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Traditionally concrete pipe is associated 
with culvert selection for stormwater 
drainage in Australia and New Zealand. 

However, it should be remembered that con-
crete box culverts also play an important part 
in drainage design. 

Steel reinforced concrete box culverts are 
so called because of their shape, and are 
mostly available as “crown units” (an inverted 
U shape on a concrete foundation base) or 
as an “invert” (a U shaped trough with a 
concrete lid). In many instances a link slab is 
also required to connect multiple units, with 
a wider base slab also needed. 

In Australia, two Standards for box culverts 
exist, these being AS 1597.1 – 2010 “Precast 
reinforced concrete box culverts – small”, and  

AS 1597.2 – 1996 “Precast reinforced concrete 
box culverts – large”. They are generally 
classified by their size and load class in 
accordance to the Standards. For example, a 
culvert that has a 900 mm span and 600 mm 
leg, which is used under 2 metres of fill under 
a road, would be identified as 900X600/2-A. 

Box culverts are most suitable for applica-
tions where:
• instant bridging is required
• limited fill height is found (i.e. depth of fill

from the top of the culvert to the finished
surface level)

• non hydraulic applications dictate such as
pedestrian subways, livestock and fauna
crossings, and industrial requirements
The major benefits that a box culvert can

provide when compared to concrete pipe 
include wider flows when the head of water 
is limited or restricted, immediate bridging 
capability when placed, and placement in 
difficult site conditions where excavation is 
compromised.

In Australia small box culverts are cate- 
gorised as units not exceeding a span of 1200 
mm and a height of 1200 mm. Table 2.5 of 
AS 1597.1 – 2010 nominates the preferred 
internal dimensions for small box culverts in 
Australia, including span and height. Specifi-
ers should consider this table when designing 
for small box culvert units as manufacturers 
are amending their procedures to align with 
these nominated dimensions. The list of trun-
cated nominated dimensions can be found 
amongst a number of important changes 
to AS 1597.1 in the CPAA Technical Note 
“Update - small box culverts & AS 1597.1” at 
www.cpaa.asn.au. 

Large box culverts are classified as units 
with spans greater than 1200 mm and up 

to 4200 mm, and heights greater than 1200 
mm and up to 4200 mm. Table 2.3 (A) of AS 
1597.2 – 1996 nominates the internal dimen-
sions for large box culverts, also including 
height and span. This table, and a number of 
other sections of the Standard, is subject to 
review as AS 1597.2 is currently being revised 
by Australian Standards. 

The members of the CPAA all manufacture 
reinforced concrete box culverts and have an 
extensive history in the design and production 
of these products.  Manufacturers in Australia 
will design typical box culverts to AS1597.1 
and AS1597.2 as well as to other require-
ments such as government road authority  
specifications. They can also design and 
manufacture concrete box culverts to suit 
conditions that are not considered typical 
such as aggressive soil environments, non-
standard design loads, and construction 
vehicle and equipment loadings.

Over the last 6 months natural disasters have 
hit many parts of Australia and New Zealand.  
Whether it be due to the earthquake in Christ- 
church, the cyclone in North Queensland, bushfires 
near Perth, or the incredible floods that ravaged 
towns in Queensland, NSW and Victoria, many 
people have had their lives turned upside. The 
CPAA extends its deepest sympathy to those 
who have been affected by these natural disasters, 
with many of our CPAA members experiencing 
the damage first hand due to their presence in 
the affected areas. The CPAA and its members 
are available to provide experience, knowledge 
and support, to ensure that drainage and infra-
structure is repaired or rebuilt in these areas to 
help get the communities back on their feet. 
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Update – small box cUlverts & as 1597.1
The Australian Standard AS1597.1-2010 “Precast reinforced concrete box culverts – small” was revised in 
2010 for the first time since 1974. The Concrete Pipe Association of Australasia worked alongside Australian 
Standards to assist with the ultimate release of an up to date specification to benefit the construction industry 
in Australia.

The revision of the Standard means that there are a number of significant changes and additions that will affect 
manufacturers, designers, specifiers and contractors. This Technical Note will outline the significant sections of 
the document that will impact industry and alert specifiers and contractors of changes related to manufactured 
product.

1. The previous version of AS1597.1 was released in 1974. The 2010 version standardises the
following practices that currently take place and new requirements for the manufacture and design 
of small box culverts:

• It states that culverts manufactured in accordance with the Standard can expect to achieve a design life in 
excess of 100 years.

