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ABSTRACT  

 

Concrete roads have been a feature of New Zealand historically, but new concrete 
pavements are not common.   Generally the capital cost prohibits significant 
investment.    However, there are situations where the more common bituminous 
materials are not providing robust pavements.    In such cases, a whole of life 
analysis of maintenance requirements can yield a positive net present value for a 
concrete pavement option in particularly demanding situations. 

  

The Peanut Roundabout in Napier is one such example.   This section of State 
Highway 50 which carries most of the fully laden trucks bound for the Port of Napier 
has a history of surfacing distress due to the tight curvature and high volumes of 
heavy vehicle traffic.    About 5,000 vehicles per day use the roundabout, including 
some 20% of heavy vehicles.    The roundabout is actually an oval with the radius in 
the tight section selected for the concrete pavement as low as about 15 metres.   
Shearing of surfacing and pavement layers causing scabbing and rutting have been 
an ongoing maintenance problem with regular replacement of the asphalt 
pavement programmed to maintain serviceability. 

  

To overcome these issues, a 40 m section of high curvature was designed and 
constructed in fibre-reinforced concrete in May 2006.     

 

This paper reports on the phases and successful outcome of this innovative project, 
including design and materials selection, construction process and evaluation of the 
extent of performance following completion, including texture, ride, cracking, ravelling 
and behaviour of designed joints. 
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1 PREAMBLE 
Possibly the biggest challenge facing asset managers at present is the surfacing 
treatment selection process. Traffic stress continues to increase rendering many 
traditional chip sealing options either inappropriate or uneconomic. Surface friction 
and texture standards result in many surfacings reaching the end of their effective 
service life far sooner than expected and add significant complexity to the selection 
of bound asphalt alternatives. And finally, increasing pressure to satisfy 
environmental objectives further constrains options based on noise generation 
characteristics. 

As a result of these competing demands the cost of providing appropriate treatments, 
particularly in high stress locations, is escalating significantly possibly opening the 
door to alternatives previously uneconomic. 

In smaller centres further complexities include: 

·  The availability of high-tech asphaltic mixes generally requiring sophisticated 
plant and specialised expertise. It is difficult to justify establishment where the 
throughput is low. 

·  Lower traffic volumes making it difficult to generate the benefits necessary to 
justify expensive solutions, and 

·  In some cases a lower geometric standard increasing significantly traffic 
stress and thus increasing : 

o the need for a high standard of surface friction, and 
o the rate of loss of surface friction through polishing effects. 

In Hawke’s Bay significant problems have been experienced over recent years 
providing adequate surfacings on a number of sites with extreme geometric 
characteristics. Typically: 

·  Curves with radii less than 100 metres 
·  Frequently also on steep gradients 
·  Low traffic volumes (around 2000 AADT) 
·  But with a reasonable HCV component (typically 10-14% including a high 

proportion of B-train and logging trucks) 
·  Moderate accident rates – but insufficient to justify the high cost of 

realignment in the mountainous, constrained terrain. 
·  High demand for surface friction 
·  Many classical surfacing treatments have been trailed. Many associated with 

very short lives with catastrophic structural failure occurring before surfacing 
characteristics (surface friction, texture etc) are compromised. For example: 

o Shallow shearing and horizontal force tension cracking of structural 
asphalt mixes. These are simply torn apart. 

o Corrugation of chip sealed flexible pavements. 
Preliminary net present value analysis suggests that concrete pavements applied 
selectively to the lengths affected by extreme demand would provide the most cost 
effective whole of life solution. For the economic analysis the do minimum option is 
based on the replacement cycles for the conventional treatments that we have been 
experiencing on these sites. The concrete pavement option based on structural 
replacement not being required within the 25 year analysis period, but resurfacing for 
texture and skid resistance required every 4 to 6 years. 

 

However, trial work in a convenient location was required to confirm assumptions 
about construction capability, constraints and complexities. In particular, issues 
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associated with application in remote rural locations where rapid curing is required. 
We also needed to understand what could be achieved with surfacing characteristics 
(texture, skid resistance etc) with fast curing mixes. 

2 INTRODUCTION 
 

Concrete roads have a place in the history of New Zealand:  many wide local roads 
were constructed of these.   The sedate travel of the 1950s along Ponsonby Road in 
Auckland in a vehicle of low-damped suspension was punctuated by a regular bump 
as the joints were traversed.    

With the passage of time, failures occurred at the joints of concrete pavements, and 
in addition, thin surfaced chipseal proved a more economical option.  Thin asphaltic 
concrete surfacing came to be applied where chipseal experienced stresses through 
turning movements.  The motorway construction era of the 1960s and 1970s 
employed structural asphalt in several areas. 

Concrete pavements remain the province of some heavily loaded industrial pavement 
sites within New Zealand, but the initial cost on the public road network has favoured 
bitumen-bound materials. 

