Pervious concrete comparing to traditional concrete

CHAPTER 1

Introduction

Background to Research Problem
Once it has been established that a car park or driveway is required, it is then very important to ensure the client assesses which material of surfacing is required. The client needs to prioritise what is most important to them regarding time, cost, and availability and how sustainable the material may be. Majority of contractors within the UK construction industry will use traditional concrete with regular drainage systems unaware that pervious concrete is available (Offenburg 2008). Therefore, it is important to examine and perform a comparison between traditional and pervious concrete regarding cost, availability, durability, maintenance and sustainability.

Pervious concrete is fairly easy to define; "it is concrete that allows water to flow through it. Where traditional concrete is a very solid material, pervious concrete leaves void spaces throughout, allowing water to flow through it."

Pervious concrete has a low water to cement ratio and contains none, or very little sand. It typically has a void content of 15% to 25% creating a structure resembling a Rice Krispies® treat, allowing as much as eight gallons of water per square foot to pass through per minute (McMillan 2007). This type of concrete is traditionally used in driveways, car parks, greenhouses, pedestrian walkways and roads with light traffic. However, it can also be utilised for a variety of different paving projects.

Pervious concrete has been around for approximately 20 years but has only recently started to expand further into the market due to the material meeting Environmental Protection Agency (EPA) storm water regulations. The increase in demand for pervious concrete used on projects has increased extensively in the US within the last three to four years, which during the last year has caught on here in the UK construction industry. The reason as to why the material has caught the eye of the UK construction industry may be due to the tremendous potential the material has had on scaling back the negative impact that traditional concrete has had on the environment, by eliminating storm water runoff, removing pollutants and even recycling the storm water captured. However, many developers fail to see beyond costs of impervious implementations and therefore adoption has been slow.

Traditional concrete has been around for decades and has been the most popular type of concrete used in the UK, however a reform was needed as traditional concrete has many negative impacts such its negative effect on the climate and its ineffective drainage issues. Pervious concrete can be used in most situations as an alternative to traditional concrete. (Buller 2006). However the there are many issues which

The core purpose of this research report aims to identify how pervious concrete compares to traditional concrete in relation to costs, availability, durability, maintenance and sustainability in the UK.
Strategic Aim
To conduct a survey to investigate how the pervious concrete has impacted the UK construction industry and how it compares to the already established traditional concrete in terms of cost, availability, durability, maintenance and sustainability.
Tactical Objectives
1. To determine if pervious concrete is just as strong and durable as traditional concrete.

2. To analyse the costs involved in producing and constructing both materials.

3. To examine the available certified skilled contractors who are available to lay the products.

4. To critically analyse future outcomes of the pervious product and see if it measures up to traditional concrete in the long run in aspects of durability, maintenance and overall long term savings

5. To evaluate the sustainable properties between pervious and traditional concrete.
Research Hypothesis
The use of pervious concrete over the world has been on the increase over the past few years. While pervious concrete has become more and more popular, there are still many questions to be answered regarding the application of it before it becomes a widely accepted material.

This dissertation will now go on with a critical review of the literature to investigate the real differences between pervious and traditional concrete. The methodology which has been used and the reasoning behind this will follow in a chapter. The final chapter of the dissertation will draw a conclusion from in depth information and results gathered subsequently recommendations will be made.
CHAPTER 2

Literature Review

Critical Review
This section of the dissertation will look at the literature relating to pervious concrete and traditional concrete. It will review both materials in terms of terms of cost, availability, durability, maintenance and sustainability in the UK. Finally, this section seeks to understand if pervious concrete is just as good as traditional concrete and understand the subsequent attainments and problems with both materials.

There has been a lot written on traditional concrete worldwide as it's such a popular material however pervious concrete has little information available in the UK and most information is based from the USA where pervious concrete has been tried and tested and put into use.

