
Module 4  
Offsite 
Manufacture



2

This booklet is part of a series of eight learning 
modules aimed at the construction industry with 
the following titles:

1. Introduction
2. Digital Design
3. Estimating & Commercial
4. Offsite Manufacture
5. Logistics
6. Onsite Placement and Assembly
7. Site Management and Integration
8. Sustainability

You can also find e-learning versions of each 
module at

https://emic-gem.eu/course/login.asp

The following persons have contributed  
to the development of this content  
(in alphabetical order):

Chris Ashe, Mojca Cek, Michael Friedrich, 
Begoña Ibarlucea, Lucy Joannides, Caitriona 
Jordan, Madeline Langlois, Craig Meechan, 
Mark Milne, Sam Patterson, Daniel Perdiguero, 
Linus Reichenbach, Carmen Romero, Wolfgang 
Schafitel, Oiane Sopuerta

Projects Partners:

City of Glasgow College, Scotland
Academia Druzba Za Storitve Doo, Slovenia
Berufsschule Pinkafeld, Austria
Built Environment – Smarter Transformation 
(Edinburgh Napier University), Scotland
Centro Integrado De Formación Professional 
Construccion Bizkaia, Spain
Europäisches Institut Für Innovation – 
Technologie e.V., Germany
Gemeinnuetziges Berufsfoerderungswerk 
Gmbh, Germany
Gospodarska Zbornica Slovenije Center Za 
Poslovno Usposabljanje, Slovenia

Embracing Modular  
Innovation in Construction – 
Getting Education Modernised

www.emic-gem.eu

2



3

In
tr

od
uc

tio
n

Module Purpose: On completion of this 
module, learners will be able to demonstrate 
the knowledge and skills in Offsite 
Manufacturing for Offsite Construction, by 
understanding the manufacturing processes, 
construction methods and materials used. 
In accordance with Health and Safety 
legislation and codes and standards. 
This module is aimed at a wide range of 
learners within the construction industry in 
particular skilled workers and Construction 
Supervisors / Managers.   
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Learning
Outcomes

Digital skills and 
Data Management

Procurement  
and cost

Health and  
Safety

Management and 
Planning strategies

Factory  
Operations

Site  
Operations

General Skills 
& Knowledge

1. Understanding 
process flows.

2. Understanding and 
application of CAD/
CAM technology. 

3. Early engagement of 
the design process.

4. Understand 
procurement for the 
supply chain. 

5. Sustainable 
resourcing of materials.

6. Estimating for 
contracts and 
understanding tendering 
processes for offsite 
construction.

7. Health and safety at 
work Act (s)

8. Risk assessments

9. Knowledge of and 
understanding of quality 
assurance including risk 
assessments, method 
statements under specific 
factories.

10. Understanding 
sequencing of work flow, 
production processes.

11. Logistics 
and programme 
management.

12. Understanding 
various methods of 
construction such as, 
modular, panelised 
systems, pods, sub-
assemblies.

13. Understanding 
offsite construction 
materials such as 
concrete, timber and 
steel. 

14. Understanding 
of application of 
various automated 
manufacturing and 
production machines 
including robotics .

15. Understanding 
current building 
regulations and familiar 
with current and 
emergent technology, 
government guidance, 
including thermal 
performance. 

16. Understanding on 
site assembly processes 
and Precision and 
accuracy.

17. Ensuring sequencing 
and programming with 
offsite manufacture and 
onsite.
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Digital Skills and 
Data Management

Introduction

Offsite and modular construction changes 
the way the construction sector delivers new 
buildings by moving as many processes as 
possible into controlled production lines, 
utilising more advanced manufacturing 
equipment and better working conditions.  

The manufacturing of offsite and modular 
components differs in its approach to traditional 
building, requiring new processes that utilise 

the availability of data and BIM models to 
automate tasks with CNC equipment. Working 
offsite allows companies to invest and make 
available larger equipment that can support a 
lean assembly space making each task easier 
and quicker to complete.

Digital skills that an offsite production operator 
benefits from are the ability to not just operate 
safely but also to work proactively to prevent 
machine errors, debug software faults and 
communicate delays appropriately. 

l  Digital Model of a settlement build using offsite methods (Spain)
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Understanding the flow of the offsite 
manufacturing process.

In this module, we will look at how efficient 
prefabrication requires a well-working process 
flow. This begins with digital planning and 
the use of building information modelling 
(BIM) tools. To enable the process flow to run 
smoothly, procurement needs to make sure 
that all required components and materials are 
acquired on time. 

The manufacturing process in the factory uses 
(computer numerical control) CNC machines, 
lifting equipment and industrial process lines. 
The handling of elements or modules as well 
as their storage and loading for transport to 
the construction side must be done with care 
and following all instructions. In the following 
paragraphs we will provide an overview of the 
assembly process in the factory. 

l Layout of an offsite construction factory (CCG OSM, Glasgow, Scotland)
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The typical stations in wall production are as 
follow:

Wood cutting (usually with CAD 
machines)

With CNC-controlled machines, the wood 
is cut to millimetre precision and cut-outs for 
cables and openings are produced. The data 
is loaded directly onto the machine from the 
planning department. The machine operator 
is responsible for ensuring that the correct 
material is provided. The cut components are 

given a component number. The wood used has 
a maximum moisture content of 15%.There is 
also a laying table for producing the supporting 
structures from posts and sleepers.

At the wall table, the cut components are 
assembled into wall elements. Here, the studs 
and sleepers are laid out to form a framework. 
The table is equipped with a clamping device 
so that the elements can always be aligned 
at the right angles. The posts and purlins are 
nailed or screwed together.

Cladding the inside

The timber construction is then covered with 
an oriented strand board (OSB) board, which 
is then fastened with staples. The openings for 
windows and doors are cut out of the board. 
Depending on the company’s equipment, this is 
done by the employees or by a CNC-controlled 
assembly bridge.

The OSB board is used to create a static wall 
panel and as an airtight layer. Depending 
on the wall structure and the degree of 
prefabrication, the inside is also clad with 
plasterboard.

l Optimising upcut saw for processing timber
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Turning the elements and filling the 
gaps

After the inside is clad, the elements are flipped 
over. This is done with the hall crane or special 
turning tables. The space between the posts is 
then insulated. Depending on the requirements 
for thermal insulation and fire protection, either 
with mineral wool or rock wool or wood fibre 
or cellulose.

Wood fibre or cellulose could also be blown 
directly into the gaps using special equipment.

Cladding the outside

After the elements have been insulated, the 
outside is closed. Various materials are used for 
this, depending on the requirements and façade 
design, and include:

• Wood fibre boards as plaster base for 
mineral plasters

• Cement-bonded boards for fire protection 
requirements.

• The materials are also stapled or screwed. 

• Cladding made of wood is also applied 
directly in the factory.

l Installation of sheathing board on timber frame panel
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Installation of windows and doors

After cladding the exterior, the elements 
are erected and the windows and doors are 
installed. The soffits of the windows are finished 
and all components are also connected in an 
airtight and watertight manner. Depending on 
the size of the building, the walls are also given 
an external plaster finish at the same time.

Storage of the elements or direct 
loading onto platforms

After completion, building elements are stored. 
Depending on the company, this can also be 
an intermediate storage in the hall. Then the 
elements are loaded individually onto a lorry 
again before assembly. Larger companies 
load the elements directly onto swap bodies or 
trailers which then only have to be loaded.

The order of assembly on the construction site 
also influences production; the component 
needed first on the construction site should also 
be on the outside of the truck.

Using automated machinery in 
conjunction with software such as BIM 
and CAD/CAM technology

You will understand the processes from the 
architect’s planning to the transfer of the data 
to the CNC machine. You will also understand 
the need for detailed previous planning and 
the use of digital possibilities in surveying 
and planning – in addition to new innovative 
digital technologies that make fabrications 
more efficient and increase the quality of the 
fabrication.

The process of turning design data, such 
as drawings and 3D models, into data that 
automated machines can read is called CAD/
CAM technology. This stands for computer 
aided drawing and computer aided machinery. 
There is various software that can be used for 
this process available on the market and are 
used widely throughout Europe. 

The manufacturing-led design approach offers 
the opportunity to have a central source of 
project data, which can facilitate workflow and 
increase worker productivity. 

Innovations in the offsite manufacturing work 
include:

The internet of things (IoT): 

The network of physical objects – devices, 
vehicles, buildings, and other items into which 
electronics, software, sensors, and network 
connectivity have been embedded – that 
enables these articles to collect and exchange 
data. IoT allows objects to be sensed and 
controlled remotely across existing network 
infrastructure.

IoT will be of great significance to the built 
environment and specifically sustainability. 

l Wall panel with installed windows  
(CCG OSM, Glasgow, Scotland)
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Machine learning and robotics: 

Machine learning explores the study and 
construction of algorithms that can learn from, 
and make predictions about, data. This stems 
from artificial intelligence (AI). Using algorithms 
related to the power of production, the BBC 
have conducted profession related research to 
try and predict the likelihood of jobs being lost 
to automation with building surveying having 
a likelihood of 63% (BBC, 2015). Roles that 
include the management of data seem to be at 
a significant amount of risk – even more so if 
they do not adopt these technologies.
Building data: Building data-related 
programmes such as Building Information 
Modelling (BIM) are a process involving 
the generation and management of digital 
representations of physical and functional 
characteristics of buildings. BIM brings together 
all of the information about every component 
of a building in one place. It also makes it 
possible for that information to be accessed 
for any purpose. At the construction stage, for 
example, BIM reduces the risk of mistakes or 
discrepancies and minimises abortive costs.

Building data: 

Building data-related programmes such as 
Building Information Modelling (BIM) are 
a process involving the generation and 
management of digital representations of 
physical and functional characteristics of 
buildings. BIM brings together all of the 
information about every component of a 
building in one place. It also makes it possible 
for that information to be accessed for 
any purpose. At the construction stage, for 
example, BIM reduces the risk of mistakes or 
discrepancies and minimises abortive costs.
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Early engagement of the design process

The type of materials, machinery and 
technologies that will be incorporated into the 
design should be clearly communicated at the 
procurement stage. As soon as contracts are 
awarded and the manufacturing process is 
underway, it can be difficult to implement any 
changes to the design; therefore, this step is 
crucial to the project’s success.

Awareness of the importance of a collaborative 
approach to manufacturing, where the designer 
is aware of the possibilities and limitations of the 
available range of machinery and automated 
processes, is very helpful. It is likely the case 
that an offsite manufacturing company will 
offer their own system that has been refined 
to optimise their manufacturing processes; if 
so, adopting this system creates a partnership 
opportunity to maximise value and reduce waste 
across the lifespan of the project. Understanding 
the flow of the production process during the 
manufacturing stages enables designers to 
design out, or make allowances for, complicated 
tasks that can create bottlenecks on the 
production line and add unnecessary costs.

The need for the offsite manufacturing team and 
design team to have good communication is 
critical to project success. Projects should clearly 
define the design phase and the manufacturing 
phase as two separate processes – normally 
differentiated by a ‘design freeze’, at which 
point one complete set of manufacturing 
drawings are issued to the production floor.

