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A Comparison Study on Flexible and Rigid Pavements

[bookmark: _Toc536039125]1.0 Introduction
This research proposal will contain the comparisons of flexible and rigid pavements, methods on how they are produced, defects and advantages and disadvantages of both. The paper will be targeted to people who are learning about pavement designs and engineers who plan on doing this.
Road networks are a countries main source for transporting people and goods, without roads to transport items and people the world would be a lot harder to get by. These long term investments are not just as simple as they seem, they need to be planned carefully because if the pavement is not designed correctly and rushed through construction, defects can arise and it can even collapse. There are numerous types of pavement structures but they change for different environments and act for a comfortable, safe and economical movement of vehicles but to achieve this then it must meet the following requirements for pavement structures, these are:
· “It is sufficiently resistant to the impact of moving load and to provide load transfer on the placenta and the ground basis (subsoil)” (Gf.uns.ac.rs, 2017)
· “It is usable for traffic in all weather conditions” (Gf.uns.ac.rs, 2017)
· “The pavement surface characteristics, especially evenness and roughness, provide a comfortable and safe driving” (Gf.uns.ac.rs, 2017)
· “To ensure the designed service life (or estimated number of passages of standard axle), with easy maintenance and reasonable cost” (Gf.uns.ac.rs, 2017)
In the design stage of pavements that are aimed for flow of heavy vehicles, there’s the big question of picking between two types of pavements, these are flexible and rigid pavements. Flexible pavements consist of bituminous products and is named this because the entire pavement has the elastic deflection under load. Rigid pavements are made from Portland cement based materials and transfer the load over a large area, in rigid pavements lower deformations and compression stresses can occur
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       (Overlays.acpa.org, 2013)
[bookmark: _Toc536039126]2.0 Flexible Pavement Design
This type of pavement are made normally with asphalt and reflect the deformation of subgrade and the subsequent layers to the surface, no reinforcements that let limited flow of the roadbed under the ground changes are laid with it. The main purpose of this pavement surface is to distribute loads to the lower layer which transfers stress through contact points of the granular structure and the distribution of the loads depend on the characteristics of the component layers. When constructed it’s made in a number of layers but the layer on top has to have the same strength as the highest compressive stress so the lower layer can take a lesser magnitude of stress.

[bookmark: _Toc536039127]2.1 Layers in Flexible Pavements
Capping Layers - Used to strengthen resistance of the subgrade, there is no need for this layer if the subgrade is strong enough. 
Sub Base – Gives protection for the capping layer or sub grade from damage from the plant used on the site and weather, this material is usually natural occurring material, this must be compacted in sub layers and not more than 250mm.
Road Base – this layer is the main load distributor, it has to be well compacted and use formed from well graded aggregates, thickness depends on the load to distribute.

[bookmark: _Toc536039128]2.2 Flexible Pavement Construction
Materials used for capping and sub base graded and dozed with the grader, compaction techniques are used to construct it, for a good compaction the thickness must be 150mm or less (several layers are added if the layer is bigger than 150mm) also a roller is needed in this process. A paving machine is used to lay the bitumen bound materials, if not then it’s done by hand in small areas that the machine can’t reach. This machine works by laying even thickness of the material in strips about 2.5m to 3m in width, it lays the material at the correct temperature which is a work temperature of 95 to 190°C and tamps it ready for compaction by the roller. The trucks that deliver the material place it in the hopper and its then taken by a conveyor top the spreading augers, augers spread the material across the required width and it is tamped to make it an even surface and this is done by a screed board and vibrotamper, when this is in process the contractor must make sure that this is not put to a halt and that the supply of the material is at the correct temperature. It is important that the rolling is done correctly as the surface finish needs to be a good quality finish, a machine that can be used for the rolling process is a 8 – 10 tonne dead weight roller, these machines can allow rolling to take place at high temperatures and it pushes the material into its compacted position but the edges do not compact well, a good machine for the edges would be a tandem vibratory.
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(Google.com, n.d.)

[bookmark: _Toc536039129]2.3 Flexible Pavement Pros and Cons

	Advantages
	Disadvantages

	Low completion costs
	Maintenance costs are high

	There are no thermal stresses
	Low life span (10 years)

	^ Why there’s no expansion joints needed
	Damaged by oils and some chemicals 

	Resistance to the formation of ice glaze
	

	Easy to be opened and patched
	

	Can be used within 24 hours 
	



[bookmark: _Toc536039130]3.0 Rigid Pavement Design
Developed mostly by slabs, rigid pavements have the characteristics of rigidity, and that they can distribute loads over a wider area of subgrade soil, meaning the lower layer needs to support smaller stress. The stress transmitted is reduced as these pavements are not developed in so many layers. Rigid pavements mainly consist of concrete slabs and the thickness changes depending on the loads to be supported.

[bookmark: _Toc536039131]3.1 Rigid Pavement Construction
The machine used for this method is a paver, concrete is poured and then moulded using this. At the pavement edges, the fixed pavers need side formwork and this is not to be removed for several hours after the concrete is placed, when this has been accomplished they are replaced by slip form pavers and this is when a carpet of concrete is placed without the need for side forms, but when doing this you need a much stiffer mix as the concrete needs to maintain its shape without no side support. If the finish layer is concrete then the concrete must be textured so it will improve skid resistance, to do this you can do it by using a mechanical wire brush. 
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(Dot.state.oh.us, n.d.)