Concrete plays an essential part in civil engineering with most structures using it in one way or the other. Its evolution dates back to the Roman Empire as it was widely used in most Roman structures, thereby moving from stone and brick construction. However, since then the face of construction has radically changed with buildings built over tens of floors regularly and tunnels built underwater using pre-cast concrete. Hence, the array of construction materials available, including concrete, have evolved significantly since and improved.

Concrete plays a very important role in the UK economy. It contributes to almost 10% of the overall economic growth and employs a significant amount of labour. According to Sustainable Concrete (2010), the UK exported 535,000 tonnes of ready-mixed concrete, which was worth £9million to the economy.

Traditional concrete is the most basic form of concrete and is very easily available for consumers. According to Popovics, S. (1992, pp. 1), concrete is composed of three to four basic ingredients. These include:

* Hydraulic cement, otherwise known as Portland cement

* Mineral aggregates

* Water

* Admixtures

Hydraulic cement is one of the key constituents to forming concrete and greatly impacts the strength of the resulting mixture. Schwartz (1993, pp. 91) states "ratio of Portland cement in concrete directly affects the strength and cost of the concrete. The more cement in a mix, the stronger and more expensive it is".

Mineral aggregates typically consist of gravelled stones or stone-like solids. The purpose of aggregates is to significantly reduce the required content of cement, the costliest component within concrete. Additionally, it helps a constructor minimise the creep, or deformation caused over a long time, caused by the resulting mixture. Popovics, S. (1992, pp. 275) state that aggregates occupies roughly three-fourths of the total concrete volume.

By adding water to this mix, the loose mixture of cement and mineral aggregates gel into a thicker and more solid mix. Schwartz (1993, pp. 91) states "water/cement ratios may go from high-strength concrete, to 8.5 to 1 for a low-strength mix". By adding too little of the water, one can risk making the concrete too weak. Thus, based on the concrete's usage and cost constraints the mixture of the underlying constituents can be varied.

It is possible to engineer the mixture's property based on its intended use by adding admixtures. Perkins (1997, pp. 22) defines admixtures as a chemical compound that is added in small proportion to the concrete mixture to produce a desired characteristic. The types of admixtures used are accelerators, set retarders and water reducers. For example, the purpose of accelerators is to increase the initial reaction between the cement and the water, whereas the set retarders do the exact reverse. According to Perkins (1997, pp. 22), UK is well behind Continental Europe, USA and other developed markets in terms of extent of usage of admixtures within concrete.

For decades, concrete has been one of the preferred construction materials owing to its excellent technical properties. One of its main traits is its high compressive strength due to which it is used in applications such as columns. However, its tensile strength is roughly one-tenths of its compressive strength. Thus, in order to improve its tensile strength it is reinforced with steel, which creates a strong bond with concrete.

When loaded over a long period, traditional concrete can prove to be susceptible failure and in some case even eventual failure. From a UK context, concrete's performance against cold and wet weather would be crucial. Pigeon et al (1995, pp 33) state that concrete can freeze in its saturated state and cause tensile stress within the material due to the formation of ice crystals in the pores of the concrete. However, if the concrete is not cured or reinforced effectively then it could cause its performance to weaken and, under worst cases, eventual failure.

Typically, the strength of concrete is measured by its compressive strength, which is its strongest feature. According to Abeles et al (2003, pp. 21), strength of concrete increases with age, with the rate of increase dependent on the quality of cement and aggregates used. The content and cost of the concrete can be varied depending on its application. Commercially, the strength of concrete is quoted based on its weight and the compressive strength it would attain after 28 days. For example, C20 concrete would stand for a normal weight concrete and a compressive strength of 20 N/mm2. NRMCA (2003) quote that concrete's compressive strength can be varied from 2500 psi, or 17 Mpa, for residential concrete to 4000 psi, or 28 Mpa, upwards for commercial structures. The variation in strength is primarily due to water-cement ratio, admixtures and curing process among others.