Unlike with more traditional forms of 
construction, the changes to, or variations 
of, a project design - or the overhaul of a 
manufactured element - is less simple and often 
costly. The purpose of the design freeze is to 
prevent additional processes or handling on the 
production line that have been designed to flow 
from one task to the next at a desired speed. 
Stopping one station on a production line can 
halt work or prevent work at other stations; this 
is because the processes are finely optimised for 
overall factory output allowing companies more 
control over risk, costs and production quality.

The impacts of the more engineered approach 
to each trade and the differences in technology 
from that to the traditional onsite trades must 
be understood. The design freeze will be an 
important part of the offsite manufacturing 
process as onsite variations by one trade may 
have unintended consequences to building 
performance and later trades in the process.

A collaborative mindset is important, and when 
a design team is working with a manufacturer 
for the first time, it is prudent to allow extra time 
and resources for a prototype or pilot project. 
Trying out the new design on a small scale 
allows the team to learn together and develop a 
better product. Additional costs from this phase 
can often be offset by the scalability of a new 
successful system vs traditional construction 
methods.  

l Optimising upcut saw for processing timber
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Procurement, tendering  
and contracts
Introduction

Good knowledge of supply chain management 
in relation to offsite and modular construction 
with a need of understanding the characteristics 
of the project site; the supply of plants 
to various project sites. Understanding 
procurement and evaluating chosen suppliers 
and their delivery systems used against project 
criteria. The understanding of planning for 
variations in design and the implications this 
will have on costs related to the contract. The 
understanding of business management systems 
and benchmarking key performance indicators 
of various supply chains.

Procurement for the supply chain

The design and manufacturing processes allow 
the manufacturers to better control the flow 
of materials and, by involving their supply 
chain, ensure that the resources necessary 
for the construction of modules are efficiently 
used. This integrated design, procurement and 
management can help to significantly reduce 
the amount of waste sent to landfill. 

A good working relationship needs to be 
established between the factory team and the 
material suppliers. You should understand the 
importance of factory stock inventory and the 
management of such stock in relation to its 
fitness for purpose, to include the systems of 
testing and grading of materials.

It is also important to develop skills in 
negotiations with suppliers and supply chain 
management. Supply chain management is a 
business activity that involves the management 
of relationships with suppliers and key partners 
with a more communication heavy approach 
than with traditional procurement.

Sustainable resourcing of materials

Any sustainable production starts with a 
holistic approach to manufacturing a product 
and the importance of management of the 
product from its initial constituent material 

sourcing to through the manufacturing process 
to the finished article. This is the sustainable 
resourcing of materials, where this process 
begins with the creation of a reliable supply 
chain that encompasses social, economic and 
environmental factors.

The management of this supply chain, along 
with fully understanding the labour process 
involved with each raw material is vital to 
ensuring that the upstreaming of materials is 
coming from sustainable and reliable sources.

Also necessary is up-to-date knowledge of the 
fundamental materials used, along with new 
and emerging material technologies that aim to 
minimise any potential negative environmental 
impacts. The offsite manufacturing process lends 
itself to using more modern, non-traditional 
material engineering processes not commonly 
seen in construction practice. There is also an 
opportunity to utilise materials that can be 
assembled and just as easily de-constructed, 
disassembled and reused.

l Materials storage



14

The technology associated with each material 
plays a key part in the production process, 
but just as important is having a suitable level 
of knowledge of the impacts of construction 
material production processes on the 
environment and how we should be acting to 
conserve energy and natural resources. These 
production processes and techniques must 
make as minimal impact on the environment as 
possible, conserve energy, conserve natural 
resources and also be safe for the workforce to 
handle on and offsite. These materials should 
also be safe for the end use consumer and not 
create unhealthy internal conditions.

Sustainability encompasses the whole 
lifecycle of the offsite manufacturing process 
’from cradle to the grave’ and closed loop 
manufacturing process. These are processes 
that optimise minimise negative environmental 
impact by using optimised techniques and 
production processes by continuously improving 
performance and monitoring quality. This in 
turn will also enhance product safety and 
reduce the health and safety impacts for the 
workforce.

Estimating for contracts and 
understanding tendering processes for 
offsite construction

Procurement timings for offsite construction 
differ from traditional construction, especially 
regarding the early manufacturer and supply 
chain engagement. In other words, more 
parties need to be part of the procurement 
process sooner with offsite construction.

Offsite and modular construction techniques are 
easier and faster to estimate, as they tend to 
adopt digitised processes (i.e. take-off software 
linked to a BIM file); this can allow for more 
automated and more accurate estimating.

Where a system has been adopted for a 
project, the manufacturer will have a deeper 
understanding of costs from prior projects. This 
is subject to the final specifications. 

Using BIM tools does create new problems, 
such as the fact that the data pertaining to the 
take-off must be input during the design stage, 
requiring additional data input from the supply 
chain. The automated processes will only count 
what is in the BIM file, which still allows for 
human error.

Working with the supply chain and allowing 
enough time to develop and finalise an 
accurate BIM improves the reliability of the 
automated process.

When tendering for an offsite or modular 
project for the first time, it is important to 
understand additional provisions that may be 
made in the building contract. Typically quality 
assurance and the payment schedule provisions 
may differ the most from traditional contracts 
due to changes to the  location and ownership 
of materials at different stages of the build.

See “Estimating and Commercial” module for 
a more in-depth look at the issues summarised 
above. 
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Health and Safety

Introduction

Environmental and sustainable practice 
management and evaluation of all potential 
offsite and modular construction logistics to 
adhere to the health and safety procedures 
typical of both factory and construction 
site settings. Along with this, environmental 
management will be of key importance and 
as such, the understanding of the following is 
essential:

• Health and safety procedures for loading 
and off-loading materials

• Complete environmental risk assessment

• Track and access carbon footprint for each 
individual project, assess where this can be 
minimised 

• Ensure all environmental practice is digitally 
logged

Health and safety at work law

The management of health and safety at work 
is associated with various statutory regulations 
that aim to aid health and safety procedures 
and safe systems of work and promote 
the importance of health and safety in the 
workplace. 

Construction workers on all levels must learn 
about the hazards and risks associated with 
construction processes and procedures and 
specifically those in the offsite manufacturing 
sector must learn about the hazards and 
risks associated with factory processes and 
automated machinery. A key factor in health 
and safety within the factory setting is having 
an awareness of the factory layout, use of 
machinery, flow of vehicular and pedestrian 
traffic.

Offsite manufacturing pros to health and safety:

• Cleaner environment

• Less affect from environmental conditions

• More availability of mechanical aids

• Less working at height

• Less manual handling

• Less air contamination

Not only is understanding the management 
of health and safety at work legislation and 
guidance documents for factory production key, 
but also workers must understand the various 
duties of all parties involved. 

Employers’ duties:

• Employers must provide safe and well-
maintained working equipment and 
machinery

• The employer must ensure that the workplace, 
working equipment and machinery is 
regularly checked 

• Employers must ensure their employees are 
provided with the correct, regular training for 
each aspect of their role

• Employers must provide a health and safety 
policy and operation plan for the factory for 
employees to understand and follow

Employee’s duties:

• Cooperate with the employers’ instructions 
and follow the factory operation plan

• Keep up to date with all safety procedures 
and directions prescribed by management

• Keep their work area tidy and a good 
factory environment
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• Learn about the importance of safety in the 
factory environment and how maintaining 
that safety is a shared responsibility with 
duties of both employers and employees. 
Each personnel has specific duties and 
obligations bestowed upon them by law.

• Employees are not only responsible for their 
own actions and safety, but also the safety of 
their colleagues

Categories of risk in the factory 
environment:

• Manual handling

• Electricity 

• Lifting machinery 

• Vehicle movement 

• Working at height

• Fire safety

• Work equipment and machinery 

Risk assessments are required by the 
Management of Health and Safety at Work 
Regulations 1999. They form the basis 
for deciding on the control measures, the 
arrangements and detailing the responsibilities 
within the construction organisation.

The regulations require that significant findings 
of risk assessments are to be recorded where 
there are five or more employees.

Employers and the self-employed must identify 
the hazards involved in the work they do, 
assess the likelihood of any harm arising, and 
decide on adequate precautions. 
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Risk Assessments

What is risk assessment?
A useful definition has been provided by the 
Health and Safety Executive (HSE) in the UK:

‘An assessment of risk is nothing more than 
a careful examination of what, in your work, 
could cause harm to people, so that you can 
weigh up whether you have taken enough 
precautions or should do more to prevent 
harm.’

Risk assessment is not a new concept – 
everyone carries out some sort of risk 
assessment each time they cross a road. You 
look both ways and, if the road is clear, you 
cross. If the road is not clear, you wait until it is. 
If the road is very busy it may never be safe to 
cross, so you may look for a safer method, such 
as a footbridge or an underpass. Alternatively, 
you may decide it is too dangerous and decide 
not to cross the road after all.

Each thought process is based on sets 
of information available to you and the 
experience you have previously gained when 
crossing roads. You weigh the risks and rewards 
to make an informed decision.

Before any risk assessment process starts, 
it is important to understand a few simple 
definitions.

A hazard is something with the potential to 
cause harm.

A risk is the likelihood of potential harm from 
that hazard being realised. The extent of the 
risk will depend upon:

• the likelihood of that harm occurring;

• the potential severity of that harm (i.e. of any 
resulting injury or adverse health effect;

• the population that might be affected by the 
hazard (i.e. the type and number of people 
who might be exposed).

To illustrate the point, take a can of petrol. 
Petrol is a hazard; it has the potential to cause 
harm. If the can is locked in a non-flammable 
locker in a fenced area with no sources of 
ignition nearby, the petrol presents a very low 
risk of injury to anyone. However, if the same 
can of petrol is left in the walkway of a busy 
garage, someone has failed to replace the 
cap, and a mechanic is welding nearby, the 
risk of not only injuring people but also causing 
damage to the building and contents as a result 
of the petrol vapour igniting is extremely high. 
In both scenarios the hazard remains the same, 
but the risks range from very low to extremely 
high.

The law requires that only significant risks need 
to be assessed. These are normally defined 
as those that may give rise to repetitive minor 
injuries, major injuries and fatalities.

Employers with five or more employees are 
required to record their significant findings 
together with any group of people who may be 
especially at risk.

The risk assessment should be undertaken by 
a ‘competent’ person, or, for more complex 
assessments, perhaps a group of people who 
have the theoretical and practical experience 
to make a valid risk assessment. They should 
have access to any relevant legislation, guides, 
manuals, trade literature and any previous risk 
assessments etc which may be relevant.
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A risk assessment starts by:

• identifying what can harm people in your 
workplace;

• identifying who might be harmed and how;

• evaluating the risks and deciding on the 
appropriate controls, considering the controls 
you already have in place;

• recording your risk assessment;

• reviewing and updating your assessment.

There is no one way of conducting a risk 
assessment. The method chosen should suit 
the nature of the work and the culture of the 
organisation and be consistent. 

Remember that the outcome of a risk 
assessment is more important than the process. 
A common sense approach is more likely to be 
successful. It is necessary to be systematic and 
where possible combine like activities to reduce 
the number of risk assessments that require 
to be undertaken. The level of detail in a risk 
assessment should be proportionate to the level 
of risk.

When the risk assessment has been completed, 
the hierarchy of prevention should be 
implemented:

• Where possible eliminate the risk. This can 

be achieved by not undertaking the activity. 
Where this is not an option, the activity 
should be changed to reduce the risk, say by 
using less hazardous materials.

