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ABSTRACT

Footpaths and Cycleways are an important feature of many people’s daily lives; walking your 
children to school, getting exercise, or just going for a walk around the neighbourhood.  
Footpaths are intended to create a safe environment for any activity that utilises this 
infrastructure.  A lot of planning and forethought goes into ensuring this happens; appropriate 
lighting, trees for shade, signage, and most importantly, the pavement design and construction 
of the concrete surface that you walk, run or cycle on. This paper outlines best practice design 
and construction methods and will address some of the following questions: 

 Why is my footpath cracking?

 Why are the joints moving, causing trip hazards?

 What is causing all those cracks?

 How can I factor sustainability into the design/construction? 
How can all this be avoided? With a few simple design detail updates and establishing clear 
and open lines of communication with your construction teams, we can all make a huge 
improvement on the quality and safety of our community’s footpaths and cycleways. This in 
turn, significantly reduces the cost and effort consumed in the repair, maintenance, or 
replacement of our pathway networks.
Topics of discussion:

 Concrete Mix Design
 Path Thickness and Dowels
 Joint Design

o Expansion
o Construction
o Weakened Plane
o Articulating, and 
o Isolation 

 Joint Layout
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o Spacing
o Utilities
o Trees (root-heave)
o Panel Ratio (L:W) etc

 Restraint Cracking
 Corrosion
 Sustainability

Construction Methods (Best-Practice)
 Ordering Concrete (slump and adding water)
 Formwork/Stripping
 Expansion Joints - proprietary systems
 Dowel Installation
 Reinforcing - steel mesh or synthetic fibres
 Concrete Placement and Consolidation
 Finishing and Weakened Plane Joints
 Tips and Tricks

Keywords: Footpath, cycleway, bike path, bicycle, pedestrian, trip hazards, joint, joints, 
construction, expansion, weakened plane, saw cut, street, neighbourhood, walking, council, 
design, standard drawing details, dowel, environmental sustainability.

1.0 INTRODUCTION

Footpaths and cycleways are an important feature of many people’s daily lives and are intended to 
create a safe environment for any activity that utilises this infrastructure.  A lot of planning and 
forethought goes into ensuring this happens, in particular with the pavement design and construction of 
the concrete surface that you walk, run or cycle on. However, often there are a number of issues that 
can arise in this area such as concrete cracking (and trying to understand why this has occurred), joint 
movement and the impacts of this, and in more modern times, sustainability, and how this can be 
addressed.  

Designers, specifiers and contractors can avoid a number of these issues by following a few simple 
design and construction requirements that can all make a huge improvement on the quality and safety 
of our community’s footpaths and cycleways. This in turn significantly reduces the cost and effort 
consumed in the repair, maintenance, or replacement of our pathway networks.

2.0 DESIGN

2.1 Concrete

The typical mix design for a light-duty footpath is 25 or 32 MPa (N25/N32).  “N” stands for “normal 
class” concrete.  You get-what-you-get; when designing and specifying footpaths, consider specifying 
a specific or “special class” concrete.  This will give you an opportunity to outline the “fines” content, 
any admixtures and anything else that will result in better, higher-performing concrete.  A better option 
might be to contact your preferred concrete supplier for their advice (they have done this a few times).  
Lastly, avoid specifying 80mm slump concrete.  Most concreters do not like working with this slump 
of concrete, and ultimately, they may add water to the concrete truck to increase the slump and improve 
workability (though in most cases it is not allowed).  As a result, this may lead to lower performing 
concrete.

2.2 Path Thickness and Dowels 



What thickness should you design your paths to take the expected loading?  Footpaths are typically 
designed for pedestrian foot traffic and the occasional lawn mower or light vehicle.  For these loads and 
any other environmental conditions, consider a 100mm path thickness.  Secondly, shared paths are 
typically around 3 meters wide and are designed for pedestrian, bicycle and the occasional utility vehicle 
or ride-on lawn mower.  In this case, consider a path thickness of 125mm.  Lastly, for paths that are 
designed to allow heavy vehicles to cross their path (rubbish and delivery trucks, etc.), consider 
specifying a designated area/length of path at a path thickness of 150mm.  Further, it is always a good 
idea to delineate or mark the path at these thicker sections to indicate where the vehicles should cross 
the path.  When referring to joints in light-duty paths, the concrete thickness and load transfer dowels 
are acting as a composite element (two parts acting as one).  The concrete and dowel work together to 
transfer the load across the joint (stop those pesky tripping hazards).  

