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[bookmark: _Toc86917115][bookmark: _Toc86917456][bookmark: _Toc87260707][bookmark: _Toc88487042][bookmark: _Toc102424195]1	Title of Research Project

Modern method of construction within the UK construction industry with a focus on 3D primary structural systems.
[bookmark: _Toc87260708][bookmark: _Toc88487043][bookmark: _Toc102424196]1.1	Introduction and Background

The researcher has limited knowledge of the construction industry and seeks to gain a greater understanding of modern methods of construction with a focus on 3D primary structural systems and how they are being implemented within the industry.
The research findings will be beneficial to new and less experienced members of the construction industry looking to expand their knowledge on modern methods of construction and those individuals or companies considering using use off-site manufacturing as a potential method of construction in the future.
[bookmark: _Toc102424197]1.2	Aims and Objectives, Hypotheses to be Tested, Questions to Answer, etc.:

The hypotheses for this research project is, ‘modern methods of construction are the future of the construction industry’.
Therefore, this research project aims to identify how modern methods of construction have been used within the construction industry if they have been successfully used to improve the U.K construction industry.
The objectives of this research project will be:

· To define what the modern methods of construction are.
· To establish how modern methods of construction originated within the UK construction industry.
· Identify in detail, category one of the Modern Methods of Construction framework.
· To analyse both the advantages and barriers to using Modern Methods of Construction.
· To reach a conclusion on whether the hypotheses is correct or not.





[bookmark: _Toc102424198]2	Literature Review

[bookmark: _Toc102424199]2.1	Introduction to the Literature Review

Throughout this chapter, it aims to cover the origins of modern methods of construction and provide the reader with an understanding of how new methods of construction have evolved within the industry and have now become modern methods of construction. It aims to identify the framework of modern methods of construction with a focus on 2D primary structural systems. It aims to identify both benefits and drawbacks of modern methods of construction present to the industry by analysing secondary sources of information.
[bookmark: _Toc102424200]2.2	Definition 

As Kier Group, a UK construction company state, on their published Modern Methods of Construction broacher, the aim of Modern Methods of Construction is to bring a range of innovative approaches to constructing infrastructure which results in increased productivity and efficiencies, (Kier, 2020),
It was noted by NHBC (2018), that there was some difficulty defining modern methods of construction due to the range of terminology used causing confusion. NHBC stated that many within the industry used to describe modern methods of construction as a generic term that consists of a range of construction techniques. 
However, as time has progressed a greater understanding has been established. Kier (2020), define modern methods of construction as, “the design, planning, manufacture and pre-assembly of construction elements or components in a factory environment, prior to installation on site at their intended, final location”. 