• Adapting the work to suit the individual or by 
implementing new technologies

• Implementing engineered solutions to control 
risks, such as fitting noisy equipment in 
acoustic enclosures

• Selecting the right employees for the activity 
and giving them suitable training

If, after putting in place any of the above, 
there remains a residual risk, this may be 
controlled by personal protective equipment 
or clothing. 

Below is a list of hazards that may need 
to be considered when undertaking 
a risk assessment. The list is not 
exhaustive:

• Fall of a person or object

• From a height

• Slips/trips/falls

• Machines/vehicles

• Fire/hot works

• Electricity/static

• Manual handling

• Stored energy

l A risk assessment should be in place before operating machinery (Zimmererzentrum, Biberach, Germany)
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• Explosions

• Noise

• Contact with hot or cold surfaces

• Storage

• Aggression

• Stress

• Hazardous substances

• Cleaning operations

• Drowning

• Radiation

• Excavation works

• Adverse weather

• Animals

• Biological agents

• Lighting

• Collapse of structure

• Confined spaces.

Remember, risk assessments should not be 
complicated: the amount of work involved 
should be proportionate to the risks. You would 
expect to see a detailed risk assessment for a 
chemical processing plant, but perhaps not for 
an office environment. If you are not already 
using a format for risk assessments, you will 
find two examples of different types of risk 
assessment formats in Appendix 1: generic 
risk assessment, and a safe system of work for 
certain construction works which you may find 
helpful.

It is imperative that non-authorised persons 
are kept out of any areas where work is being 
carried out, and that hoarding, or ‘Heras’ 
fencing remains secure. There have been many 
cases where children have gained access to 
sites and have been seriously injured or killed. 
Large construction firms working in areas where 
schools are located often go to the schools 
to talk to the children about safety and the 

dangers of building sites. The HSE has also 
targeted children by producing a video and 
issuing it to schools.

Designers have to weigh many factors as they 
prepare their designs. Health and safety must 
be weighed alongside other considerations, 
including cost, fitness for purpose, aesthetics, 
buildability, and environmental impact. 
Designers must reduce foreseeable risks to 
health and safety, based on information 
available when the design is prepared or 
modified. The greater the risk, the greater the 
weight that must be given to eliminating or 
reducing it. Designers must not produce designs 
that cannot be constructed or used safely.

The UKs Health and Safety Executive 
HSE’s guidance states the following:

`Designers must include adequate health and 
safety information with the design. They do not 
need to mention every hazard or assumption, 
as this can obscure significant issues, but they 
do need to point out significant hazards. 
These are not necessarily those that result in 
the greatest risks, but those that are not likely 
to be obvious to a competent contractor or 
other designers, are unusual, or are likely to 
be difficult to manage. The designer should 
make clear the principles of the design and 
describe any special requirements for the 
purpose of construction and any assumptions 
made or special requirements for the purpose 
of maintaining the structure. Information must 
be clear, precise and in a form suitable for 
users, for example, by providing notes on 
drawings, lists of significant hazards, suggested 
control measures and suggested sequences. 
The information must be passed to the principal 
designer.’

This thought process should be the same for all 
projects you undertake, whether they fall under 
the Construction Design and Management 
Regulations or not. It is good working and 
industry practice.
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Quality assurance including risk 
assessments, method statements under 
specific factory conditions

Method statements are not required by law, but 
they are an effective and practical management 
tool for higher risk activities. Method statements 
will make compliance with health and safety 
regulations easier. A method statement draws 
together the information compiled about 
various hazards and the ways in which they are 
to be controlled for any particular task.
A method statement is a formal written 

document detailing how an activity or task is to 
be undertaken. It pays particular attention to 
the health, safety and welfare implications in 
carrying out such an activity or task.
The method statement should consider the 
conclusions of risk assessments made under 
the Management, Control of Substances 
Hazardous to Health and the Manual Handling 
Operations Regulations. It can also help other 
contractors working on a site to understand the 
effects work will have on them. It can help the 
principal contractor to draw up the construction 
phase safety plan.

As a general rule, if potentially hazardous 
activities are to be undertaken then method 
statements should be prepared. If the work is 
to be carried out by subcontractors, then they 
should prepare and issue the method statement.
Typical work which will require method 
statements includes:

• Erection and dismantling of design 
scaffolding, temporary support systems, 
formwork and falsework

• Demolition work

• Excavation work 

• Refurbishment work, which may affect the 
structural stability of such a structure

• Roof work

• Erection of structures

• Work on high voltage electrical equipment 
entry into confined spaces

• Hot work

• Work involving highly flammable liquids such 
as petrol

The extent and detail of a method statement 
will depend upon the size and/or complexity of 
the work, activity or task to be undertaken. A 
method statement should contain the following:

• Management arrangements, including 
identified persons with authority

l Lifting of offsite manufactured timber frame components on site
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• Detailed sequence of work operations in a 
chronological order

• Drawings and/or technical information

• Detailed information on plant, equipment, 
substances etc

• Inspection and monitoring controls risk 
assessments

• Emergency procedures and systems

• Arrangements for delivery, stacking, storing 
and movement of logistics on site

• Details of site features, layout and access, 
which may affect the method of working

• Procedures for changing or departing from 
the method statement

Keep in mind that the method statement is a 
dynamic document and must be adhered to and 
kept updated. 

Permits to work are used as a control to 
implement a method statement or safe system 
of work for a particular high-risk task. 

The role of competent personnel 

Primarily management is responsible to provide 
safe systems of work. Managers and employees 
know the detailed way in which the task 
should be carried out. The competent person 
should assist managers to draw up guidelines 
for safe systems of work including method 
statements, with suitable forms and should 

advise management on the adequacy of the 
safe systems produced.

The safe system of work or method statement 
should be based on a thorough analysis of the 
job or operation to be covered by the system. 
The way this analysis is done will depend on 
the nature of the job/operation.

If the operation being considered is a new one 
involving high loss potential, the use of formal 
hazard analysis techniques such as the UKs 
HAZOP (Hazard and Operability study), FTA 
(Fault Tree Analysis) or Failure Modes and 
Effects Analysis should be considered.
However, where the potential for loss is lower, 
a simpler approach, such as JSA (Job Safety 
Analysis), will be sufficient. This will involve 
three key stages:

1. Identification of the key steps in the job/
operation – what activities will the work 
involve?

2. Analysis and assessment of the risks 
associated with each stage – what could go 
wrong?

3. Definition of the precautions or controls to 
be taken – what steps need to be taken 
to ensure the operation. Proceeds without 
danger, either to the people doing the work, 
or to anyone else?

The results of this analysis are then used to 
draw up the safe operating procedure or 
method statement. 

l Floor cassette manufacture
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Many people operating a piece of plant or a 
construction process are in the best position to 
help with the preparation of safe systems of 
work. Consultation with those employees who 
will be exposed to the risks, either directly or 
through their representatives, is also a legal 
requirement. The importance of discussing the 
proposed system with those who will have 
to work under it, and those who will have to 
supervise its operation, cannot be emphasised 
enough.

A checklist for use in the preparation of safe 
systems of work or method statement is set out 
as follows:

• What is the work to be done?

• What are the potential hazards?

• Is the work covered by any existing 
instructions or procedures? If so, to what 
extent (if any) do these need to be modified?

• Who is to do the work?

• What are their skills and abilities - is any 
special training needed?

• Under whose control and supervision will the 
work be done?

• Will any special tools, protective clothing 
or equipment (e.g. breathing apparatus) be 
needed? Are they ready and available for 
use?

• Are the people who are to do the work 
adequately trained to use the above?

• What isolations and locking-off will be 
needed for the work to be done safely?

• Is a permit to work required for any aspect of 
the work?

• Will the work interfere with other activities? 
Will other activities create a hazard to the 
people doing the work?

• Have other departments been informed 

about the work to be done, where 
appropriate?

• How will the people doing the work 
communicate with each other?

• Have possible emergencies and the action to 
be taken been considered?

• Should the emergency services be notified?

• What are the arrangements for handover of 
the plant/equipment to the client at the end 
of the work?

• Do the planned precautions take account of 
all foreseeable hazards?

• Who needs to be informed about or receive 
copies of the safe system of work/method 
statement?

• What arrangements will there be to see that 
the agreed system is followed and that it 
works in practice?

• What mechanism is there to ensure that the 
safe system of work/method statement stays 
relevant and up to date?

• Safe systems of work/method statements 
should be properly documented.

Whatever method is used, all written systems of 
work/method statements should be signed by 
the relevant managers to indicate approval or 
authorisation.

As far as possible, systems should be written in 
a non-technical style and should specifically be 
designed to be as intelligible and user-friendly 
as possible.

People doing work or supervising work must be 
made fully aware of the laid-down safe systems 
that apply. The preparation of safe systems/
method statements will often identify a training 
need that must be met before the system can be 
implemented effectively.
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In addition, people should receive training in 
how the system is to operate. This applies not 
only to those directly involved in doing the 
work but also to supervisors/managers who are 
to oversee it.

In particular, the training might include:

• Why is a safe system needed?

• What is involved in the work?

• The hazards which have been identified

• The precautions which have been decided 
and, in particular:

• The isolations and locking-off required, and 
how this is to be done

• Details of the permit to work system, if 
applicable 

• Any monitoring (e.g., air testing) which is to 
be done during the work, or before it starts 

• How to use any necessary personal 
protective equipment

• If on a client’s site, the local site’s relevant 
rules and procedures

• Emergency procedures

Safe systems of work should be monitored to 
ensure that they are effective in practice and 
to the actual task being undertaken. This will 
involve:

• Reviewing and revising the systems 
themselves, to ensure they stay up to date

• Inspection to identify how fully they are being 
implemented

In practice, these two things go together, since 
it is likely that a system that is out of date will 
not be fully implemented by the people who 
are intended to operate it.
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Management and Planning strategies

Introduction

Precise planning and programming for the 
delivery of any offsite and modular construction 
elements and great considerations must be 
given to the following: good communication 
with onsite management in order to move plant, 
labour and materials around the site efficiently. 

The appreciation of following a strict 
programme schedule integrated with a 
sophisticated delivery schedule. The planning of 
logistic routes to coincide with various project 
phases along with planning of strict offloading 
points and sequences of operations for staff. An 
understanding of the high levels of health and 
safety protocols for the use of plants, such as 
cranes or hoists. You should be able to embrace 
a delivery focused culture and adopt digital 
logging of delivery progress from factory to 
consolidation centre to site. 

The understanding of how offsite and modular 
sites management strategies differ from 
traditional methods to be more flexible to suit 
various project programmes. An appreciation 
of how logistical problems are solved and the 
impact that they will have on the contract. 

Sequencing of workflow and production 
processes

Panelised and volumetric modular systems will 
comprise a series of material layers that are 
applied in stages as the elements move along 
the production line. It is critical for the wider 
team to be aware of the linear sequence to 
maintain a constant forward progression. 

One of the key benefits of offsite modular 
construction is the ability to group common 
tasks that are undertaken in a controlled 
environment that has been designed to assist 
employees and improve the accuracy and 
overall build quality. Each manufacturer 
should establish documentation and implement 
controls to ensure the design processes are 
in accordance with specifications, standards, 
and requirements and that the drawings which 
it issues continually conform to the desired 
specifications.