[bookmark: _Toc536039132]3.2 Rigid Contraction and Expansion Joints
As the temperature drops contraction joints allow the slab to shorten and at the joint there’s a crack inducer, this helps it to break at this point in case cracking takes place. Whenever the slabs are reinforced the joint will be in the area of the reinforcement, then reinforcement is continued but the spacing of the joints depend on the reinforcement, these are:
· Unreinforced Slabs – If the slabs are thicker than 230mm the contraction joints should be every 5m but if the slabs are under 230mm thick then it should be every 4m
· Reinforced Slabs – The slabs have a standard distance of every 25m
As the temperature increases from the temperature it was casted at then the expansion joints allow the slabs to expand, this would come into play when the temperatures change from day to night.

[bookmark: _Toc536039133]3.3 Rigid Pavement Pros and Cons
	Advantages
	Disadvantages 

	Low repairing costs
	Completion costs are high

	Long term life span (50 years)
	Vulnerable to thermal stress

	Surface can be laid on sub grade
	^ Why expansion joints are needed 

	Doesn’t get damaged from oils and greases 
	Rough riding quality

	Strong edges
	Cannot be used until 14 days










[bookmark: _Toc536039134]4.0 Comparing Characteristics between Flexible and Rigid Pavements

[bookmark: _Toc536039135] 4.1 Deformation in the Sub Grade
In flexible pavements, deformation in the sub grade is transferred to the upper layers, whereas in rigid pavements the deformation in the sub grade is not transferred to the subsequent layers.
[bookmark: _Toc536039136]4.2 Design
The design for flexible pavements is based on the loading distribution, having low flexural strength and that the load is transferred by grain to grain contact, but rigid pavements are based on high flexural strength and have no grain to grain load transfer.
[bookmark: _Toc536039137]4.3 Strength of the Road
Flexible pavements depend on the strength of the sub grade and rolling to the surface is needed but rigid pavements depend less on the strength of the sub grade and no rolling is needed for the surface.

[bookmark: _Toc536039138]4.4 Pavement Defects
When it comes to pavements there are a lot of different ways the appearance of the pavement can change, but can occur from all sorts of factors, these are, poor sub grade drainage, thermal and moisture movement, heavy traffic, thickness of asphalt not thick enough and so on, these can all cause failure to the pavement and the supporting layers.
[bookmark: _Toc536039139]5.0 Types of Defects
· Alligator Cracking – When longitudinal cracks start to interconnect to form a series of small polygons that look like alligator skin, this can be caused from poor drainage, sub grade failure or poor mix design. This can be treated by using a seal coat with the correct material before any water can penetrate the top layer and lead to alligator cracking.
· Longitudinal Cracking – Parallel to the centre of the line a longitudinal crack follows it and are caused mostly by traffic loading or natural causes.
· Transverse Cracking – Perpendicular to the roads centre line a transverse crack runs along, these are caused from cracks in underlying pavement layers, the hardening of the asphalt and the surface shrinking due to low temperature.
· Sags and Humps – Sags and humps are drops and elevated areas in the pavement that are caused from settlement, pavement shoving and displacement due to subgrade swelling.
· Ravelling and Pitting – This is when there is a dislodgment or loss of the surface aggregate particles, when the compaction process is done poorly ravelling and pitting can happen, another cause can be that there was not enough asphalt in the mix or overheating the mix while under manufacture.
· Edge Ravelling – When kerbs or paved shoulders aren’t added in the design of the roads the pavement edges break leading to edge ravelling.

[bookmark: _Toc536039140]5.1 Patching
Flexible pavements do need patching at some point during its life, the method used to repair it is used on different defects, and these must be performed according to the resource availability and to keep it as smooth as possible.

[bookmark: _Toc536039141] 5.2 Method 1 - Overlay 
If the pavement area is small enough to be repaired then overlay patching is the method to use, this is done by hand. This is done much quicker than other methods but the downside is that the durability can be affected. This is done in the following order.
1. Cutting out the patch edges vertically with a pavement saw
2. Remove the defective pavement and material
3. Excavate the defective sub grade material
4. Level and compact the base material
5. Place asphalt to the vertical edges
6. Replace the pavement
[bookmark: _Toc536039142]5.3 Method 2 – Patching With Base Repairs
These repairs are permanent to the pavement, when removing the surface material it may be needed to remove some of the subgrade material so that it can eliminate all the defects in the area. These edges are cut out vertically in straight lines to give it a compaction line later, this is done in the following order.
1. Clean the old road surface
2. Uniform thickness by spraying binder
3. Use mechanical spreader to apply chippings
4. Immediately start to roll 
5. Any excess chippings should be removed with the sweeper 

[bookmark: _Toc536039143]6.0 Conclusion 
To conclude flexible pavements differ to rigid pavements in terms of the load distribution and layers under the surface layer play a more important role in flexible pavements. It is also very important to analyse the pavement design and construction as you need to consider the terrain it’s going to be placed, weather conditions, traffic loads and operating conditions. 
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