[bookmark: _Toc102424201]2.3	History of Modern Methods of Construction

Taylor (2009) prepared a report on behalf of the HSE which covered off-site production in the UK and gave a brief overview of its origins. Taylor states that the end of World War One caused major shortages on both labour and materials needed for traditional building methods. With the majority of working aged males having been diverted to the war effort, it caused a great shortage of housing. The shortage of housing forced industry professionals to look to new methods of construction to combat the shortages.
Between 1918 and 1939 4.5 million houses were built, however 95% of these houses were constructed using traditional methods. During this period, the 5% that were built using new methods of construction resulted in 20 steel frame housing systems being created and various other new methods of housing such as insitu and precast concrete and timber houses.
The end of World War 2 forced an even greater need to turn to new and modern methods of construction. Taylor (2009) explains that the government aimed to replace destroyed houses. With an abundance of steel and aluminium that was no longer needed for the war, a shift in the industry towards more prefabrication was needed and resulted in many varieties of steel, timber, concrete, and hybrid frame systems.
P.H (2016) states that between 1945 – 1948, 156,623 prefabricated buildings were erected all over the UK to house the returning servicemen and those affected by the Blitz bombing. With parts prefabricated off-site, they could be brought to the site and put together by semi or unskilled workers and although initially thought to only last 15 years, many are still function houses today over 70 years later.
The 1950’s and 1960’s saw a swing in the industry to more industrialised forms of building. Many in the industry who were in favour of off-site manufacturing were promoting modern methods of construction and had been growing in confidence. Yet those who lived in these new types of residential dwellings, especially those in high rise dwellings had growing concerns especially after the gas explosion in Ronan Point. BRE (2022) explains how a gas explosion on the 18th floor caused the collapse of one side of tower. Built using a panel system, which used precast concrete panels made off-site, the tower could be constructed at much greater speeds, but the cost savings led to inadequate quality. The decision was made to demolish the building only 17 years after commissioning, despite being forecasted to last 60 years.
Although first used in the 1940’s, volumetric construction became more widely used towards the late 1960’s. As Buildoffsite (2019) states, this involves large modular units constructed off-site that can be linked together onsite to form a complete building without the need for additional superstructure. Taylor (2009) then goes on to state that by the 1980’s 30% of new homes being built utilised an off-site prefabricated timber frame with timber wall and floor panels and usually either a brick or stone outer leaf. This was known as Rationalised Traditional Construction. However, after the live broadcast of the ‘World in Action’, severe damage was done to the new build sector. The programme was severely critical of group of timber framed houses in the West of England, stating that they were not watertight and that the timber would rot. The programme incited that this would be the same for all timber frame houses and that current owners would have this issue in the future.
400 houses were independently surveyed in areas identified that the houses would be most exposed to the elements and found that there was no evidence to back up the claims made on the programme, ‘World in Action’. No evidence of decay was found. But as Taylor (2009) explains, the public damning of timber houses on a live broadcast had already taken its effect It stalled the new build sector and made the industry as a whole look unreliable. Some believe that the programme is still the reason today that many chose traditional building methods.
[bookmark: _Toc102424202]2.4	Modern Methods of Construction Framework 

In 2017 the Modern Methods of Construction definition framework had been developed by a cross industry working group under the instruction of the UK government. Mark Farmer led this specialist group, just one year after releasing his damning report, ‘Modernise or Die’, (Farmer, 2017) on the industry. 
As Buildoffsite (2019) states, groups such as RICS, Buildoffsite, Homes England and NHBC all had great input into creating the framework. The framework was created with an aim to improve stake holders’ education and understanding of modern methods of construction so that modern methods of construction could have access to mortgages, insurance, and assurance.
The definition framework separates different modern methods of construction into seven different categories. The first four categories seen in the image below count for all the Off-site manufacturing. Categories 5-7 account for on-site process improvements. A brief description for each category can be sign on the image.
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(Image taken from Kier, 2020)


[bookmark: _Toc102424203]2.5	Advantages to using Modern Methods 

Modern methods of construction have gained momentum within the industry due to the huge advantages they can offer both contractor and client, however the advantages are often overlooked as many within the industry prefer the traditional methods as a simplistic option. As Farmer (2021) highlights the government is demanding more new houses year on year and the industry struggling to keep up with the demand. The advantages of using modern methods of construction and in particular pre-manufactured methods need to be highlighted in detail and demonstrated to the industry to encourage uptake.
Farmer (2021) emphasises the governments objective is to deliver 300000 new homes per a year, in aim to achieve the 3.9 million homes needed. It is recognised by the government and industry analysts this is not attainable with the use only traditional building techniques. Extensive use of modern methods will be required. 
Listed below are some of significant benefits highlighted by Farmer and that many can claim from using modern methods of construction, major benefits will be discussed in greater detail further down. 

· Time can be reduced from 20-60% compared to using traditional methods.
· Quality can be vastly improved.
· Reduced site waste.
· Reduced programme of works.
· Better standards of safety.