The Quality Assurance System is critical to 
offsite construction as issues and defects that 
are not identified on completed modules before 
leaving the factory can cause major delays 
when they arrive on site and require remedial 
work. 
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Quality control and design office procedures 
provide documented, permanent and internal 
control of production, which is robust, traceable 
and repeatable and ensures quality and 
consistency for process and product, and 
ultimately good service to the customer.
A quality management system (QMS) which 
complies with ISO 9000 must be implemented 
during the design stage if the design is to be 
considered compliant with Eurocode 5.
Sequences of production processes:

Timber 

1. Framed elements closed on one side
a. Selection of stock material

b. Batch processing material

c. Prepare required sub-assemblies

d. Prepare working aware and equipment, load 
design files

e. Fit sole plate and header into the framing 
station

f. Follow CAM software for frame assembly

g. Lay sheathing on top of the frame and nail in 
place

h. CNC cut required openings

i. Remove from the work area into storage

2. Framed elements closed on both sides
a. Tasks 1a to 1h as above, plus –

b. Flip the Open timber frame

c. Fill cavity with chosen insulation

d. Lay sheathing on top of the remaining open 
face of the frame and nail in place.

e. CNC cut required openings

f. Apply building paper/membranes as 
specified

g. Remove from the work area into storage. 

3. Framed elements closed on both sides with 
window

4. Framed elements closed on both sides with 
window, plaster, and   installations

5. Mass Timber systems – Production and post 
processing

Steel

1. Steel Frame panels
2. Partially open-sided modules
3. Four-sided modules
4. Sub-assemblies, such as bathroom units.

l Quality assurance in a modular factory
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Concrete

1. Precast elements for walls
2. Precast elements for floors
3. Precast elements for roofs
4. Volumetric elements

Logistics and programme management

A programme of activities is essential before 
manufacturing begins. The programme should 
be mapped to that of the overall programme of 
works and should additionally include:

• Design freeze date

• Period of notice required by the manufacturer 
to check that tolerances on-site are within 
agreed limits

• The timetable for delivery of offsite 
assemblies

• A period and procedure for checking the 
units before accepting handover.

• Period for latent defects liability. Within the 
programme a degree of accountability for 
any slippage should be agreed.

To realise the full efficiency savings of offsite 
‘just-in-time’ delivery of the manufactured 
elements is recommended. Storage of pre-
assembled components or units on-site before 
erection is inefficient and may not be practical 
due to site constraints and weather conditions. 
Delivery timetables should be agreed in 
advance and monitored relative to programme 
progress and communicated to the factory and 
haulage company. Other considerations include 
the context of each site which may have local 
constraints and consequent route planning; 
e.g., speed, height and width restrictions. Lifting 
operations plan and the siting if required of a 
crane relative to its associated reach capacity.

l Cassettes manufactured offsite leaving the factory to site
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Factory operations

Introduction

Within a factory, it is important that everything 
moves smoothly and units can move down the 
line from workplace to workplace, as the whole 
production line will move at the speed of its 
slowest task. Teamwork and good coordination 
are vital. Size of units and transportation of 
units from factories to site can be challenging 
(e.g. factories can adapt by breaking the 
elements down to a size that logistics aren’t 
a problem anymore). Logistic personnel must 
deal with any challenges, regulations and 
other restrictions. Sourcing of material and 
considering aspects like decarbonisation by for 
example using local sources is an important 
aspect considering existing worldwide 
challenges. Logistics personnel need an 
understanding of the use of flying factories and 
construction consolidation centres.

As mentioned, offsite and modular construction 
utilises a ‘just in time’ method of material 
delivery, this is due to the site constraints 

related to this construction. A Construction 
Consolidation Centre (CCC) is a distribution 
centre through which material deliveries are 
channelled, enabling a far more sophisticated 
level of programming within the delivery of 
materials to and from the production line to 
the site of assembly, reducing potential risk 
of material waste, damage of offsite elements 
during transport and reducing the need for 
storage on sites where space is limited.

Methods of construction such as, 
modular, panelised systems, pods,  
sub-assemblies

Sub-assemblies 

Loose components – such as windows, doors, 
features, etc. – are used as building blocks 
during the panel assembly in the factory. Larger 
sub-assemblies can also be added during on-
site construction.

l Timber frame sub assemblies
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Pods 

Three-dimensional pods are usually fully 
fitted with services such as mechanics, HVAC, 
plumbing and electrics. They are normally 
associated with ventilation systems, kitchens 
and bathrooms

Panelised systems

This refers to structural panelling that makes 
up wall, floor and roofing details. They can 

come ‘open’ or ‘closed’ and fully fitted with 
insulation, service ducting, windows, doors and 
interior and exterior finishes. They are also 
regarded as ‘non-volumetric preassembly‘; 
these are either classified as ‘open’ or ‘closed’ 
with open panels normally being non-insulated 
and closed panels being insulated. Enhanced 
panels are also referred to and these panelised 
systems have been enhanced beyond the closed 
state to include windows and doors, services 
(e.g. electrical or plumbing) or other finishes 
such as external cladding or internal linings.

An open panel is typically a single sheathed 
panel comprising a structural frame that 
typically studs at regular centres affixed to top 
and bottom rails, often of the same material 
and section size, and sheathed on one side with 
a structural sheathing board and a breather 
membrane applied as appropriate – although 
the breather membrane may be fitted on-site. 
Insulation, internal linings, windows, doors, 
services, other membranes, etc. are typically 
fitted on site once the open panels have been 
installed.

A closed panel is typically double sheathed, 
comprising a structural frame, and typically 
studs at regular centres affixed to rails, often 
of the same material and section size, filled 
with insulation and sheathed on both sides with 
structural sheathing boards and membranes 
applied as appropriate. Closed panels may 
feature elements such as internal linings, 
joinery components, windows, doors, services, 
membranes, external cladding, etc. Closed 
panels may also be referred to as cassettes.

l Timber frame panels manufactured offsite
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Volumetric systems

Whole or part of a whole building finished 
to a three-dimensional module ready to be 
transported to site. This term is used to describe 
units prefabricated in a factory that enclose 
usable space that are typically fully finished 
internally, such as toilet/bathroom pods and 
plant rooms which are then installed within 
or onto a building or structure. Additionally, 
this can include “complete buildings” where 
the completed useable space forms part of 
the completed building or structure finished 
internally (lined) and externally (clad).

Hybrid systems

An emerging trend in offsite construction of 
blending both traditional onsite techniques with 
modular and pod systems. A combination of 
more than one system of MMC – for example 
large panel constructed flats with modular 
bathroom and kitchen pods fitted during 
construction level by level

l Models of roof elements used for student training (Zimmererzentrum, Biberach, Germany)

l Volumetric units installed on site l Hybrid pod structure
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Understanding concrete 

Concrete 

The use of precast concrete within construction 
has been long established throughout the 
UK and Europe. Precast concrete offers the 
designer a great deal of variety and flexibility 
in their design and being produced offsite 
under factory conditions provides a high 
level of quality control to the product. The 
inherent high- performance benefits of the 
concrete itself include a high thermal mass, 
a highly durable and a non-combustible 
product. By being produced in a factory the 
concrete elements are constructed in a safe 
and controlled environment and as such will 
not be subjected to the various complexities of 
a construction site. Utilising mechanical lifting 

and assembly aids the speed of construction 
whilst reducing the risk of health and safety 
hazards. The use of concrete within offsite 
and modular construction is often combined 
with other materials and methods to produce 
what is known as ‘hybrid’ construction and can 
often include some elements of more traditional 
methods integrated within the process. Early 
design freeze is a critical element in the offsite 
concrete production process to ensure the 
structures optimised design and optimised 
speed of assembly. 
Offsite concrete is available in pre-cast form 
across the full spectrum of offsite systems, from 
components to volumetric.
Pre-cast concrete components bring the 
main benefit of removing the need for ‘wet’ 
construction onsite with associated curing times, 
as well as durability and corrosion prevention.

On the other hand, concrete offsite components 
are heavy: handling of heavy components can 
be associated with health and safety risks and 
transportation issues.
Offsite concrete elements usually include only 
the concrete structure, so the remaining work 
has to be arranged and synchronised on site. 
Remote site locations can be a barrier with pre-

cast concrete panels if the infrastructure leading 
to the site cannot handle large plant. Whereas 
buildings with special security and durability 
requirements, such as prisons and highway 
infrastructure, provide opportunities for the 
application of pre-cast concrete. 

l Pre-cast concrete cladding panels
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Manufacturing process of concrete 

The three main ingredients of concrete:
• Cement 

• Aggregates

• Water 

Let us consider each individually:

Cement 

Portland cement is manufactured from calcium 
carbonate in the form of crushed limestone 
or chalk and an argillaceous material such as 
clay, marl or shale. Minor constituents such as 
iron oxide or sand may be added depending 
upon the composition of the raw materials and 
the exact product required. In principle, the 
process involves the decarbonisation of calcium 
carbonate (chalk or limestone) by expulsion of 
the carbon dioxide.

Manufacturing process of cement: 

1. The raw materials of cement are as follows: 
Limestone 75% and Clay / Shale 25%

2. Crushing and milling: The materials are 
crushed and milled into even particles

3. Blending: All raw materials are blended 
along with other ingredients such as iron ore 
or fly ash

4. Heat exchange kiln: the cement kiln 
heats all the ingredients to about 2,700 
degrees Fahrenheit in huge cylindrical steel 
rotary kilns lined with special firebrick. 
Kilns are frequently as much as 12 feet in 
diameter—large enough to accommodate an 
automobile and longer in many instances 
than the height of a 40-story building. The 
large kilns are mounted with the axis inclined 
slightly from the horizontal.

5. Clinker: The final process leaves an end 
product called clinker

6. Grinding: This is the final process where 
the clinker is ground, it is first cooled down 
to atmospheric temperature. Grinding of 
clinkers is done in large tube mills. After 
proper grinding gypsum (Calcium sulphate 
CaSO4) in the ratio of 1-4 % is added for 
controlling the setting time of cement. Finally, 
fine ground cement is stored in storage tanks 
from where it is drawn for packing.
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Chart 1: Major constituents of portland cement can be illustrated in the chart below:

Strength development of cement 

Development of each constituent are as follows:

• C3S exhibits rapid short-time strength 
development and subsequent gradual 
strength increase for at least 1 year

• The initial strength development of C2S is 
sluggish, yet the strength increases gradually 
for at least 1 year and reaches reasonably 
high final values

• The strength of hydrated C3A is very low 
even after 1 year of hydration

• C4AF exhibits a rapid short-term strength 
development but only a very moderate 
strength increase, or even a moderate 
strength decline later on

Cement for concrete production

To economically use cement in concrete 
production there are various ways of altering 
the properties of it, the two most are:

1. Alter the fineness (since the reaction with 
water takes place on the surface of the 
cement particles, by increasing the fineness, 
we increase the surface area and hence 
speed up the reactive process)

2. The other is to make additions to the raw 
materials of cement, which can give a variety 
of alternatives

Common materials added to the raw cement to 
make a composite material for concrete:

• Fly ash is the fine ash produced at coal-fired 
power plants that develops cementitious 
properties when mixed with cement and 
water. Fly ash is also used to improve 
workability of fresh concrete and reduce 
water demand, shrinkage and permeability 
of the finished product.

• Ground-granulated blast-furnace slag (GGBS) 
is obtained by quenching molten iron slag (a 
by-product of iron and steelmaking) from a 
blast furnace in water or steam, to produce 
a glassy, granular product that is then dried 
and ground into a fine powder.