Now let’s discuss dowels at your joints. “What dowel type, size, spacing, and length should you 
specify?”   While there are many factors that influence this, the basic considerations are: 

 Type: steel or Glass Fibre Reinforced Polymer (GFRP); round, square or plate; sleeve or bond 
breaker; expansion allowance or not.  

 Size: thinner/smaller dowels for thinner slabs and increase the size as the slab thickens.  
Remember, the concrete and dowel work together, you need the concrete above and below the 
dowel to resist the loads.  Large dowels in thin paths, reduce the amount of concrete doing the 
work (concrete shear cone capacity).  

 Spacing: the spacing of dowels determines how many dowels are carrying the load along the 
joint.  Thin paths can have dowels close together, around 300mm C/C, and as the path gets 
thicker, the dowel spacing should increase.  Technically, this is because the load can transfer 
further along the joint line as the concrete thickness increases (radius of relative stiffness).  

 Length: How long should a dowel be to effectively transfer load across your joints?  Only a 
certain length of a dowel is effective in creating load transfer capacity (concrete shear cone).  
At some point, the dowel is too long and no longer adding load carrying capacity.  The diameter 
or size of the dowel (rigidity) determines the effective embedment length into the panel.   I will 
leave you with one consideration or suggestion, don’t specify dowels that are “too” long.  You 
could be adding cost to the project, with little, or no additional benefits.   Now that you have 
specified your dowel, make sure you add a note or detail that ensures “proper” alignment.  Mis-
aligned dowels will lock up your joints and lead to potential stress cracks.

2.3 Concrete Reinforcement 

Steel reinforcing mesh vs synthetic fibre (macro and/or micro).  I will leave this consideration up to the 
designer.  However, it is a good option to allow for either solution in your design, especially when your 
project is within a corrosive environment.   If you want to explore the features, benefits and design 
capabilities of synthetic fibres, speak to the manufacturers of these products. 

2.4 Joints 

Expansion Joints are a control joint that allow for thermal movement (expansion) in concrete paths.  
Best-practice expansion joints create an expansion void (5 – 10mm wide) and are spaced at around 12m 
(consider overall micro-strain shrinkage and subsequent thermal expansion movements).  Expansion 
Joints should always have some form of load transfer capability.  This load transfer should only come 
in the form of a dowel (steel or GFRP).  Without dowels, expansion joints are free to move in any 
direction.  The only thing supporting the joint, is the ground, and we know this is not always the most 
dependable support.  

Dowel spacing, size, and type should be designed based on application and loading.  Dowels should 
always have a sleeve or some form of bond breaker to allow for free movement of the joint (please, not 
grease).  And equally as important, the dowels in an expansion joint need to have allowance for 
movement into an expansion void (void in the back of the sleeve or with an expansion cap placed on 



the end of the bond breaker side of the dowel).

Specification Note: Place expansion joints full width (form to form, no gap between the formwork and 
expansion void former) and full depth (concrete should not be able to flow under the void former).  Any 
concrete on the sides or under the expansion joint will hinder the joint from performing as required.

Construction Joints are a control joint typically specified as a pour break or stop (typically at the end of 
the concrete placement).  Construction joints can be formed with timber formwork or a proprietary joint 
system.  Load transfer dowels should always be specified to reduce any differential movement at the 
joint. Construction joints can be either, a formed control joint or at the position of an expansion joint.

Weakened Plan Joints are a control joint that allow for the release of the shrinkage and restraint stresses 
that occur in concrete paths (they tell the concrete where to crack).  The concrete path is weakened by 
means of a trowelled groove, saw cut, or proprietary surface crack inducer profile.  Weakened plane 
joints should be designed between the expansion joints, spaced at a distance apart equal to the width of 
the path.  This will create square panels in your path.  Why does this work?  Concrete likes squares, it’s 
crack behaviours create squares.  If you are walking down a path where the expansion or weakened 
plane joints create a rectangle panel (approx. a 2:1 ratio (L:W)), there will most likely be an uncontrolled 
crack exactly in the middle of that panel.  Design/specify your weakened plan joints at a 1:1 ratio (L:W) 
for best results. The next point to consider, is timing, “When do you create the weakened plane?”.  The 
answer is, as early as possible, and to a depth no less than one quarter of the slab depth.  If specifying a 
trowelled joint, timing is not an issue, but depth of the joint the trowel forms, is important, and if not 
deep enough, may not initiate a crack.  Clearly specify the required depth.  

