disruption to residents, joining 
of the pipes could be completed with the 
workers standing in the pipe rather than 
in the trench. This eliminated the need 
for workers to be in the pipe trench, 
greatly improving pipe installation safety.

The process of joining the pipes 
using this innovative method was highly 

successful, with the site supervisor 
commenting that the pipes joined so 
easily ‘they almost walked themselves 
home’. Not bad for a pipe weighing close 
to 8.5 tonnes!

Concrete pipe is the stormwater 
drainage material of choice 
because it is strong, durable and 

reliable. When it is manufactured to 
AS/NZS 4058, the community can be 
confident that the buried infrastructure 
will remain in place, providing a safe and 
healthy environment.

This was exemplified recently when 
large 2250 mm diameter Class 2 steel 
reinforced concrete pipes were used 
in Kingscliff, New South Wales. Tweed 
Shire Council was required to increase 
the stormwater drainage capacity in one 
of their suburban streets to cater for a 
1 in 100 year storm event. Whilst this 
may seem an everyday exercise for local 
council drainage engineers, the project 
was no ‘walk in the park’. The design 
team needed to improve the drainage for 
lower lying land that was further down 
the catchment from an existing housing 
estate that has no feasible overland flow  
path, without disrupting the current 
residents.
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Standards set the benchmark
Using industry defined standards 
provides confidence in the 
community that appropriate 
benchmarks have been met. As 
such, industry should demand that 
the benchmarks set by Standards 
Australia (SA) and Standards New 
Zealand (SNZ) be implemented in the design, manufacture and 
installation of concrete pipe, box culvert, and associated materials.

As active participants on the Standards committees for pipe (of all 
materials) and box culverts the CPAA and its members are proud 
of the contribution the Association has made to the construction 
industry. In fact, following recent changes to the structure of SA and 
the processes required to revise or introduce standards, the CPAA 
intends to further this contribution by providing more experienced 
personnel and resources to the development of these documents.

The CPAA is committed to the use of Australian and New Zealand 
Standards to produce quality concrete pipe. Designers of concrete 
pipeline systems can be confident knowing that by using the 
appropriate standard, the high quality specification that industry 
demands, has been met! 

From the vault
In late 2000 more than 1000 concrete pipes were used as culverts 
between Berri and Lyrup as part of the Gurra Road Project in South 
Australia. Nothing unusual in that except these pipes were 80 years 
old!! The pipes, produced in 1920, were originally used for the 
Loveday Irrigation System and after being replaced during upgrades, 
Berri Barmera Council assessed the pipes as still being fit to meet the 
requirements of a modern day construction process. 

The performance of these pipes is testament to the durability and 
sustainability of steel reinforced concrete pipe. Concrete pipe in 
Australia and New Zealand – over 100 years old and still going 
strong!

CPAA Member Companies

Locked bag 1590 St Leonards NSW 2011
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The Australian Standard for small reinforced concrete box 
culverts has been revised for the first time since 1974. 

AS1597.1-2010 “Precast reinforced concrete box culverts – 
small” has been released to the industry following a detailed 
development process. The document was completed under the 
new Australian Standards committee driven pathway providing 
a more efficient process by which to review and  finalise the 
standard. In addition to this the Concrete Pipe Association 
of Australasia worked with Standards Australia providing 
time, resources and personnel to assist with the process, and 
ultimately, the release of an up to date specification to benefit 
the construction industry in Australia.

The new standard includes many additions not previously 
found in the 1974 version, along with a number of changes 
to the old code. The most significant changes that have been 
included in the new Standard are:

Materials used for small box culvert manufacture are now •	
referenced to the current material Standards.

Performance test loads have increased and are based on •	
AS5100 design loads.

The sampling scheme for routine testing now includes •	
alternative acceptance criteria based on numbers 
produced.

The four culvert types currently manufactured in Australia, •	
including link slabs, are now covered by the Standard.

Durability requirements have been updated to align with •	
AS5100 and to reflect current design requirements. 
This includes:

o  Specification of durable concrete materials 
(e.g. aggregate durability, restriction on chemical 
content, use of blended cement)

o  Exposure classifications, concrete strength and cover to 
reinforcement

o  Minimum curing requirements for various methods 
(e.g. time, maturity, concrete strength)

An Installation section which details the requirements for •	
excavation geometry, foundation preparation, placement 
of precast units, compaction, backfilling, and construction 
loads.