Compound Cement notation Properties

Tricalcium silicate C3S Rapid hardening giving early strength and 
fast evolution of heat

Dicalcium silicate C2S Slow hardening giving slow development 
of strength and slow evolution of heat

Tricalcium aluminate C3A Quick setting which is retarded by 
gypsum. Rapid hardening and fast 
evolution of heat but lower final strength. 
Vulnerable to sulphate attack

Tetracalcium aluminoferrite C4AF Slow hardening, creates grey colour
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Cement compositions 

Cements are grouped into five main cement 
types as follows: 

1. CEM I Portland cement 
2. CEM II Portland-composite cement 
3. CEM III Blast furnace cement
4. CEM IV Pozzolanic cement 
5. CEM V Composite cement

Aggregates

Aggregates form a major component of 
concrete, typically approximately 80% by 
weight in cured mass concrete. Aggregate 
properties, including crushing strength, size, 
grading and shape, have significant effects on 
the physical properties of the concrete mixes 
and hardened concrete. 

In addition, the appearance of visual concrete 
may be influenced by aggregate colour and 
surface treatments. Aggregates for concrete 
are normally classified as lightweight, dense 
or high density. Standard dense aggregates 
are classified by size as fine (e.g. sand) or 
coarse (e.g. gravel). In addition, steel or 
polypropylene fibres or air/gas bubbles may 
be incorporated into the mix for specialist 
purposes.

• Normal density aggregate: Granite is the 
most common aggregate for normal high-
grade concrete, it may come in a variety of 
colours and shapes depending on where it 
has been quarried from. The colour of the 
stone is dictated by the constituent minerals 
found in it such as feldspar, quartz and mica 
crystals – usual density between 2250-2450 
kg/m3

• High-density aggregates: Barite and 
magnetite are the most common aggregate 
for high-density high-grade concrete and 
can reach a concrete density double that of 
granite – usual density between 3000 and 
5000 kg/m3 

• Low-density aggregates: Exfoliated 
vermiculite is used where densities below 
2000 kg/m3 are required appropriate 
lightweight concrete must be used

Concrete additives 

There are three ways in which we can alter the 
consistency of concrete:

1. Increase water content: But with the obvious 
reduction in concrete strength.

2. Alter the mix proportions: By increasing the 
water and cement in proportion to keep 
the w/c ratio the same, but larger in the 
context of paste to aggregate ratio (hence 
lubricating the mix).

3. Introduce an admixture: In this case 
plasticisers, although a variety of other 
options exist for varying Reasons.

Concrete Admixtures 

Commonly used concrete admixtures:

• Air-entrained admixture: This employs 
billions of microscopic air cells per cubic 
metre within the concrete. These air pockets 
help relieve pressure and aid the concrete 
from frost action.

• Water-reducing admixtures: Used to 
reduce the amount of water within the mix to 
make it workable. Will reduce the required 
water content by up to 10%

• Retarding admixtures: This will reduce 
the initial setting time of the concrete mix

• Accelerating admixture: This will speed 
up the initial setting time of the concrete mix



34

Performance of Concrete

The design of precast concrete elements for use 
in construction utilises proven high-quality and 
reliable methods to produce an adaptable and 
durable material. Concrete is a durable and 
hard-wearing construction material with high 
structural performance and relatively free from 
maintenance. 

The mix design is specific to each element and 
end use of the concrete and made with a high 
level of expertise in a factory environment, all 
products go through rigorous quality control 
checks and samples can be made for the 
client to test during the design phase. The 
offsite manufacturing of concrete allows for 
the casting of elements to high tolerances by 
using standardised quality control systems not 
capable within the traditional sector.

Concrete is a non-combustible material and 
inherently fireproof, it reduces the spread of 
flame in a fire unlike other materials. It does not 
need alterations and additional fire protection 
technology once assembled onsite. 

The variety of the design mix process can 
widen the scope for the products end use, 
being able to be adapted from all types of 
ground conditions and weather. A great 
scope for variety of shape and form can be 
produced and tailored to the needs of the 
specification, this room for creativity aids in the 
design process whilst the easy reproduction 
of units can reduce the costs of any project. A 
wide variety of finishes can be achieved from 

traditional concrete to more modern ones such 
as synthetic stone, ceramic and terracotta, 
brickwork and others to resemble that of 
traditional or modern construction.

Energy efficiency can be achieved easily 
within concrete structures due to the high 
level of thermal mass, this in turn allows for a 
reduction in the heating and cooling needs of 
the structure and a far more controlled internal 
environment. 

Understanding Timber

Timber     

In prefabricated construction / element 
construction, wood is used as a structural 
building material.

Timber offsite products are available in the 
form of sub-assemblies, panels, engineered 
timber products and volumetric units. Timber 
can be used structurally for wall, floor and roof 
construction and non-structurally for internal 
partitions and  internal and external finishes.  

Two of the main benefits of offsite timber 
construction are its high environmental 
credentials, such as carbon capture and its 
good performance in terms of air- tightness. 

In addition, engineered timber products  
such as Cross-Laminated Timber (CLT) and 
Glue- Laminated Timber (Glulam) provide 
opportunities for building increasingly tall and 
complex buildings across market types.

l Cross Laminated Timber (CLT) module assembly
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Special attention needs to be taken when 
designing with timber because of its natural 
properties, which can result in differential 
movement due to changes in its moisture 
content. Fire regulations prescribing the use of 
non-combustible materials can be a barrier to 
the use of offsite timber systems. 

Either in the timber frame construction method 
as elements with a square or rectangular cross 
section (panelised systems, post and beam) or 
as solid, laminated beams or panels for mass 
timber  construction methods.

In the timber frame construction, the frame 
elements are sheathed with boards and the 
cavities or ‘stud bays’ are insulated. In typical 
mass timber construction methods, one side is 
insulated, and the inside can also be left visible. 

Timber frame construction is widespread 
in parts of the UK and Germany because 
companies can readily produce elements 
themselves and thus have a large added 
value and vertical range of manufacture in the 
company. Mass timber elements are purchased 
from a manufacturer and only need to be 
assembled. This makes it possible for companies 
without factories to sell timber houses. l Timber as a building material for wall elements  

  (CCG OSM, Glasgow, Scotland)
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Manufacturing Processes of the Raw 
Material

Tree felling process 

The forester decides which trees are felled and 
which are left standing. When selecting trees, 
he makes sure that enough light falls on the 
forest floor so that new trees can grow back. 
Forest workers fell the selected trees by hand 
with a chainsaw or with specially developed 
machines. The logs are dragged out of the 
forest to the next path and stored there, for 
example with winches. Trucks pick up the logs.
In 2012, 4.7 million m3 of wood was harvested, 
of which 67 % was coniferous and 33% 
deciduous. The leader of the conifers is spruce 
with a share of 44 %. The deciduous trees are 
led by beech with a share of 19 %.

Sawmill

In the sawmill, the bark is removed from the 
tree trunks, and they are sawn into sections. 
They are then sawn into boards, beams or 
battens and stacked to dry: the living trunks 
of some types of wood consist of over 60 % 
water. After felling, the water in the cell cavities 
escapes and the wood still contains about 30 % 
water. In the sawmill, the wood is further dried 
outdoors or in drying chambers. This renewed 
drying process leads to a reduction in the 
volume of the wood - it shrinks.

Furthermore, the shape of the wood changes 
as it shrinks to different degrees in different 
directions. Experts call this process “warping”. 
The side boards bend more than the core board 
from the middle of the trunk

Wood products 

Wet wood swells, dry wood shrinks and warps. 
Grown wood usually has wood defects, such 
as knots or rise. To circumvent these negative 
properties, artificial wood materials are 
produced.

Chipboard 

Chipboard was invented in Germany in the 
1930s and first produced industrially by the 
Swiss company Novopan in 1946. Chipboard 
consists of chips from wood residues, forestry 
waste or used wood. The chips are pressed 
into boards at high temperatures and with the 
addition of adhesives. Since the chipboard 
should have as smooth a surface as possible, 
it consists of two different layers: a top layer 
of fine sawdust or planing chips and a middle 
layer of coarser chips.

Chipboard has the following properties: 
-Chipboard is inexpensive, strong and 
dimensionally stable, but swells strongly when 
wet: Chipboard can be drilled and sawn well, 
but is difficult to mill.-Chipboard is less strong 
than grown wood, especially at the edges: the 
edges break relatively quickly.-Chipboard is 
mainly used in furniture construction and for 
wall and ceiling panelling.

Oriented Strand Board (OSB)

Coarse chipboard consists of long, fine wood 
chips. The production process is basically 
the same as for conventional chipboard. The 
main difference is that the wood chips in 
coarse chipboard are aligned: about 70 % 
of the chips run in the longitudinal direction 
and the remaining 30 % in the transverse 
direction. Coarse particle boards have the 
following properties: Coarse particle boards 
have a higher bending capacity compared to 
conventional particle boards due to the aligned 
chips: Coarse particle boards are mainly used 
in timber construction, interior construction or 
for concrete formwork. Manufacturing Process 
of OSB - Werksbesichtigung OSB-Produktion - 
YouTube
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Plywood
 
Layered materials consist of individual layers 
that have been glued together to form 
thicker boards. A distinction is made between 
veneer plywood (i.e. colloquially plywood), 
blockboards and cross-laminated timber (e.g. 
three-layer boards).

Plywood (veneer plywood) As early as 1797, 
the Briton Sir Samuel Bentham registered a 
patent for the manufacture of machines for 
veneer production. In this patent he described, 
among other things, how several veneers 
(wooden boards) can be glued together to 
form a thicker board. Plywood consists of an 
odd number of veneers that are laid crosswise 
on top of each other and glued together under 
pressure. The crosswise glueing prevents the 
wood from working unhindered and improves 
the bending properties. Plywood boards with a 
thickness of 15 mm or more or with nine layers 
or more are also called multiplex boards. 
Plywood has the following properties: Plywood 
is inexpensive, strong and dimensionally stable.

Fibre boards

Fibreboard consists of fibres from wood waste. 
The fibres are glued together under pressure 
to form boards. Depending on the pressing 
thickness used, the fibre materials are called 
differently: hard fibreboard (HDF), medium 
density fibreboard (MDF), or light fibreboard 
(LDF). In schools, mainly medium-density 
fibreboard is used. It originated in the USA 
and only spread widely in Europe at the end of 
the 1980s. MDF boards have the same density 
everywhere and have a fine surface. MDF 
boards are inexpensive, hard and can be easily 
machined. However, they are not suitable for 
outdoor use.

Semi-finished products

In the sawmill, the tree trunks are sawn to 
size so that as many parts as possible can be 
used optimally. Depending on the type of cut 
and size, different semi-finished products are 
produced. 

Planks and boards

First, the bark (the outermost layer) of the tree 
trunks are sawn off. The wood underneath 
is sawn into boards and planks. A plank is 
said to be thicker than 40 mm. Laths, squared 
timber and beams Laths are narrow boards 
that are between 3 and 16 mm thick and less 
than 80 mm wide. Squared timber consists of 
sawn timber with a maximum thickness-to-width 
ratio of 1:3. Example: A 4 cm thick squared 
timber may be a maximum of 12 cm wide. If the 
squared timber is wider than 20 cm, it is called 
a beam.