When specifying a saw cut joint, timing is critical.  What is best practice?   This is a difficult question 
to answer, as there are so many factors that contribute to when concrete needs to be cut – temperature, 
weather, sun, wind, humidity, season, concrete mix, etc.  Instead, I pose a different question, when is 
too long?  Between 24 and 48 hours is too long. The concrete has started to shrink and set, and stress 
cracks are already forming wherever they want (uncontrolled).  Here are a few timings to consider; 4-6 
hours (early entry saw cut on the day), 8-12 hours (it is dark), 16 hours (maybe), 24 hours (this is very 
typical, but is it a little too late?).  You will need to find a happy medium on this one, but, as early as 
possible, and no later than 24 hours.  

The next consideration is saw cut depth.  This one is easy to specify (1/4 slab depth (min)), but I will 
discuss this further when we get to the construction portion of this paper.  

Finally, if specifying a proprietary surface crack inducer profile, it will be installed “early” into the 
plastic concrete and can create a weakened plane to the specified depth (specify product with sufficient 
height), set and forget.  We can’t leave the weakened plane joint topic, without speaking about load 
transfer across the joint.  Typically, weakened plan joints rely on aggregate interlock for load transfer.  
Is this the best solution for load transfer?  No.  Does it work?  Yes.  The joint opening width is the 
determining factor when it comes to how much load transfer you will have across the joint.  And the 
joint spacing determines the joint width (concrete shrinkage).  The shorter the joint spacing, the smaller 
the joint opening, the more load transfer capacity.  This goes back to your 1:1 joint spacing ratio; 
keeping your joints at the ideal spacing (small joint opening and square panels).  

The next question to ask is, “Does reinforcing (steel mesh or macro-synthetic fibres) continuing across 
the joint increase load transfer capacity?”  I will answer this simply; it may hold the joint together a 
little more, than without it, but neither option is considered a load transfer mechanism, and should not 
be relied upon to increase the load transfer capability of the joint (as the joint/crack opens the load 
transfer capacity reduces and leaves the joint susceptible to differential deflection).  The best solution 
is to specify a load transfer dowel at your weakened plane joints and then create the weakened plane as 
early as possible.

Hint: do not specify “specific” weakened plane depths (i.e. 25mm) on your standard details.  If the slab 
thickness varies from project to project (and you forget to change the drawing detail), your saw cut may 
not be deep enough to properly initiate a crack.  



Articulating Joints are a control joint that allow the joint to move up and down, while keeping the two 
panels aligned, or stopping differential deflection (tripping hazard).  The most typical cause of joint 
movement that requires an articulating joint is, tree root-heave (up, in this case).  We have all seen it 
and possibly tripped over the joint!  How do we mitigate this issue?  Get rid of the trees? No, we like 
and want trees in our neighbourhoods.  The solution is to specify a proprietary articulating joint system 
to develop a form of load transfer that allows for rotational or hinging movement at the joint without 
creating stress, as the joint moves up, or down.  Articulating Joints should be specified where trees exist 
and/or will be planted and spaced at a 1:1 L:W ratio, creating square panels.  Consider specifying these 
joints for footpaths adjacent to trees, a few metres past the future coverage area of the tree’s canopy.  
Consult with your local arborist for tree canopy growth size.  There are other solutions to stop/mitigate 
the growth of tree roots under footpaths, but I won’t be covering those in this paper.

Isolation Joints create a free movement joint between an existing structure and the path, in case of any 
ground heaving or settlement.  Other applications where isolation joints may be specified, are around 
columns or posts, to minimise any restraint or re-entrant corners, which (in some cases) may still lead 
to cracking. Often this cracking will still occur at these places, despite all your efforts.  In the next 
section, we will cover some joints designs/considerations that may mitigate these negative results.