• The maximum height of fill for a culvert under a road is 2m and under a railway is 5m.
• Materials used for small box culvert manufacture are now referenced to the current material Standards. 
• A table of truncated preferred internal dimensions for small box culverts is provided. CPAA manufacturers 

will be looking to align their production in line with the new Standard (see Table 2.5 from AS 1597.1 below).

table 2.5
PREFERRED INTERNAL DIMENSIONS – CULVERT UNITS

NOTES: 
1: The size class is designated as ‘the nominal span’ × ‘the nominal height’ in millimetres, for example ‘450 × 300’.
2: Other size culverts may be made to a specific order.
3: Actual size should be checked with manufacturers.
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300 × 225 300 225
450 × 300 450 300
600 × 300 600 300
600 × 450 600 450
900 × 300 900 300
900 × 600 900 600
1200 × 300 1200 300
1200 × 600 1200 600 
1200 × 900 1200 900

1200 × 1200 1200 1200

Size class Nominal span (mm) Nominal height (mm)
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Curing of ConCrete PiPe
per day per mould. This cycle has become 
standardised throughout the industry 
in Australia for prestressed work and 
applied elsewhere. However the sole aim 
of the investigation was to achieve the 
highest strength in the available time. 
There was no separate investigation of 
effects on durability, nor any implication 
that the cycle was ideal if shorter periods 
of time were available, for example if a 
mould was to be used twice in the same 
day. A later investigation has shown no 
effect on durability properties from much 
shorter periods of “stand down” before 
the temperature is increased.

While concrete as made will in nearly 
all instances contain enough water to 
fully hydrate the cement, not all of this 
is actually available for the curing proc-
ess. Most practical curing methods do 
not involve making extra water available 
and optimum curing techniques depend 
on retaining water already present. The 
CSIRO work, reported in 1992, found 
that:

•	 surface quality achieved with 7 days of 
“sealed” curing was generally equiv-
alent to about 3 days of standard 
curing;

•	 little or no benefit arose for using 
water-retaining 

 techniques 
 beyond 
 7 days;

•	 steam curing (one day cycle) gave an 
ex-steam quality equivalent to 3 days 
of standard curing, similar to that 
achieved with water-retaining tech-
niques;

•	 moist curing following the steam cycle, 
for 6 days or 27 days, gave virtually no 
change in sorptivity values.

It was also found, in another investiga-
tion that typical outdoor exposure of high 
strength concrete would result within 
a year in surface quality equivalent to 7 
days of standard curing, independent of 
the initial curing treatment.

There is no justification for mandatory 
stand-down times before steaming, rates 
of temperature rise or concrete maturity. 
Where the product has a specified mini-
mum strength grade of at least 50 MPa 
the durability design can be based on the 
quality which concrete of that grade will 
achieve with 7 days of standard curing. 
Actual curing of the product will take 
place in the factory and during the early 
period of service, and the specification 
will be tailored so the 7 days equivalent 
is achieved by contributions from both 
phases.

To see more technical papers and  
reports on concrete pipe, go to the CPAA 
web site www.cpaa.asn.au and see the          
                                full library available.

A Technical Report prepared for the 
CPAA by Dr Norwood Harrison,  
Technical Support Manager, 

Humes and Mr Tom Howie, Manager 
Engineering Products, Humes.

The most comprehensive investigations 
of concrete curing, including aspects of 
both strength and durability, were carried 
out by CSIRO through the 1980s & 90s, 
with results published in 1992 and 1997. 
While differences in binder composition 
have been found to influence the dura-
bility of concretes of the same strength 
grade, it remains generally (though 
not universally) true and accepted that 
strength and durability achieved by differ-
ent curing treatments are co-related.

Concrete pipes, cured in the mould, 
are generally given a brief thermal cycle 
to achieve “stripping strength” and then 
stored on the factory site until the con-
crete is strong enough for the pipes to 
pass the prescribed load test and to be 
transported and installed. Manufactur-
ers have carried out extensive investiga-
tions to determine the most economical 
curing parameters which will enable the 
required strength to be achieved, most 
recently with the advent of admixtures to 
assess where a worthwhile gain can be 
made through the use of these relatively 
new materials. Most pipe in Australia is 
manufactured to processes retaining the 
essentials of an invention dating from 
1910 and the track record shows that all 
aspects including curing result in an ex-
tremely durable product.

With the advent of prestressing in 
the 1950s, early strength gain became 
a critical aspect to the manufacture of 
prestressed, precast concrete products.  
In the late 1960s, working with the 
industry group, CSIRO of that time 
systematically investigated the effects of 
different parameters, in particular the 
stand-down time, rate of temperature 
rise, and time at maximum temperature 
on the strength which could be achieved 
in a short enough time to allow one cast 

 

 




 

 

 




















































 


 

 


 


















Curing of concrete pipe – a brief 
abstract 
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requirements and tight time frames required 
by the client, Brisbane City Council, were met. 
The client also achieved significant cost savings 
as a result of the design input.