Profiled boards, strips and bars

Numerous profiled boards, strips and bars 
are available in the trade. Profile boards are 
boards with grooves on the sides. For all profile 
semi-finished products, the profile (i.e. the 
shape), is specially designed for the respective 
purpose.

Glued laminated timber

Glued laminated timber (BS timber, or BSH 
in German), also often referred to as Glulam 
(GLT), glued laminated timber or glued beams) 
refers to timber made of at least three layers of 
boards and glued in the same fibre direction. 
They are mainly used in timber engineering; i.e. 
for static loading. Trusses made of glulam are 
called glulam trusses or glue laminated trusses.
Veneer strip lumber is the term used to describe 
glulam beams that have been made from 
fine veneer strips. When vertical layers of 
boards are glued or nailed together to form 
flat construction elements for the production 
of walls and ceilings, these are referred 
to as board stacks. If several flat layers of 
boards are glued together crosswise to form 
flat construction elements, this is called cross 
laminated timber.

Wooden boards are technically dried, planed 
and then joined lengthwise by finger-joining to 
form so-called lamellas. These board lamellas 
are then glued together to form squared timber 
of various dimensions and finally planed again. 
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In between, the wood moisture is measured 
with an electronic wood moisture metre, which 
in turn is checked by the kiln-drying test.
Solid wood is used for the production. As a 
rule, glulam is always made from one species 
of wood. Mostly spruce, fir, pine, larch or 
Douglas fir woods are used. Other softwoods 
are rather uncommon. With the exception of 
poplar, which is common in France, hardwoods 
are not commonly used for load-bearing 
purposes at present, as they are not permitted 
by building regulations in most European 
countries. However, studies with oak and beech 
wood show their basic suitability when the 
boundary conditions for production and use are 
observed.

The glued joints of glulam must be produced 
with special care. The manufacturers of glued 
products must have a glue approval (proof of 
suitability of load-bearing timber components) 
comparable to the welding certificate in steel 
construction. Prerequisites include suitable and 
heatable manufacturing rooms as well as skilled 
personnel and comprehensive experience in 
the field of glueing. BSH products are subject to 
continuous self-monitoring and regular external 
monitoring. The adhesive joints are very thin 
and the proportion of adhesive in the finished 
product is less than 1 percent. The production 
takes place in different qualities in terms of both 
optical and static properties.

Generally, straight standard goods are 
produced. However, glulam can also be used 
to produce a wide variety of wooden parts, 
including multi-axially curved parts. To avoid 
deformations, the last layer is glued on the 
other way round so that the core side (right 
side) faces outwards. Since glulam is made 
from dried wood and is multi-layered, cracking 
occurs to a much lesser extent than with solid 
wood. This makes glulam beams ideal for open 
roof constructions in residential buildings or for 
other purposes where the unavoidable cracking 
of solid wood is undesirable.

The strength of wood, unlike that of steel, does 
not depend on temperature, and the wood 
burns slowly from the outside in the event of 
fire, forming a protective layer of charcoal 
on the surface. Therefore, the load-bearing 
capacity can, if necessary, be maintained for 
longer than with steel beams, for example. 
Since glulam is manufactured from pre-sorted 
and defect-free timber, load-bearing capacities 
can be achieved that are not attainable with 
solid timber of the same cross-section.

Larger cross-sections are possible than with 
solid wood. The only restrictions on the 
dimensions of glulam are the size of the 
planing machines, the production rooms or for 
architectural reasons. The possibility of curving 
the individual lamellae before glueing allows 
the production of attractive beam shapes. In 
addition to beams with single curvature, double-
curved and twisted shapes are also possible.
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Solid structural timber (German-specific)

Solid structural timber is a term for refined 
sawn timber. In this process, pieces of squared 
timber are glued together on the face side 
by means of wedge-shaped galvanisation. 
The combination of letters KVH is a protected 
product designation for special construction 
timber with defined quality properties that 
exceed the requirements of DIN 4074, in 
accordance with an agreement between the 
Association of German Master Carpenters 
(BDZ) and the Überwachungsgemeinschaft 
Konstruktionsvollholz e.V. (Association for the 
Supervision of Solid Construction Timber).

Solid structural timber is divided into 
assortments for visible installation (KVH Si) and 
those for non-visible installation (KVH NSi). 
In the case of the former, the demands on the 
optical surface finish are increased once again.

The increased requirements compared to 
standard construction timber relate in particular 
to the following criteria:

• Wood moisture: KVH is supplied with a 
defined wood moisture of Ω = 15 ± 3 %. 
Since this moisture content is close to the 
equilibrium moisture content to be expected 
in the installation state, the probability of 
subsequent deformations is minimised.

• Type of incision: The formation of shrinkage 
cracks is reduced by “heart-separated” (if 
desired also “heart-free”) incision.

KVH is available in longer lengths (up to 13 m) 
than usual construction timber, as an extension 
is possible by means of finger-jointing. 
Spruce, fir, pine, larch and Douglas fir are the 
approved wood species for KVH.

In addition, for dimensions from 12 cm width, 
double or triple glued beams, so-called DUO 
or TRIO beams, are produced. This is done for 
reasons of dimensional stability and to avoid 

difficulties with core drying of larger cross-
sections.

Solid timber (for structural use)

There is a great deal of variation in the physical 
and mechanical properties of timber, so in 
order for it to be utilised for structural purposes, 
some key properties must be assessed to ensure 
building safety and economic use of material.

Timber  for structural use must be strength 
graded, to give a basic prediction of its 
structural performance. Strength grading may 
be undertaken either visually or by machine 
grading in accordance with EN 14081 Timber 
structures. Strength graded structural timber 
with rectangular cross section.

The characteristic properties of the timber 
determines the strength class, which is a grade 
with associated numbers for strength, stiffness 
and density for design use. The strength class 
is typically specified with reference to EN 338 
Structural timber - strength classes. 

Different species and grades are grouped into 
strength classes of similar strength for softwoods 
and hardwoods. The most common strength 
class for softwood for construction are C16 and 
C24. Hardwood strength classes are prefixed 
with a ‘D’ and range from D18 to D40. There 
may be strength classes for specific products; 
e.g. TR26 for trussed rafters.

Structural timber is available in different grades 
and standard section sizes. 



40

Trussed rafters

Modern trussed rafters or simply ‘trusses’ are 
individually designed prefabricated structural 
components made from strength-graded timber 
members of the same thickness, joined together 
with punched metal plate connectors. 
Individual trusses and entire roofs are 
designed using bespoke design software and 
commonly manufactured in a factory, produced 
consistently in multiples. Trusses provide a 
structural framework to support the roof fabric 
of building, room ceilings and, in some cases, 
floors.

Trussed rafters replace the ‘common rafter’ in a 
traditional or ‘cut’ roof, hence the term ‘trussed 
rafter’. 

In addition to roof systems, trusses can be 
formed to act as support to floors, scaffolding 
systems, bridges and overhead gantries. Truss 
systems can also be used to provide bracing 
and stability in both the horizontal and vertical 
plane in shear wall systems for example. 
Trusses are the most commonly used method for 
forming the roof structure. 

A typical roof truss comprises a bottom chord, 
top chords and webs, connected with punched 
metal connector plates. Trusses are typically 
delivered to site as prefabricated components 
and installed on to the wall plates at regular 
centres. 

The roof structure may be constructed at 
ground level and craned in to position on top of 
the upper storey walls. 

l Trussed rafters
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Cross laminated timber

Cross laminated timber (CLT, XLAM, BSP), 
which may also be referred to as multi-layer 
solid wood panels, cross-ply timber, cross-
ply solid wood and, in timber engineering, 
thick wood,  is manufactured using typically 
finger-jointed boards or ‘lamellae’ arranged 

in perpendicular layers, bonded with adhesive 
under compression using a mechanical or 
vacuum press to form panels, which can be 
cut to size and shape, with openings, service 
holes channels and such like cut in to them. 
This differs from Glulam where all layers are 
arranged lengthwise to the grain. 

Dowel laminated timber

Dowel laminated timber (DLT, Dowel-lam, 
Brettstapel) is fabricated from timber boards or 
‘lamellae’ stacked on top of one another and 
fixed using hardwood timber dowels, driven 
perpendicularly to the lamellae. DLT relies 
upon the hardwood dowels being dried down 
to a moisture content lower than that of the 
(softwood) lamellae and as the lamellae and 
dowels approach equilibrium moisture content 
the dowels expand and lock the lamellae 
together

Nail laminated timber

Nail laminated timber (NLT, Nail-lam) is a 
‘stacked plank’ system where layers of lamellae 
are laid up, one on top of the other in the same 
orientation, and fixed in sequence using steel, 
aluminium or timber nails to form panels.

l Cross Laminated Timber (CLT) and Nail Laminated Timber (NLT) construction
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Nailed cross laminated timber

Nailed cross laminated timber (NCLT) 
comprised at least 2 layers of timber boards 
or ‘lamellae’ which are laid up such that 
subsequent layers are oriented at different 
angles, perpendicularly, or diagonally, then the 
layers fixed crosswise, from either one or both 
sides, using steel, aluminium or timber nails. 

Laminated veneer lumber

Laminated veneer lumber (LVL) is manufactured 
from thin timber veneers, typically 3mm thick, 
which are bonded together using adhesive 
under compression, to form beams and panels. 
Timber veneers can be laid up so that the 
direction of their grain runs parallel and/
or perpendicularly to the main span of the 
member.

I-joists

An I-joist is a composite engineered timber 
joist of a similar cross section profile to steel 
I-beams and typically comprises solid timber 
or Engineered Wood Product (EWP), most 
typically laminated veneer lumber (LVL) or 
solid timber top and bottom flanges bonded 
in parallel to a web of wood panel material 
such as OSB or hardboard though I-joists with 
corrugated steel, LVL or solid timber webs are 
available yet less common. 

The web is typically inserted in to grooves in 
both flanges and glued. I-joists are typically 
used as joists, studs and rafters for floor, 
wall and roof applications. I-joists can be 
used for domestic, commercial and industrial 
applications. I-joists may be used as a core 
component of floor cassettes, wall panels and 
roof cassettes assembled offsite. 

l I-Joist and LVL floor cassette assembly
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Open web beams

An open web beam is a composite engineered 
joist and typically comprises solid timber top 
and bottom chords plated together in parallel 
with punched metal webs pressed in to the 
chords, though open web beams with timber 
webs plated to the top and bottom chords or 
similar are available yet less common. 

Open web beams are typically used as 
joists, studs and rafters for floor, wall and 
roof applications. Open web beams can be 
used for domestic, commercial and industrial 
applications. Open web beams may be used 
as a core component of floor cassettes, wall 
panels and roof cassettes assembled offsite. 
Open web beams and I-joists share a number of 
advantages. 

Structurally Insulated Panels (SIPs)

Formed using a rigid core of rigid insulation 
adhesively bonded between two sheathing 
elements. The rigid foam is commonly 
expanded or extruded polystyrene (EPS) 
or urethane (PUR or PIR) but can be other 
products. 