Joint layout and strategic placement of joints is extremely important to the outcome of your design.  
Any of the above control joints will assist in getting to the best result.  Let’s start with utility boxes, 
right smack dab in the middle of your path.  Have you ever seen cracks propagating out from all four 
corners of these boxes?  Or have you ever had a box within centimetres of a joint and a crack has formed 
between that gap?  There are not very many, if any, situations where a joint should not be lined up with 
the utility boxes.  These can be lined up with the flat sides of the box and/or extend diagonally from the 
corners of the box.  These restraint and re-entrant corner stresses need to be given a controlled path to 
crack.  As mentioned above, any control joint (expansion, weakened plane or articulating) can be 
specified at these boxes and/or a combination of two.  What other things cause restraint and re-entrant 
corner stresses?  Here are a few; building corners, planter boxes, manholes, posts, columns, bolts 
holding down picnic tables, exercise equipment, corners of adjacent concrete panels, drains, etc.  The 
cracks that propagate from these item/structures are avoidable, with a little more detail and a few more 
joints. Consider developing a design detail drawing dedicated to these situations and specifying joint 
placements to mitigate these issues.  

Corrosion should always be considered when designing footpaths.  There are not very many footpaths 
that are not subject to corrosive effects.  What footpath element are we concerned about?  Both concrete 
and steel are subject to corrosion.  The surface of concrete will wear away over time and there may be 
some calcification effects that could hurt the concrete.  However, the element we are most concerned 
with, is the steel components in our paths; steel reinforcing, steel proprietary joint systems and steel 
dowels.  Rusting steel can expand and place stress on the concrete, leading to cracking and spalling 
and/or cause unsightly staining at the surface of the concrete.  Galvanizing will slow the corrosion, but 
in most cases, it will not eliminate it.  What can we do to mitigate these issues?  First, substituting steel 
reinforcing with synthetic fibres (macro and/or micro).  Secondly, substituting steel proprietary joint 
systems for a corrosion-free proprietary joint system.  And thirdly, substituting steel dowels for a 
corrosion-free dowel (stainless steel or GFRP).  

The last design consideration I would like to discuss, is acute angles.  It is almost impossible to avoid 
an acute angle when designing footpaths, but there may be a few ways to avoid the cracks that form 
because of them.  Why are acute angles bad?  They taper to a thin section of concrete that tend to crack 
or break off due to a load crossing over them and/or not having the strength to resist shrinkage stresses.  
There are a few things you can detail to mitigate these results.  Firstly, stop the acute angle before it 
gets to a point, creating a blunt end.  And secondly, detail a controlled joint just back from the point of 
the angle.  If it is going to crack, give it a helping hand. 



2.5 Sustainability

Arguably, one of the most important design elements that requires careful consideration, is 
sustainability. Is this space appropriate or suitable for the reduction of emissions?  What can you do to 
influence change and help meet your Environmental Sustainability targets? I don’t profess to be an 
expert on sustainability, but I will share a few key learnings for developing enduring and sustainable 
footpaths, bikeways or pavements: 

“Good design is your best defense”.  

If your asset lasts longer, requiring less ongoing remedial works or ultimately, full replacement due to 
failure - you will require less resources over the life of the asset, and, in turn, reduce CO2 emissions. 

“Using construction products and materials which support sustainability”. 

Is it daunting to try new processes and products? A resounding, yes. But let’s think about why this is 
the ideal space to be taking those “risks” or “opportunities”. Footpaths are a low-risk application, 
relative to other types of concrete infrastructure elements. Concrete footpaths are not suspended, nor 
are they supporting any critical assets – including people.  They are primarily used for light pedestrian 
traffic. Through good design, we have already mitigated the risk of tripping hazards, so let’s also 
consider the range of products and materials available to us that will reduce emissions. That list is long, 
but to name a few: eco concrete mix designs, recycled glass, recycled concrete/aggregate, recycled 
plastic bar chairs, recycled macro synthetic fibre reinforcement and recycled GFRP load transfer 
dowels.  Recycled is good, but some products can’t be made from recycled material and perform 
effectively. In this case, ensure that the product is recyclable or able to be reused. Thankfully, for most 
of these products, there are reputable suppliers or manufacturers that can help you navigate through the 
available options on the path to reducing your carbon footprint.  

“Reaching your Goals”.   