Availability of concrete for commercial purposes typically depends on the constituents and the location of the building works. For example, admixtures work best when introduced immediately after the wetting of the cement and might require the mixing to be done on-site rather than in a factory. Additionally, the location of quarries and sourcing of materials (Contract Journal, 2008) is crucial in understanding availability and the distribution pipeline. Most UK concrete companies are fully capable of sourcing all components of concrete themselves. For example, Brett Group, one of UK's leading construction groups, provides customers with a wide range of options from type of aggregates to the type of job.

However, it is even more dependent on its usage. For use in residential repairs, it is usually procured from local stores by components and mixed on-site, whereas if it is for a larger project then it would be pre-cast and delivered by the manufacturers. For example, the construction of Eurotunnel was made possible by use of pre-cast concrete supports embedded on a concrete track.

Maintenance of traditional concrete is crucial to provide long-term serviceability for users. Failure to implement an adequate control process can result in expensive repairs. In some cases, cracks can start to appear on the concrete as load starts to increase over time. This would necessitate usage of sealants, which act to bridge the cracks with an adhesive material.
In the UK, some of the common failures of concrete (St. Astier, 2009) are due to:
* Poor maintenance & incorrect diagnosis

* Inefficient waterproofing capabilities causing excessive penetration of moisture

* Excessive carbonation or chloride levels

Traditional concrete is a resource and energy dependent material, as it requires material from large quarries and factories to prepare the concrete. The UK construction industry currently uses 400 million tonnes of resources per year, of which 10% are unused product going straight to a landfill (Sustainable Concrete, 2010). Additionally, each year structures that are beyond repair are demolished and taken to the landfills. All this combined, yield a large wastage of resources. However, instead of letting this waste go unused it is possible to re-cycle them by crushing them and using them as aggregates within the concrete mixture.

According to the Concrete Centre (2010), it is their vision to ensure that "by 2012, the UK concrete industry will be recognized as the leader in sustainable construction, by taking a dynamic role in delivering a sustainable built environment in a manner that is profitable, socially responsible and functions within environmental limits".

Traditional concrete, despite its many advantages, does not perform well in precipitous environment. Pervious concrete allows for air and water to flow freely through the mixture. This limits the runoff from its surface and enhances drainage features. SE Cement (2008) defines pervious concrete as a mixture of Portland cement, water, coarse aggregate and almost no sand. The key feature of this mixture is that it has 15-25% void within its volume. The air pockets within the concrete allow for water to seep through the structure and perform as normal. It is also necessary to ensure that the coarse aggregates are not too loose and get carried away with water. Thus, the mixing and placing process has to be carefully carried out such that the water and Portland cement are coagulated well to form a thick paste around the aggregates. This is crucial to maintain a well-connected system of voids to ensure effective drainage of water.

Pervious concrete is particularly useful in parking lots, riverbanks and areas that are highly precipitous as it limits the interference of water and easy drainage of water. According to Limbachiya (2009, pp.554), the use of pervious concrete dates back to 1852. Its use became further widespread following the Second World War and increased construction activity.

According to Brandt (2009, pp. 63), the porous nature of pervious concrete makes it less strong than traditional concrete. Even then, compressive strength of 50 MPa can be reached with small size aggregates and usage of the right admixtures. The reduced compressive strength has led to its restrictive use such as roadways with low to medium traffic. However, SE Cement (2010) estimates that for most applications compressive strengths of 3.5 to 27.5 MPa will suffice.

Despite its strong performance in precipitous climate, there are questions that remain to be answered regarding its durability in colder climates. Traditional concrete is subject to cracking through the normal thaw and freeze cycle that occurs in colder areas of the country. Such conditions have been simulated to test the performance of pervious concrete and it was found by Delatte (2008, pp. 118) that the durability of pervious concrete was poor when the void system was filled with water. They have also indicated that the durability was improved when the moisture in the voids was drained and the cement paste air-entrained.