Branson (2020) explains how the labour shortage had already begun in the construction industry prior to Brexit. Below is an image taken from the report showing statistics for houses being built using MMC in 2020, in comparison to what is forecasted for the next decade. 
Image 1, Labour forecast.
[image: ]
Image taken from (Branson,2020)
With 62000 construction workers forecasted to retire per year from 2016 to 2026 and only 23000 workers being onboarded annually into the industry, it is very evident a labour shortage is going to influence companies already established in the Industry. As Branson highlights, 10% of the UK construction force comes from European Union and an estimated 59% of these workers will be ineligible 
[bookmark: _Toc102424204]2.5.1	Time

As seen in the ‘Iron Triangle’, often reduced time is accompanied by either lower quality or higher costs. Time spent on a project can be greatly reduced by using modern methods. With a range of methods allowing pre-manufacturing off-site to be done 24/7 in factory like conditions this eliminates the potential for any adverse weather conditions to cause delays in the programme but ensures high quality is maintained and consistent.
Image 2, The Iron Triangle.
[image: The Iron Triangle of Customer Service: Speed, Quality, and Cost | Digital  Genius]
Image taken from (Digitalgenius, 2020)
In the Mckinsey report, (Bertham et al, 2019) it states that the use of modular construction to build houses has resulted in them being completed 20-50 percent quicker than those of traditional builds and RIBA (2019) similarly mentions, that a report carried out by Commons Housing, Communities and Local Government Select Committee in 2019 estimated that the construction programme could be reduced by 20-60% by using MMC. 
The Mckinsey report highlights on average more time is spent on pre-construction stage, this is because designers need to make decisions earlier on in the project which can be costly and expensive to change later. As designers become more familiar with modular construction, they will develop their own modular libraries. The Mckinsey report highlighted that one of their clients had already started to save between 10-15 percent of time on the design phase using modular libraries.
Labour hours on-site are reduced, with the modules being pre-manufactured in factory conditions. Although this increases off-site construction time, overall construction time is significantly reduced. With modules turning up to site completed they can be fixed into place with extreme accuracy in good time. With modules being constructed to a high standard in the factory the time needed for snagging is reduced majorly.
A shorter construction programme can be seen as a major benefit by many developers. Clients building with the intention to sell or rent out residential units can start earning a revenue sooner.
[bookmark: _Toc102424205]2.5.2	Cost and Quality 

As Taylor (2009) mentions, many of the cost savings are often neglected in tenders by those who prefer traditional methods of building. But there are several areas that cost savings can be found using modern methods of construction. Due to the nature of the build, sub-contractors are required to give their input at a much earlier stage within the project, greater collaboration at the earlier stages of a build is proven to result in less design changes which can be costly later in a project.
Cost savings will vary on a range of different projects. For example, highlighted in the Mckinsey report (Bertham et al, 2019), it is known that projects that are high labour intense repetitive designs such as student accommodation, hotels and even affordable housing will benefit greatly from workers repeating the same build, it will speed up and improve accuracy the more the project is completed. However, for high end designer projects which feature one off designs, these won’t benefit as much as the process will not be repeated and improved. As Taylor (2009) states, bulk orders of the same volumetric unit or 2D primary structure can give significant cost savings to both client and supplier.
Within the report conducted by RIBA (2019), it was noted that in 2017 a survey conducted on people moving into a new build home constructed by traditional methods found 99% of customers had reported problems with their home and out of those people that reported problems 41% of them had 10 or more problems. RIBA states that the precision of offsite manufacturing can lead to a change of perception and reverse the negative perception that currently plagues the industry.