Structural sheathing boards are adhesively 
bonded to a rigid foam core. Rebates are left in 
the core material to accommodate connection 
details, typically splice connections. 
Openings should be designed for during 
construction with panels fabricated to allow a 
frame to be incorporated into the panels where 
necessary.

l Open web joists

l SIPs
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Spruce three-ply panel

According to the same principle as with 
veneer plywood, a high dimensional stability 
is achieved by the cross-laminated construction 
of at least three layers: each layer of wood 
prevents the dimensional change of the 
neighbouring layer lying at right angles to it, 
which occurs with single boards due to changes 
in the wood moisture content.

The electromechanically properties of cross 
laminated timber, i.e., its vibration behaviour, 
can be strongly varied by the choice of wood 
species, wood quality and the thickness of the 
individual layers. The surface quality of the 
cross laminated timber boards can also be 
individually designed. As a rule, the boards 
are produced in non-visible quality. For panel 
surfaces in visible quality, a corresponding 
design of the top layer (face layer) is required. 
Depending on the properties, top layers are 
available in a self-supporting or non-supporting 
design. Boards with three to seven layers and 
a total thickness of up to about 50 centimetres 
are common in the trade.

The tensile strength of cross-laminated timber 
boards is about 1.0 kilonewton per square 
centimetre, the bending strength slightly higher 
(about 1.1 kilonewton per square centimetre). 
The burning rate, which is important for fire 
protection, is about 0.7 millimetres per minute.

Today, cross laminated timber is usually 
produced industrially. Usually, boards made of 
dry coniferous wood are used as raw material 
for the individual layers. These are bonded 
together almost rigidly by glueing with e.g., 
formaldehyde-free polyurethane adhesive. 

Alternatively, more flexible mechanical 
fasteners such as nails or wooden dowels are 
used. The typical structure of a cross laminated 
timber board is made with board layers, or 
single-layer boards oriented at right angles to 
each other. It is also possible to align the board 
layers at an angle of 45 degrees.

The starting material for the production of 
cross laminated timber panels is rough sawn 
boards. Mainly sideboards are processed, 
i.e., relatively narrow boards from the edge 
zones of the sawn tree trunk. These qualities 
are considered inferior wood because of their 
limited uses, but they have the best properties 
in terms of stiffness and strength.
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Understanding Steel 

Steel 

Offsite steel components are available in 
many shapes and forms; thanks to its structural 
performance, steel is particularly suitable for 
large-scale projects where large spans need to 
be covered. Special attention has to be taken 
when considering the length of the offsite 
components since their transportation can 
become a challenge. 

Offsite steel construction is a ‘dry’ method 
of building, which results in a clean work 
environment and a quick onsite assembly. On 
the other hand, components cannot be easily 
modified on site in case the components don’t 
align with the tolerance requirements of the 
system. 

Steel has a high thermal conductivity, therefore 
detail design and insulation installation need 
to be particularly accurate in order to avoid 
thermal bridging. Also, corrosion is a risk that 
needs to be considered. 

Steel frames have a high strength to 
weight ratio which makes it ideal for offsite 
manufacture. Modular steel buildings can be 
detailed to achieve a range of building forms, 
low-rise buildings may consist purely of the 
assembled modules with the weight transferred 
down the corner posts of each module or in 
larger, more complex projects, the modules 
may be assembled onto a primary structure or 
around a service core. 

While steel components are used across 
the construction industry, we will focus on 
modular steel applications that are typical 
to a broad range of uses and that can be 
easily transported, approx. 3.6m x 8m. 
This unit size is familiar to housing, hotels, 
student accommodation and temporary office 
accommodation. 

It is less common to see panelised systems 
made from steel, instead steel modules tend to 
be fully enclosed volumes with all four walls in 
place or open sided modules that can be next 
to other open sided modules to make larger 
spaces. 

Relevant standards include the Eurocode 3: 
Design of steel structures (https://eurocodes.jrc.
ec.europa.eu/showpage.php?id=133) and BS 
EN 1090-1:2009.

Manufacturing Processes of the Raw Material
Steel – Blast Furnace: The blast furnace uses 
coke, iron ore and limestone to produce pig 
iron that is converted into Steel
Steel – Electric Arc Furnace:The electric arc 
furnace can recycle steel old steel into new 
steel.  

Sustainable options: The process for making 
steel is dependent on coal to achieve the high 
temperatures required but it is one of the few 
materials with a truly closed recycling loop. 
Once made steel can be used again and again 
without any loss of quality or strength. The 
industry is trying to find ways to mitigate the 
carbon required in the processing of the raw 
materials and in the recycling of steel. 
Tata Steel, one of Europe’s largest steel 
producers is investing is a portfolio of initiatives, 
with the aim of producing Net-zero steel by 
2050, these include: 

• Hisarna – New process being scaled up by 
2030, 20% carbon savings 

• Carbon Capture Usage and Storage, 80% 
carbon targets 

• Exploring if hydrogen can be used as an 
alternative to coal 

• Increased circularity and increased usage 
of Electric Arc Furnace technology over the 
carbon intensive blast furnace. 
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Types of Steel Offsite Manufacturing 
Pods 

Three-dimensional pods are usually fully 
fitted with services such as mechanics, HVAC, 
plumbing and electrics. Normally associated 
with ventilation systems, kitchens and 
bathrooms

Volumetric systems

Whole or part of a whole building finished 
to a three-dimensional module ready to be 
transported to site.

4-sided modules

In this form of construction, modules are 
manufactured with four closed sides to create 
cellular type spaces designed to transfer the 
combined vertical load of the modules above 
and in-plane loads through their longitudinal 
walls. The cellular space provided is limited by 
the transportation and installation requirements. 
Depending on location and exposure to wind 
action, the height of buildings in fully modular 
construction is in the range of 6 to 10 storeys.

Modules are manufactured from a series of 
2D panels, beginning with the floor cassette, 
to which the four wall panels and ceiling 
panel are attached generally by screws. The 
walls transfer vertical loads and therefore the 
longitudinal walls of the upper module are 
designed to sit on the walls of the module 
below.

Additional steel angles may be introduced 
in the recessed corners of the modules for 
lifting and for improved stability. Module to-
module connections are usually in the form of 
plates that are bolted on site. Special lifting 
frames are used that allow the modules to be 
unhooked safely at height.

Partially open-sided modules

4-sided modules can be designed with partially 
open sides by the introduction of corner 
and intermediate posts and by using a stiff 
continuous edge beam in the floor cassette. 
The maximum width of opening is limited by 
the bending resistance and stiffness of the 
edge member in the floor cassette. Additional 
intermediate posts are usually square hollow 
sections (SHS), so that they can fit within the 
wall width.

Two modules can be placed together to create 
wider spaces. The compression resistance of the 
corner or internal posts controls the maximum 
height of the building, but 6 to 10 storeys can 
be achieved, as for fully modular construction.

Long modules can also be designed to 
include an integral corridor, as shown below. 
The length of the module may be limited by 
transport and site access but a length of up 
to 12m is normally practical. Use of modules 
with integral corridors can improve the speed 
of construction by avoiding weather tightness 
problems during installation and finishing work.
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Application of various automated 
manufacturing and production machines 
including robotics

The key to manufacturing a successful project 
is having the necessary skills, processes and 
equipment. Being able to automate or repeat 
certain processes with a high degree of 
accuracy is essential to offsite and modular 
manufacturing. This equipment may perform 
a similar function to a manual hand tool but 
has the capability to be programmable; e.g. 

a hand router to a CNC router bed, a chop 
saw to an optimising cross cut saw, or a nail 
gun to a Weinmann automated timber framing 
system. To be able to select the right tool for 
a job or to specify a new production line you 
should have a wider understanding of available 
technologies. Below is a list of tools, equipment 
and services that can help facilitate automating 
tasks.

Chart 2: List of various automated 
manufacturing and production technologies.
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Technology 
Name

Thematic 
Group

Brief description

3D Laser 
Scanning

Reality 
Capture

3D scanners capture huge numbers of data points that denote 
where an object exists. Laser scanning is used to capture 
detailed data, providing accurate information across a whole 
site. The data it provides construction professionals is known 
as “point cloud.” That is, a database connecting points in a 3D 
coordinate system.

Lidar Reality 
Capture

A LiDAR scanner determines the distance between itself and an 
object by monitoring how long it takes a pulse of light (often a 
laser) to bounce back. It’s like radar, except instead of radio 
waves, it uses infrared light.

Unmanned Aerial 
Vehicles

Reality 
Capture

Drones in construction UAV innovation has revolutionised how 
stakeholders view their site and visualise a finished project, 
as well as enabling substantially more meticulous analysis of 
progress throughout the course of construction.

Infra-red 
Thermography

Reality 
Capture

Infrared Construction Technology has become an excellent 
tool in evaluating construction components and diagnosing 
problems that may not be visually evident (e.g. structural 
integrity; energy efficiency)

Photogrammetry Reality 
Capture

Photogrammetry is the art and science of extracting 3D 
information from photographs. The process involves taking 
overlapping photographs of an object, structure, or space, and 
converting them into 2D or 3D digital models. Photogrammetry 
is often used by surveyors, architects, engineers, and 
contractors to create topographic maps, meshes, point clouds, 
or drawings based on the real-world.

Reality 
Capture

Photogrammetry software comes in many shapes and sizes. 
Major software developers have published commercial 
solutions that are ideal for industrial and engineering 
applications. However, a number of programs are available 
for free download.

360° Camera Reality 
Capture

An omnidirectional camera, also known as 360-degree 
camera, is a camera having a field of view that covers 
approximately the entire sphere or at least a full circle in the 
horizontal plane. Omnidirectional cameras are important in 
areas where large visual field coverage is needed, such as in 
panoramic photography

Scan-to-BIM 
Workflows and 
CAD Integrations

Reality 
Capture

The scan-to-BIM (Building Information Modelling) workflow 
has enabled architecture, engineering, and construction 
(AEC) professionals to efficiently capture, design, and model 
the as-built environment, by incorporating laser scanning 
and point-cloud extraction technologies, as well as creating 
photorealistic visualisations using scanned data and the 
design model for more-informed, insightful decision making by 
conveying highly accurate and realistic design intent.
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Technology 
Name

Thematic 
Group

Brief description

Drone/UAVs Remote 
data 
capture and 
monitoring

Drones in construction UAV innovation has revolutionised how 
stakeholders view their site and visualise a finished project, 
as well as enabling substantially more meticulous analysis of 
progress throughout the course of construction

3D Laser 
Scanning

Remote 
data 
capture and 
monitoring

3D scanners capture huge numbers of data points that denote 
where an object exists. Laser scanning is used to capture 
detailed data, providing accurate information across a whole 
site. The data it provides construction professionals is known 
as “point cloud.” That is, a database connecting points in a 3D 
coordinate system.

Robotics Remote data 
capture and 
monitoring

Inspection robots that can monitor and precisely record 
measurements in areas that were previously inaccessible 
Maintenance robots that can clean and update building 
facades safely. Service robots able to lay bricks and masonry. 
Demolition robots that can dismantle building components 
safely.

Sensors Remote data 
capture and 
monitoring

Radio frequency identification (RFID) technology has been 
widely used in the field of construction. RFID technology offers 
the chance to locate materials in construction applications at 
a fast update rate and  accuracy within 1 to 2 m. RFID can be 
integrated with GPS,GNSS, Bluetooth etc.. RFID integration 
with other technologies: such as mobile devices or other 
wireless devices, because of the rising market and the lowering 
of prices of these devices. sensors can be applied for location 
positioning, tracking, progress monitoring, structural integrity 
monitoring, quality control, material management etc..