A number of innovative manufacturing 
techniques were developed to meet the chal-
lenges created by the box culvert design. A 
high-turnover concrete delivery process was 
implemented to ensure rapid cycle times, and 

slabs to be installed as stormwater culverts, 
as well as more than 200 precast headwalls. 
All the box culvert units were designed and 
manufactured taking into account the require-
ments of the Australian Standard AS 1597.2, 
as well using engineering “know how” and 
expertise to deliver any special material or 
quality requirements.

The project also included a high proportion 

Knowledge, experience, and expertise 
in the design and manufacture of pre-
cast box culverts from a CPAA member 

were crucial to the requirements for one of 
the largest infrastructure projects ever under-
taken in Queensland. The construction of the 
Clem Jones Tunnel in Brisbane has linked the 
suburbs of Bowen Hills and Woolloongabba 
thanks to the 6.8 kilometre tunnel under the 
Brisbane River.

Using the benchmark Australian Standards 
for concrete box culverts, AS 1597.1 and AS 
1597.2, along with the experience shown in 
the design and manufacture, meant that the 
weight of the average precast box culvert used 
was reduced, yet robustness and constructa-
bility increased. Meanwhile, manufacturing 
innovations ensured that the stringent quality 

In what is considered the largest road con-
struction project in Adelaide since the 
1960s, the 23 km Northern Expressway, 

estimated to cost $564 million, will link the 
Gawler Bypass with Port Wakefield Road.  The 
expressway is a joint initiative of the South 
Australian and Australian governments, and 
includes a four-lane expressway, five inter-
changes, several bridges and a high-speed 
flyover interchange at Port Wakefield Road. 

The four-lane freeway, expected to carry 
37,000 trucks and cars a day by the end of 
2011 is designed to boost freight links from 
the Sturt Highway to Port Adelaide. A CPAA 
member supplied the contractors with hun-
dreds of steel reinforced concrete box culverts 
(3000 mm span x 2400 mm height) and link 

a new electronically controlled steam system 
was incorporated into the concrete curing 
process. The new system also provided de-
tailed temperature data for each culvert and 
enabled more accurate monitoring of the 
concrete temperature. The commitment to 
quality, combined with these manufacturing 
innovations, ensured the client’s strict quality 
standards were met.

of specifically designed railway culverts. The 
1200 mm span x 600 mm high small box cul-
verts, designed and manufactured in accord-
ance to AS 1597.1, and taking into account 
typical railway loads as outlined in AS 5100, 
allowed the units to carry significant rail traffic 
with no fill or minimum cover. These culverts 
are being installed under an existing rail line to 
improve stormwater management.
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    CASE STUDY: Culverts for Tunnel Project

    CASE STUDY: Culverts for Road Project

Project:  Clem Jones Tunnel (CLEM7),  
 Brisbane

Client: Brisbane City Council

Product  Over 3500 steel reinforced
Supplied: concrete box culverts

Project:  Northern Expressway,
 South Australia

Client: SA DTEI

Contractor: Fulton Hogan York
 Joint Venture

Product  Steel reinforced concrete box
Supplied: culverts, link slabs & headwalls

Large box culverts in place in Adelaide

Culverts in place in the tunnel
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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
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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

What’s new at
www.cpaa.asn.au 

100 year design life 
– made to last

Concrete Pipeline 
Design Courses

The CPAA web site has a lot of concrete pipe related technical 
information available to download free of charge. Expert detail 
on design, durability, testing, hydraulics, and installation, can all 

be found at www.cpaa.asn.au 
Some recent additions to the technical catalogue include:

“Installation of small Ø pipe under roadway” – a Technical Note 
that outlines why small Ø concrete pipe is sometimes damaged under 
construction load, how AS/NZS 3725 can be used to prevent this, 
and what simple on site tests can be conducted to ensure the 
specification is being carried out correctly.

“AS 1597.1 – 2010: Updates – small box culverts” – the recent-
ly released small box culvert standard is significantly different to its 
predecessor from 1974. This Technical Note outlines the important 
changes that will impact design, installation, and manufacture of 
these units in Australia. 

We’ve also updated some CPAA publications in recent times  
including:

“A rational approach to hydraulic design” – An Engineering 
Guideline concerned primarily with the selection of the appropriate 
roughness coefficients for the calculation of pipeline capacity and the 
consequent selection of pipe diameter. An extremely important docu- 
ment for designers of pipeline 
systems.

There so much more at 
www.cpaa.asn.au. You can 
also contact the CPAA with 
any queries or comments at 
technical@cpaa.asn.au. 