[bookmark: _Toc102424206]2.6	Barriers to Modern methods 

As highlighted in a report conducted by NHBC (2019), modern methods of construction require more space to be able to move prefabricated units to site. If the site has poor or difficult access, it can prevent any units being successfully delivered and potentially craned in, this forces the contractor to use traditional building methods. There is also a lack of flexibility for the client’s design once the early stages have concluded.
Also, within the report by NHBC to the government it states challenges with procurement can affect the method choice of construction. Stating that a higher capital cost upfront can put off many clients, as lowest cost is often still seen as the best value by many inexperienced individuals within the industry. Another barrier highlighted within their report is the lack of evidence for insurance and mortgage companies to feel comfortable offering their services to houses constructed with modern methods. Parliament.uk (2019) highlights that there is not enough long-term data on how modular buildings will react to flooding or the outbreak of a fire. Questioning whether their fire proofing is adequate after seeing the catastrophe of Grenfell. The Parliament report also states that modular buildings do not always comply with the building regulations set out in the approved documents and these need to be heavily considered and potentially revised to aid the uptake of MMC.
RIBA (2019) states that major uptake of modern methods can lead to a lack of creativity within the industry and that many contractors driven by cost will produce buildings lacking individuality. 
[bookmark: _Toc102424207]2.7	A focus on 3D primary structural systems

As is stated in the definition framework by Buildoffsite (2019), 3D primary structural systems are commonly known as volumetric construction. The volumetric units can be used for many purposes such as office spaces, bathrooms, and kitchens. However, the system includes structural performance. 
Farmer (2021) discusses how Tide Construction and their manufacturing company Vision Modular systems have produced over 6000 modular dwellings using 3D primary structural systems. While completing these projects, they observed that a 50% increase in speed of construction was attainable over multiple projects while maintaining fewer defects then traditional build methods. Farmer states, up to 80% less waste was produced when compared to a traditional method and of the waste produced 97% of it was recycled.
Major developments in recent times have seen a boost in volumetric construction, with many successful case studies shining a positive light on modern methods of construction. Egege (2018) states that up to 90% of construction using volumetric units is done within a regulated factory setting, making this form of construction the most innovative way of delivering high quality and safety orientated projects.
Although many successful projects have used 3D primary structural systems Hořínková (2021) Highlights, in her report on modular construction and reiterated by many websites discussing modular construction found on the internet, that the maximum size of a modular room is limited by what can be transported to site. Therefore, room sizes are limited to specific constraints and those looking for open plan living will look outside of modular construction. Hořínková concluded her report on modular construction having identified advantages outweighed the disadvantages and those disadvantages identified could be resolved with the development of future technology However she could not conclude if modular construction was directly better than traditional methods and techniques due to every project in the industry being unique and that the choice of construction is not always so straight forward.



[bookmark: _Toc102424208]2.9	Summary 

Many sources throughout this literature review are extremely keen to point out major advantages that can be gained for all parties by using modern methods of construction. Major benefits such as, reduced construction time while maintaining or improving the standards of quality. Site waste reduced and more recycled materials leading to more eco-friendly build, greater control on build quality and a certainty of good workmanship in factory conditions. With these advantages being at the forefront of many literature sources it would seem that modern methods of construction would be the obvious choice for all clients and contractors within the industry. However, as some sources highlighted major barriers currently prevent mass adoption such as the access requirements to needed to deliver pre-manufactured units to site, or the size constraints placed on units to be able to transport them to site. The current perception of lowest cost tendering is also hindering a move to modern methods of construction as these usually produce a much greater upfront cost. 
As modern methods of construction have been Identified as a solution to meet the demand and quality needs requested by the government, literature suggests it is likely that barriers highlighted to mass adoption will be overcome with the advancement of new technology and further research.
[bookmark: _Toc102424209]3.0	Methodology 

The aim of this chapter is to discuss the type of research conducted throughout this report. It will analyse the literature review. 
[bookmark: _Toc102424210]3.1	Type of Data

Valentine (2022) states that secondary data is information that already exists, that has been collected by other people or organisations for a different purpose. It is often readily available and sometimes requires permission to view. Secondary data often contrasts with data that the researcher has collected first hand through interviews or questionnaires. 
Qualitative research defined by Bhandari (2020), consists of collecting non-numerical data to understand concepts, opinions and experiences. It is often collected to gather in-depth insights into a problem or to generate new ideas for research.
Throughout this project the research gathered has been secondary data found on the web and in journals. The type of data gathered was qualitative data, analysing each source for their data to understand their opinion and experiences in the industry on modern methods of construction.