Although the vehicle operating cost on the stiffer concrete pavement is an economic 
advantage, there have remained concerns about achieving an adequate level of 
macrotexture and also skid resistance.  These concerns are appropriate on roads 
where speeds are higher and emergency deceleration high. 

There are many sections of the State Highway Network in which sharp corners, 
especially at grade, fail from high turning stresses.   The causes for the failures are 
well known with repair work done at regular intervals.   Short sections of concrete 
pavements through these high stress areas can provide a long term solution with 
minimal maintenance. 

 

In the Hawke’s Bay, there are several areas in which these situations occur both 
within Napier and on SH2 between Napier and Wairoa, and on SH5 between Napier 
and Taupo.   Such areas commonly occur also in mountainous areas in the region.    

Seeking a solution to avoid failures and subsequent repair work at these types of 
sites, Transit New Zealand has initiated a programme of construction of short 
sections of concrete road.  Working as a team, the Client, Consultant and Contractor 
have selected several sites in Hawke’s Bay and have worked together to construct 
the first of these sections as a trial site.   

The Peanut Roundabout in Napier is one such example. It is on the State Highway 
carrying all of the heavy traffic to the Port of Napier. The AADT at this site is about 
5000 comprising about 20% heavy vehicles. Located on an elongated or stretched 
roundabout with the position selected for the trail having a radius of approximately 15 
metres.  The average life of the previous asphalt pavements is typically 3 to 4 years. 

The team was to focus particularly on minimising the time before trafficking and 
maximising the texture characteristics.  Aggregates were to be selected to maximise 
life before polishing but texture and polishing characteristics were not absolute 
constraints because periodic resurfacing is accepted as an ongoing maintenance 
need. Post construction monitoring would establish the long term needs. Overall, the 
trial was to be carried out keeping the construction methodology as simple as 
possible. 
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The brief for the trial suggested that the application needed to be treated as a 
maintenance operation with laying techniques selected to achieve normal 
basecourse tolerances.   

3 DESIGN  
The brief for the project was relatively straight forward:   To design and construct a 
concrete pavement for the selected site to provide a sound, rigid pavement using 
concrete and to provide adequate skid resistance for the speed and traffic 
environment.  In addition, the construction of the road had to be done in the shortest 
possible time with minimal delays to the travelling public. 

Depending on the site, there are two ways in which the pavement can be 
constructed: 

·   to have a stabilised subbase with concrete on top or  

·   to have the concrete directly laid on the subgrade.   

Site conditions and constructability factors are usually the dominating factors.  The 
second option is preferred as it has the shortest construction period.   

For these types of projects, constructability has to be incorporated into the design 
process.  Often the sites are remote, traffic management can be complex and 
pavement failure can be a result of factors other than shearing of surfacing and 
pavement layers.  Through mountain passes tight corners can be in continuous 
shadow in which the pavements are saturated for long periods of time – causing 
complexities for the construction. 

The trial site, the “Peanut” Roundabout is situated in Napier.  It is an elongated 
roundabout bisected longitudinally by a railway line.  Apart from local traffic, it serves 
as a transport link for freight to the Port of Napier so it has a high percentage of 
heavy loads.  The road has been surfaced with Asphaltic Concrete several times and 
the surface had failed due to the continuous turning of heavy traffic.   

The design of the road was undertaken by Works Infrastructure.  A major part of the 
design was to be able to give a concrete road trafficable within seven days from start 
to finish.  Consequently, the design was aimed at being as easy as possible to 
construct, with minimal work being undertaken after the concrete was laid. 

Trial pits undertaken showed that the underlying pavement materials were suitable to 
be recycled and the subgrade structure was reasonably sound.  A traffic 
management study also showed that a short term deviation of traffic was viable.   

The option of a stabilised subbase with a fibre reinforced concrete slab was 
employed. 

 

4 CONCRETE 
The design of the road called for a concrete compressive strength of 30mPa.  Due to 
the short construction period it was specified that the concrete reach this target 
strength in 48 hours.  The traditional rounded aggregates used in Hawke’s Bay were 
replaced with mixed grades of sealing chip with sand to produce sufficient paste for 
the desired broom finish.  Crushed aggregates were chosen to assist in providing a 
long term wearing course solution.  A superplasticiser was added at site for 
workability. 

The amount of sand added was kept to a minimum so as not to produce too much 
cement paste at the surface,  which would not give the required surface finish. 
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Mix design trials were done to fine tune the mix to ensure that the concrete was 
workable and that the desired surface finish was achievable, this proved to be 
important with the addition of plastic fibre reinforcement. 

4.1 Fibre reinforcing 

Two types of fibre reinforcing were used.   

·  A polypropylene fibre to reduce plastic shrinkage cracking as the fast setting mix 
would have a high shrinkage and  

·  A structural synthetic fibre to increase the flexural strength of the concrete. 