Everything above is good, but how is it all measured and/or reported?  How do you reach your targets? 
To reiterate, I am not an expert on sustainability, but will share some sage advice in how to measure 
your emission reductions.  Do the products/systems/solutions come with an EPD (Environmental 
Product Declaration) to allow you to enter it’s impact into a calculator or can you use your asset 
management system to track improvements (resource savings) associated with good design and 
environmental practices?  This whole process may be new or unfamiliar to you, and you don’t know 
where to start. An ideal place to start, is to reach out to industry associations and consultants focused 
on supporting best-practice methods, systems and tools to support your sustainability journey.

We all still have a lot to learn about sustainability, although with the smallest of steps, we can affect 
significant change.  

Utilisation of 
Eco Materials

Reporting

Longevity of 
Design



3.0 CONSTRUCTION

The construction process and methods used to build a footpath are just as important as the development 
of the design detail.  Clear communication between the designer and contractor is key to a successful, 
long lasting path.  The design must have all the information and detail required to give the contractor 
enough information to build the path, and the contractor needs to review and work to the details (this 
includes any sustainability improvements incorporated, as mentioned above).  Please be aware that 
incorporating sustainability into the design can significantly impact the construction process and 
methods required to complete the work.  Lastly, as part of your pre-construction meeting, ensure there 
are clear inspection hold points specified to be signed off prior to any concrete placements.  Build a 
strong relationship and quality program with your contractor.

The time has come to construct the path.  You have met with the contractor (pre-construction meeting) 
and have gone over all the details on the drawings, noting the few key details that you feel are the most 
important to the success of the project.  This will give the contractor time to put plans in place to 
implement the key points discussed. Do not bring them up, on the day of the pour – there should be no 
surprises.  

The ground is prepped and compacted.  Formwork is set. Formwork is the screed rail for setting the 
level of the concrete surface/slope.  One hint for a quality screed surface is to install the stakes just 
below the top of the formwork.  By doing this, there is nothing impeding the screed rod and it will 
promote a much more level and flat concrete surface (and will be much easier for the concrete crew to 
screed, and ultimately finish).  Now it is time to set up the expansion joints (pour-through and stop-
ends) and mark the weakened plane joint locations, as per the specified joint layout/spacing.  Ensure 
the weakened plane joint locations are clearly marked on the formwork and/or ground (this is especially 
important with steel mesh reinforced paths).  Place your expansion joints as per manufacturer’s 
instructions.  The top surface of the expansion joint system should be flush with the top of the concrete 
surface (formwork) and the expansion material should be full width and full depth of the concrete path.  
Ensure that no concrete can pass the expansion joint, to the sides or underneath.  This is an expansion 
joint, on hot days, the concrete path is going to expand and compress these joint voids (thermal 
expansion).  If there is any concrete impeding this movement, the concrete underneath may stop the 
movement and the concrete on the side of the joint may shear off, leaving an unsightly chuck of concrete 
missing from your path.  Once the expansion joints are set, place the dowels and sleeves (dowels should 
be aligned, radially perpendicular to the joint face) and secure (to remain aligned during concrete 
placement).  Now it is time to lay generic black poly sheeting (if specified), or as an alternative, and if 
water is available, wet the ground prior to concrete placement.  If steel mesh reinforcing is specified, 
place the mesh, ensuring specified concrete clear cover is maintained to the formwork, expansion joints, 
weakened plane joints and concrete surface.  Steel mesh reinforcing should be chaired with AS/NZS 
2425:2015 compliant bar chairs and at a max spacing of 600mm (AS 3727.1:2016).  Consider, what 
have you specified for your weakened plane joints?  Stop the mesh, cut every second bar, place a strip 
of mesh (galvanized?) at the joint, or install dowel cradles.  Ensure that this is completed at the marked 
locations.  It is now time to order the concrete (if you haven’t already done so).  