With the introduction of any new Standard a reasonable 
period of time is required to phase out previous manufacture 
and specification methods, CPAA members will be working 

diligently to update quality processes and manufacturing 
requirements to comply with the new version of AS1597.1. It 
is expected that specifiers and contractors throughout Australia 
will also amend current practice to comply with the latest 
requirements outlined in the Standard. 

Standards Australia are now reviewing the large box culvert 
standard AS1597.2-1997 and expect to see the revised 
version of this document available in the early stages of 2011.

The latest version of AS1597.1-2010 “Precast reinforced concrete
box culverts – small” will be available through SAI Global
www.saiglobal.com.

AS1597.1 – It’S OUt!

Top: Precast steel reinforced small box culverts
Above: Installing small box culverts on site

Above: Loveday pipes being transported to site, Top: 1920 Loveday pipes in place as culverts in the year 2000

Pipeline systems design course
Drainage infrastructure is important. If it goes wrong, it can be costly 
and damaging to the community. Concrete pipe drainage systems 
require an in depth knowledge of the appropriate standards to ensure 
the most efficient design, and subsequently, the right class of pipe, is 
used. Cement Concrete Services (CCS) offer Australia’s ONLY full day 
design course on concrete pipeline systems, focusing on how best to 
use AS/NZS4058 and AS/NZS3725, and what design criteria is 
needed to accomplish your objectives.

Dates and venues for the 2010 courses are found below. Don’t miss 
out as these are the only concrete pipeline design courses to be held 
in 2010. Contact Joanne at info@cementandconcrete.com to register 
your interest or to book a place on the course!

Brisbane – 19th August, Mercure Hotel, Brisbane

Sydney – 26th August, Grand Stamford Hotel, North Ryde

Perth – 13th September, Comfort Inn, Wentworth Plaza

Melbourne – 30th September, Hotel Grand Chancellor

Concrete Pipe Association of Australasia
admin@cpaa.asn.au  www.cpaa.asn.au

CPAA MeMbers

Concrete Pipe
Factory Tours

PipeClass Tip

CPAA Honour Roll

Have you ever seen concrete pipe being made? 
Ever wondered how they do a load test? The 
CPAA members in Australia and New Zealand 

have factories located across both countries where 
they manufacture a wide range of concrete pipe and 
precast products.

CPAA would be happy to arrange factory tours 
through any of these plants for designers, specifiers, 
supervisors, contractors, or university student groups. 
It’s a great opportunity to see why concrete pipe is so 
unique to other precast concrete methods, and the 
detail that goes in to producing this durable material.

PipeClass is primarily used to determine the 
pipe design resulting from the long-term 
loads expected on the pipe. The controlling 

loads are a specific combination of selected loads 
which result in maximum loading on the pipe.

Once the controlling loads are calculated, the minimum test load 
is determined as per Section 10 of AS/NZS 3725. This is because the 
external load carrying capacity of an installed pipe is determined 
on the basis of the performance of sample pipes under a load test.

When the test load is determined the actual class of pipe is 
chosen from Table 4.2 of AS/NZS 4058 for that particular diam-
eter. This is then tested in accordance with the methods outlined in 
AS/NZS 4058 for proof load testing. All of this is done simply using 
PipeClass and the class of pipe is always shown under Pipe Design 
on the In-Service Loads page.

Daniel Dhiacou is the latest winner of the Concrete Pipe Association of 
Australasia prize at UTS for the highest aggregate mark in the subject 
Water Supply and Wastewater Engineering in 2012.

Daniel joins all our other award winners for the year as worthy recipients 
of the CPAA prize. Congratulations to you all!

Daniel Dhiacou, University of Technology, Sydney, Water and 
Wastewater Engineering

Timothy Hensel, University of South Australia, Civil Engineering Design Project

Aleksander Stojanovski, University of Wollongong, Hydraulics and Hydrology

Matthew Chong, University of WA, Hydraulics II

CPAA Executive Director, 
David Millar, congratulates 
Daniel Dhiacou (UTS)