4.2 Joints 

Much effort has been put into the design of joints on concrete roads over the years 
as they often are the cause of failure.  Poorly designed and constructed joints can 
lead to differential settlement which causes the familiar bumps which concrete roads 
are remembered for.  To overcome, this dowelled joints at 200 mm centres were 
employed at regular intervals transversely along the road at about 5 metre spacing to 
suit the road geometry.  Traditionally, dowelled joints consist of round steel bars 
either sleeved or greased at one end to allow for movement.  They work well at 
formed construction joints where they can be installed straight and parallel to each 
other.  Because the road was constructed as a continuous pour, a dowel “ladder” 
system was used (LESA).  This consists of a flat bar sleeved which allows for both 
longitudinal and transverse movement, held together as a ladder.  They can be 
installed progressively during the pour.  Saw cuts were then done over the dowels.   
This was done within 24 hours after the pour. 

At the ends of the pour the concrete was poured directly up to the cut edges.  No 
local thickenings or slab anchors were employed. 

4.3 Surface finish 

The surface finish of the road was specified to be a very coarse broom finish to 
provide as much macro texture as possible.  This was achieved using a stiff nylon 
brush.  Finishing of trial mixes, during the development phase, showed that a stiff mix 
hard to work produced an unsatisfactory finish due to not having enough workable 
cement paste at the surface.  The mix was therefore adjusted to produce just enough 
paste to provide the coarse texture required.  

5 CONSTRUCTION 
5.1 Concrete placement 

 

The concrete was screeded by hand.  With a more uniform geometry, the use of a 
mechanised vibrating beam screed is preferred.   The concrete was brought in at 60 
mm to 80mm slump and was superplastised to around 110mm to achieve the desired 
workability.   With the concrete being unreinforced the trucks could drive onto the site 
and discharge straight to the area.  This is beneficial when the sites are congested 
especially when one lane is constructed at a time.    

5.2 Curing 

A curing compound was used, with particular care taken to ensure that the 
compound used was compatible with the line marking paint used. 
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5.3 Surface finish 

Timing was critical for the finishing as the mix set quickly.   The concrete was only 
bull-floated: no power trowels were used to avoid excess paste being brought to the 
surface and to avoid the “supermarket floor” finish.  Some of the wider areas proved 
more difficult to provide the deep brooming required due to the long reach required, 
but repeated brooming gave the required finish.   

 

 
 

 Figure 1:  Concreting of Road 

5.4 Construction Programme 

The following construction sequence was achieved: 

 

·  Day 1:  Existing pavement removed and stockpiled, subgrade prepared and proof 
rolled. 

·  Day 2:  Stockpiled pavement stabilised and surface prepared for concrete. 

·  Day 2:  Road concreted and cured. 

·  Day 2:  Joints saw cut  

·  Day 5:  Line marking and road opened once adequate concrete strength 
confirmed. 
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6 OUTCOMES 
6.1 Performance over 5 months 

The pavement has performed well during the five months since construction.  No 
cracking is visible and no differential settlement is evident.  Some wearing of the 
surface has occurred in the running path which is to be expected.   The photograph 
below shows the completed road. 

  

 
 

 Figure 2:  Completed concrete road 

6.2 Texture Maintenance 

It is expected that during the lifetime of any concrete road, the surface finish will 
deteriorate, also rubber build-up will occur from turning tyres.  In time, the surface 
texture will smooth out to undesirable limits.  There are two alternatives to maintain 
the surface to provide the required surface texture:  One is to epoxy Calcium Bauxite 
onto the surface.  This is done in several places around New Zealand.  The other is 
to scabble the surface to expose the aggregate under the surface to provide a new 
wearing course.   

This application of chip sealing aggregates in the concrete will permit the second 
approach to be undertaken when and if needed.  Several technologies exist to 
scabble the surface in a uniform manner so as not to case any surface deviations. 

6.3 Future Projects 

The next concrete road for a high stress application is planned to be a tight corner on 
State Highway 5, approximately half way between Napier and Taupo.  The corner 
goes through approximately 135 degrees with a tight radius.  The road is resurfaced 
approximately every two years with a three coat chip seal.  As the State Highway can 
not be closed, the road is to be constructed one lane at a time.  Further mix design 
trials to increase workability and to achieve a coarser surface texture will be 
undertaken by trialling different types of texture application.  If suitable, the depth of 
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concrete will be increased to pour directly onto the subgrade.  This should take 2 to 3 
days off the construction period. 

7 CONCLUSION 
The use of concrete roads is a practical way of providing a long term durable solution 
for roads that are highly stressed.  The trial site constructed in Napier has 
demonstrated that the required outcomes can be achieved in terms of providing a 
sound pavement structure, adequate surface texture, and constructability during a 
short time period. 
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