The mixing process and labour costs for pervious concrete are far more involved than that of traditional concrete. Thus, Limbachiya (2009, pp. 556) expects the initial costs of pervious concrete to be higher than those for traditional concrete because of the thicker installed size of pervious concrete. However, it is worth noting that the additional investment made is for a particular purpose, i.e. the porous structure of the concrete. Thus, the extra cost should be weighed against this advantage gained over its lifetime. Since pervious concrete would need to be customised for the region and application by customers, most manufacturing companies use a large distribution system to minimize delays in batching for customers.

Limbachiya (2009, pp. 556) states that maintenance of pervious concrete pavements is a highly debatable subject. They proceed to state that structures not maintained well continue to perform well, although not at the initial infiltration rates which is its key objective. However, one key concern within pervious concrete is to prevent any clogging of void structures within it, as this would fail one of its objectives, i.e. to be porous. Typically, proper maintenance of pervious concrete pavements includes vacuum sweeping or power washing. Pressure washing of a clogged pervious concrete pavement has restored it to 80-90% of its original permeability (Pervious Concrete, 2009).

Structures such as shopping malls and buildings have roadways and parking lots around for vehicle use. If these pavements are built using traditional concrete, then they risk flooding under heavy rain. Thus, zoning regulations necessitate controls such as retention ponds, which essentially collect the excess water on the pavements from the rain. This requires extra capital investment and resources for setting up. However, if instead of traditional concrete, pervious concrete is used to create the pavements, then the excess water on the surface percolates through the voids in the concrete into the soil underneath. This eliminates ponding on the pavement and preserves more land, capital and resources for alternate use.

However, the basic configuration of pervious concrete allows all liquids to go through the voids. A more environment friendly version of pervious concrete was developed in the UK, in 1999, where in surface water is allowed to pass through to a specially engineered sub-base while oils and other water pollutants are retained (Concrete Products, 1999). This ensures that the water table under the pavement does not get contaminated.

Within the UK, a unique standard for drainage technology called Concrete Block Permeable Paving (CBPP) has been set-up. According to Paving (2010), this code has been championed by all the major pre-cast concrete paving manufacturers in the UK. Such developments will be positive for the progress of the sustainability within UK's pavement community and minimise damage to the environment from constructions.
Critical Appraisal
This literature review has analysed the features of two popular variants of concrete - traditional and pervious. In particular, it has discussed the basic composition, durability, availability & costs, and finally sustainability. It has been identified that both types of concrete have their advantages and drawbacks. Sustainability remains a very important subject within the construction industry in the UK, with the government imposing landfill and aggregate taxes to discourage resource-intensive manufacturers. Additionally, manufacturers are paying increasing attention towards climate change in order to provide protection to the pavements over the life cycle rather than repairing or replacing the structure frequently.

Concrete repairs have been a major issue for the UK economy. This has been further accentuated by the rapid expansion of the UK construction industry, which contributes to roughly 10% of the GDP. According to Mays (1992, pp XI), approximately £500 million is being spent annual on concrete repairs in the UK. This clearly stresses the fact that it is essential to understand the context of concrete's application, as it is better to install the right type of concrete rather than to repair and re-install at a later stage.
Product Design and Methodology

Scope of the Chapter
In order to investigate pervious and traditional concrete a suitable and relevant methodology had to be adopted to collect information required. For this procedure the most appropriate procedures seen were a combination of quantitative and qualitative approaches. This allowed quantitative information to be collected on the respondent's individual experiences with both pervious and traditional concrete together with their qualitative views on its effectiveness. The data collected was from a primary source.
Rationale of the Research Questionnaire
To investigate pervious and traditional concrete a number of different groups within the UK Construction industry could have been sampled such as contractors, clients and designers.

A poor targeting of questionnaires would have revealed a lower response rate. A person with a limited knowledge of pervious and traditional concrete could have completed the questionnaire but this would have given misleading set of results. The best solution to overcome this would be to go straight to the correct
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