The concrete truck is arriving on site.  Are you placing out of the back of the truck (chute) or by pump?  
Test or have a look at the concrete.  Are you happy with the slump, as ordered/specified?  Review the 
batch ticket.  No water should be added to the truck/concrete, once it is on site.  If the concrete doesn’t 
meet your specification (within a tolerance), you can reject the load.  Note: if for some reason you allow 
water to be added to the concrete, it should be noted on the batch ticket and radioed back to the batch 
plant.  Are there concrete vibrators on-site to consolidate the concrete (this is one of those things to 
discuss in your pre-construction meeting)?  The most important locations for concrete consolidation are 
around the load transfer dowels, expansion joint capping, and along the formwork.  As the concrete 
starts getting placed, the vibrator should be following close behind. Place the vibrator wand vertically 
into the concrete and then withdraw it slower than inserted at a pre-determined grid pattern to allow for 
overlap of the affected concrete (do not drag the vibrator or leave it in the concrete for extended periods 
of time).  Ensure that there are enough vibrators to keep up with the concrete placement.  Screed the 



concrete “tight” to the top surface of the formwork, not leaving any concrete/laitance on top of the 
formwork.  When you get to the expansion joints, pour concrete evenly on both sides of the joint and 
your screed should perfectly scrape the concrete off the capping strip.  Note: do not leave any concrete 
laitance over the capping strips and consolidate the concrete around the dowels and capping.  If any 
voids or laitance are left around the capping, it will lead to spalling/cracking once the joint/path is put 
into service and/or when the joint opens (concrete shrinkage).  Also, be extremely careful not to 
misalign the dowels at your expansion joints.  Finish the concrete placement at your 
construction/expansion joint (brace/secure this joint effectively to resist the weight of concrete).  If you 
have specified a trowelled joint or proprietary surface crack inducer profile for your weakened plane 
joints, these have most likely already started to be installed.  I will not delve into the details of concrete 
finishing techniques; I will leave this up to the “artists” we call, concreters.  Before the crews leave for 
the day, some form of a curing method should be applied to all exposed surfaces of the concrete.  If the 
specified method of curing is curing compound, ensure that the volume of product per square meter is 
met and it is evenly applied with a “quality” sprayer.  The contractor may want to strip the formwork 
on the same day of the concrete placement.  If you want it to stay on through the curing period, bring 
this up in your pre-construction meeting.

If you have specified saw cutting as the method for weakened plane joints, firstly, ensure the timing is 
met, and secondly, ensure that the “full” cut depth is met.  Next, this may not be the designer’s 
responsibility, but it is important to ensure that measures are taken to mitigate the harsh effects of silica 
dust that can be created by saw cutting concrete (water suppression, masks, suction, equipment, etc.).  
Clean up the site, backfill, lay sod, and landscape.  If you have specified joint fillers/sealants at any of 
your joints, come back in a few weeks to complete this work.  Let the concrete shrink, set and joints 
open.  

4.0 CONCLUSION

With a few key design considerations and a strong construction team collaboration, your footpaths and 
cycleways should last longer, reduce the environmental impact and minimize ongoing risks and 
costs.  To reduce the number of hands raised and questions asked, it is recommended that following 
checklist be implemented for any concrete footpath or cycleway project to ensure best practice and to 
reduce the risk any issues arising before and after.

CHECKLIST:

Design:

 Concrete – Special Class
 Slump – greater than 80mm?
 Concrete Thickness
 Dowels
 Concrete Reinforcement
 Joints

o Expansion – 12m
o Construction
o Weakened Plane – 1:1 ratio
o Articulating
o Isolation

 Joint Layout/Detailing – restraint cracking
 Corrosion
 Acute Angles
 Sustainable Design



Construction:

 Pre-construction meeting
 Sustainability

o Design Requirements
o Material Selection
o EPD’s (Environmental Product Declaration)

 Formwork Stakes
 Expansion Joints

o Full Depth/Full Width
o Capping flush with concrete surface

 Weakened Plane Joints
o Mark locations

 Protect the bottom surface of the concrete
o Generic Black Poly or Water

 Steel Mesh Reinforcing
o Concrete Clear Cover
o Bar Chair Spacing

 Prep your weakened plane joints
 Concrete Placing Method

o Chute
o Pump

 Test Concrete
o Slump
o Do not add water

 Vibrator
 Place and screed concrete
 Expansion Joints

o Screed to the capping – not laitance
o Consolidate concrete 
o Do not misalign dowels

 Weakened Plane Joints
o Wet set options

 Curing
o Coverage
o Application

 Saw cutting
o Timing
o Depth
o PPE

 Silica Dust
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