Want to specify a pipeline system that will stand the test of 
time! The CPAA PipeClass design software makes specifi-
cation for 100 year design life achievable with the push of 

a button. 
The free to download program is speci-

fically aligned to AS/NZS 3725 and AS/
NZS 4058 design requirements to select 
the most appropriate class of concrete 
pipe for your project. The program also 
includes an option that allows designers 
to check the effect of short term loading 
due to construction traffic on the selected 
pipe. This feature can save large amounts 
of time and money to ensure that the pipe 
isn’t compromised due to overloading 
before it is put into service.

Go to www.cpaa.asn.au and download 
your copy of PipeClass today. 

Run by Cement Concrete Services, and supported by the 
Concrete Pipe Association of Australasia. The dates and 
venues for 2011 are:

Sydney: Tuesday 23 August 2011
Brisbane: Tuesday 4 October 2011
Melbourne: Thursday 13 October 2011
Perth: Monday 7 November 2011

This is the only full day design course on concrete pipeline de-
sign in accordance with the Australian Standards, AS/NZS4058 
and AS/NZS3725. Don’t miss out on the opportunity to further 
your design expertise and provide pipeline systems that will last 
100 years. Book now at www.cpaa.asn.au

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

CPAA MeMbers

baCkgRouNd
Steel reinforced concrete flexural members are 

typically designed on the basis of cracking in the 

concrete tensile zone, enabling the reinforcing 

steel to carry the tensile stress. With steel 

reinforced concrete pipe, flexural stresses are 

developed at the top and bottom inside surfaces 

and on the outside surface at the sides as a result 

of external vertical earth loads. In the load tests 

described in the Australian and New Zealand 

concrete pipe Standards AS/NZS 4058, the 

cracking characteristic is used as a criterion for 

non-destructive quality control testing. Pipes are 

designed to withstand a specified proof load 

without developing a crack wider than a specified 

figure - in New Zealand 0.125 mm, in Australia 

most commonly 0.15 mm for 10 mm minimum 

concrete cover to steel.
The AS/NZS 4058 test at proof load adopts 

procedures from previous Australian Standards 

for concrete pipe, which in turn follow American 

(ASTM) practice developed in the 1930s for a 

limiting crack width of 0.01 inch (0.25 mm) with 

1 inch (25 mm) of concrete cover. This particular 

crack width was arbitrarily proposed by Professor 

W J Schlick of Iowa State University “because 

a leaf gauge of that dimension was readily 

available” (Ref. 1).
The design crack widths of 0.15 mm and 

0.125 mm in AS/NZS 4058 is set for the 

purpose of industry standardisation, and while 

experience has shown that cracks up to this width 

have no significant effect on the performance of 

an installed pipeline, the design width does not 

necessarily represent a limit from the aspect of 

either structural adequacy or protection of the 

steel reinforcement. However where cracking 

occurs to an extent which has not been envisaged 

in the design, it becomes necessary to consider 

whether repairs to cracks are required and, if so, 

what form they should take. Such considerations 

can often be complex, depending on the type of 

pipeline application (whether drainage, sewerage 

or pressure) and the consequence on serviceability 

of the pipeline as opposed to the mere visible 

presence of the cracks which in themselves may 

be not harmful. For example, any crack passing 

through the pipe wall will be a concern with 

pressure or sewer pipe, on account of leakage, 

but not necessarily with a drainage line. In a moist 

environment fine cracks will heal (Ref. 2), and 

where the pipeline must eventually be watertight 

it may be desirable to allow a period for this to 

take place, rather than embark immediately on 

replacement or repairs.
Apart from hydraulic considerations the basis 

for concern can generally be divided into two 

categories — structural overload due to excessive 

loads acting on the pipe from the surrounding soil, 

and the possibility of gradual strength loss due to 

corrosion of the reinforcement.

STRuCTuRal aSSESSMENTIn a cracked pipe, the steel reinforcement confers 

flexibility on the pipe and allows a redistribution 

of stress both inside the pipe wall and to the 

surrounding earth.
The following points serve as a guide for structural 

assessment.
1. Multiple longitudinal cracks, particularly in 

the top quarter of the pipe, indicate effective 

transfer of stress from the concrete to the steel 

and so are of less concern than a single, wide 

longitudinal crack.
2. Visible longitudinal cracking will be more severe 

at the top and invert inside the pipe than on the 

The Facts about Cracking in Steel Reinforced Concrete Pipe

Cracks in concrete pipe under external load. Feeler 

gauge is used to test crack width

ENGINEERING GUIDELINE

Concrete Pipe Associationof Australasia

The Facts AboutCracking in 
Steel Reinforced Concrete Pipes
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A Rational Approach to 
the Hydraulic Design of 
Pipe Conduits 
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