[bookmark: _Toc102424211]3.2	Data Analysis 

The method for analysing data is this project is known as grounded theory. This is described as, researchers collecting rich data on a topic of interest and developing theories inductively, (Bhandari, 2020).
[bookmark: _Toc102424212]3.3	Conclusion 

Due to constraints for the researcher, a qualitative, secondary data analysis approach was identified as the most efficient way to research for this project. The literature review highlighted many benefits the industry can gain from mass adopting of modern methods of construction and although highlighting current barriers that hinder modern methods of construction coming to mass adoption, it states that these will likely be overcome with the adoption of future technology and future research. However, it also highlighted that perception from clients towards upfront cost and the lack of ability to be able to make altercations stops many projects adopting modern methods of construction. With these conflicting views, it highlights the advantage that primary research would be able to give. A first-hand account of primary research from both clients and contractors would help identify current views from professionals working in the industry and would enable the research to contrast these the data found throughout the literature review.
[bookmark: _Toc102424213]4.0	Results from Research

The aim of this chapter is to analyse the results of the literature review and see if the aims or the project have been archived and whether the hypotheses has been tested and found to be correct or invalid. 
[bookmark: _Toc102424214]4.1	Data Analysis
The general feelings presented by the literature reviewed, is that modern methods of construction are forward thinking and solve many issues that the industry if facing and will continue to face while recruitment into the industry falls. It showed that in some cases, costs and time can be reduced without compromise to the quality of the structures. However, many barriers still exist which are slowing down uptake of modern methods such as the access required for deliveries to sites, which are not able to accommodate the large pre-manufactured structures, and much larger upfront capital costs putting off inexperienced clients. These barriers can be overcome with more education on modern methods and future technologies.
As for the hypothesis, the review of the literature leans towards modern methods being the future of the industry, but it is extremely difficult to prove correct or not without primary data to be able to compare it to. Further research with the inclusion of case studies and interviewing current industry professionals would help in proving the hypotheses correct or not. Without being able to compare literature to current industry professionals’ experiences of modern methods of construction in real time it’s extremely difficult to gauge whether the literature is in line with what is happening on local sites using these methods. 
Sources found through secondary data have allowed all other objectives of the project to be completed.
[bookmark: _Toc102424215]5	Research Project Reflection

The aims of the research project were set out at the beginning of the project to help shape my research and give it structure. On reflection of research project and completion of intended aims there are many personal points I have learnt that I can take forward into my dissertation next year and on to my career in the industry in the future. 
During this research project I used many different secondary sources and reviewed the literature. Much information was learnt from the literature and provided great knowledge. However, when it came to answering the hypothesis, it was extremely difficult to provide an accurate statement without first-hand knowledge or primary research to compare the literature against. Looking forward to next year, I will incorporate questionnaires and interviews within my methodology and analyse the results of the primary research and secondary sources to compare accuracy and provide the most accurate answer to the hypothesis.
My journey throughout this project was very methodical and my time management skills came into good use, completing deadlines in time and leaving ample time to gather content as required. Although enjoying great success throughout the project, some areas I can work on were also identified. Finding credible sources through the web proved harder than expected. It wasn’t till the latter end in the project I found many credible sources, I would like to improve on my researching skills by learning where to find better sources then just googling a question. This is something I will improve before my dissertation.
Given the knowledge I have learnt now from this project, I would like to specify my dissertation to a hypothesis less subjective and slightly more objective based on the research. I believe this would motivate me more to prove a right or wrong answer. Whereas asking if modern methods are the future of the industry, tailoring it more, along the lines of, do they cut costs for the majority of contractors or not. During this primary research will be vital.
At the start of the project a I had a slight interest in modern methods of construction, after researching into them and understanding the potential they have to solve many of the problems and crises in construction industry, it’s definitely part of the industry I would love to work in. Managing a site using modern methods presents different challenges I believe fall well within my skill set.
Overall, this project has strengthened my interest within modern methods and the construction industry, it has encouraged me to look away from traditional building methods and see how the role of site manager varies when working with MMC.
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