Robotic Total 
stations

Remote data 
capture and 
monitoring

A Robotic Total Station (RTS) is a Total Station that allows 
remote operation. This means you only need one operator and 
can perform far more calculations and inspections in less time 
than with a traditional Total Station.

Global Positioning 
System, GPS

Geo-Location The type of GPS survey used mostly for construction is Real-
Time GPS survey (RTK). RTK is similar to a Total Station 
radial survey. RTK surveys measure the baselines from the 
reference station to the roving receivers point The GPS (Global 
Positioning System) is a more secure and fast way to measure 
large land areas without having to waste time in determining 
the area you’re trying to ascertain. You can set out anything at 
any stage of construction: e.g. Perform initial site measurement 
and verification of original ground levels. Check finished grade 
and laid material thickness.
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Technology 
Name

Thematic 
Group

Brief description

Bluetooth Geo-Location Cellular network infrastructure to support the integration of 
GPS and GNSS technologies for construction applications

Global 
Navigation 
Satellite Systems 
(GNSS)

Geo-Location The Global Navigation Satellite System (GNSS); by its 
major applications; location-based services; construction 
Transportation Services (further divided into road navigation, 
rail navigation), equipment and surveying activities such as 
Automatic Vehicle Location (AVL), equipment tracking systems 
etc..,

Telematics Geo-Location Telematics provide real-time access to machines. Equipment 
management personnel can receive alerts via fault codes when 
something is wrong with a piece of equipment outfitted with 
electronic monitors. Equipment managers may  benefit from 
telematics data from their heavy equipment and work vehicles,  
by using the data to guide efforts in coaching operators and 
drivers to change behaviours. Fleets that reduce behaviours 
that lead to accidents can lessen the frequency (and associated 
costs) of accidents and may eventually reduce their premiums 
for insurance of construction equipment.

Internet of 
Everything (IOT)

Geo-Location IoT integrates the interconnectedness of human culture — our 
‘things’ — with the interconnectedness of our digital information 
system — ‘the Internet. The construction segment too has 
experienced the magic of the Internet of Technology. The 
technology has been applied with smart sensors that connect 
equipment, assets, and labour to facilitate efficiency, economy, 
and safety. The benefits of IoT for this industry are extensive, 
ranging from resource allocation to workforce management 
and optimal energy usage.

SMART Video/
Image
AI platforms

Artificial 
Intelligence

Artificial intelligence (AI) is an aggregative term for 
describing when a machine mimics human cognitive functions, 
like problem-solving, pattern recognition, and learning.                                                                                                                             
This platform uses AI to address risks and improve jobsite 
safety, cutting incident rates, as well as improving productivity

Machine Learning 
Platforms

Artificial 
Intelligence

Machine learning is a subset of AI. Machine learning is a 
field of artificial intelligence that uses statistical techniques 
to give computer systems the ability to “learn” from data, 
without being explicitly programmed. A machine becomes 
better at understanding and providing insights as it is exposed 
to more data. The potential applications of machine learning 
and AI in construction are vast. Requests for information, 
open issues, and change orders are standard in the industry. 
Machine learning is like a smart assistant that can scrutinise 
this mountain of data. It then alerts project managers about the 
critical things that need their attention.
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Technology 
Name

Thematic 
Group

Brief description

Deep Learning 
Platforms

Artificial 
Intelligence

Deep Learning is a subset of Machine Learning, an artificial 
neural network, created exactly just like machine learning 
but it consists of many more levels of algorithms. All these 
networks of the algorithm are together called the artificial 
neural network. In much simpler terms, it replicates just like the 
human brain as all the neural networks are connected in the 
brain, exactly as the concept of deep learning. It solves all the 
complex problems with the help of algorithms and its process. 
For example, BIM-powered field technology whereby deep 
learning can be combined with total stations, cameras, drones, 
or robots to completely automate onsite processes like scanning 
and quality inspections.
The input data would be the model that you’re building out, the 
3D model of the building, and a collection of images or images 
of the built environment. What you’re looking for are pieces 
that weren’t put in place, things that were installed incorrectly, 
but doing that all with camera and machine learning. 
Uses include: Structural health monitoring and prediction, 
Construction operations and site safety, Building occupancy 
modelling and energy prediction, among others

Biometrics Artificial 
Intelligence

Smart, Biometric Access Control Software allows tapping into 
biometric access control systems and capabilities, construction 
companies are now able to identify and drill down data to 
each individual workers surrounding HR and on site processes

Robotic Process 
Automation

Artificial 
Intelligence

RPA for construction companies is currently most relevant 
in business processes outside worksites, for those functions 
that are crucial to operations but resource intensive: 
billing, invoicing, onboarding and offboarding, database 
management, new business sourcing, supply chain 
management, etc. Innovative AI and machine intelligence 
applications can assume the burden of performing repetitive 
tasks that otherwise drain resources.

Predictive 
Analytics

Big Data Projects produce massive quantities of data, and only a small 
portion of it is being used to inform decisions. One way 
of using data, however, is becoming more advanced and 
increasingly accessible for both small and large contractors: 
predictive construction analytics. Using predictive analytics 
can help reduce risk and improve your decision making 
process. when a massive amount of data is being created 
every day. AI Systems are exposed to an endless amount of 
data to learn from and improve every day.  Every job site 
becomes a potential data source for AI. Data generated from 
images captured from mobile devices, drone videos, security 
sensors, building information modelling (BIM), and others have 
become a pool of information. This presents an opportunity for 
construction industry professionals and customers to analyse 
and benefit from the insights generated from the data with the 
help of AI and machine learning systems.
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Technology 
Name

Thematic 
Group

Brief description

Data Integration 
and Analytics

Big Data In order to take advantage of the power that data analytics 
and business intelligence can provide, you need the right tools 
at your disposal. First, an integrated construction management 
or enterprise resource planning (ERP) platform is critical. To 
streamline data analysis, data across the organisation — from 
accounting to project management to document collaboration 
to operational workflows — needs to be uniform. An integrated 
construction ERP solution can collect, store and provide you 
with tools like dashboards and comprehensive reporting to help 
you better sort and interpret data.

Cloud-based 
analytics and 
visualisation 
platform

Big Data Cloud analytics works by allowing a business to use the 
advanced data analytics tools available on cloud analytics 
platforms to analyse vast quantities of data. Businesses can 
then report and store those findings for repeat use. Cloud 
analytics offerings are typically offered as a subscription 
or pay on a volume of data or query basis. Cloud analytics 
has proven to be a faster way to gain business-critical insight 
for decision making. Advantages of cloud analytics include 
helping businesses more efficiently process and report data 
findings, enhance collaboration, and provide decision-makers 
faster access to business intelligence. A cloud-based analytics 
platform can provide a single and secure access point to data. 
Also, a cloud analytics platform improves data governance by 
giving you more granular access controls for who has access to 
what data and audit capabilities to understand who accessed 
what data.

SMART 
Materials

The applications for this “smart” technology fall into three main 
categories:
structural health monitoring (including damage detection); 
vibration control; control of the user environment (visual, 
thermal, electro-magnetic, acoustic, etc)
This technology can provide numerous benefits and 
opportunities, such as:
Offering added value through enhanced performance; 
Increased safety or to a reduction in building life costs; increase 
in modular construction techniques would allow the functional 
features to be incorporated within a factory, rather than a 
more uncontrolled construction environment. Higher occupant 
comfort and leisure; structures which stimulate the occupants 
(through colour change, for example) may be beneficial.
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Technology 
Name

Thematic 
Group

Brief description

Bioinspired, 
smart, multiscale 
interfacial (BSMI)
materials

SMART 
Materials

Materials change their properties in direct response to a 
change in the external stimuli which has occurred in the 
material’s environment. These changeable properties of the 
materials can be chemical, mechanical, electrical, magnetic or 
thermal. Changes occur directly, are reversible and there is no 
need for an external control system to cause these changes to 
occur;

Stimuli, or 
‘responsive; 
materials

SMART 
Materials

Spanning natural to artificial to reversibly stimuli-sensitive 
interfaces. BSMI materials that
respond to single/dual/multiple external stimuli, e.g., light, pH, 
electrical fields, and so on, can
switch reversibly between two entirely opposite properties. 
materials change their properties in direct response to a 
change in the external stimuli which has occurred in the 
material’s environment. These changeable properties of the 
materials can be chemical, mechanical, electrical, magnetic or 
thermal. Changes occur directly, are reversible and there is no 
need for an external control system to cause these changes to 
occur;
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Current building regulations, including  
emergent technology, government 
guidance and thermal performance.

This section will provide general information 
that applies to all construction projects. For 
your local guidance please consult your country 
specific rules and regulations.

The two Scottish handbooks below are a good 
example for typical guidance.

Scottish Technical Handbook - Domestic

Scottish technical Handbook - Non-Domestic

The Technical Handbooks for Domestic and 
Non Domestic buildings have been issued 
by Scottish Ministers, through the Scottish 
Building Standards Agency. Their purpose 
is to provide practical guidance with respect 
to the building regulations. If the guidance is 
followed in full then this should be accepted 
by the verifier as indicating that the building 
regulations have been complied with. However 
it is quite acceptable to use alternative methods 
of compliance provided they fully satisfy the 
regulations.

Planning Permission

Before undertaking (most) building projects, 
you must first obtain the approval of local 
government authorities. The rules controlling 
planning permission, however, are complicated. 
Indeed, in some instances minor development 
may be classed as ‘permitted development’ 
(i.e., does not require permission) and so it is 
always advisable to seek the advice of your 
local council on all planning matters before you 
begin.

l An architectural drawing of an offsite constructed house (Spain)

https://www.gov.scot/publications/building-standards-technical-handbook-2020-domestic/0-general/0-1-application/
https://www.gov.scot/publications/building-standards-technical-handbook-2019-non-domestic/
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There are two main controls that districts rely 
on to ensure that adherence to the Local 
Development Plan is ensured – namely planning 
permission and building regulation approval. 
Quite a lot of people are confused as to their 
exact use, and whilst both of these controls are 
associated with gaining ‘planning permission’, 
actually receiving planning permission does 
not automatically confer building regulation 
approval and vice versa. You may require both 
before you can proceed. Indeed, there may 
be a variation in the planning requirements – 
and to some extent, the building regulations 
– from one area to another. Consequently, 
the information given on the following pages 
should be considered as a guide only and not 
as an authoritative statement of the law.

Planning application

Planning application must include:
• A completed and signed application form

• A land ownership certificate — this will inform 
who owns the land and any agricultural 
holdings

• A description of the development

• A location plan, block plan and detailed 
drawings of existing and proposed plan and 
elevations

• The appropriate fee 

l Site plan
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Building standards 

They are legal requirements laid down by the 
UK Parliament that are intended to provide 
reasonable standards for the purpose of 
securing the health, safety, welfare and 
convenience of people in and around 
buildings, for conserving fuel and power and 
for furthering the achievement of sustainable 
development. 

Building warrants

A building warrant application is required 
for the erection, change of use, alteration or 
extension of a building and is also necessary 
for the demolition of a property. It is valid 
for three years and construction work cannot 
begin before the Building Warrant has been 
approved. The processing of Building Warrants 
is a major part of the work done by Building 
Standards staff.

All application forms must be accompanied 
by two full sets of scaled drawings and should 
indicate details of the proposals. A complete 
specification of building materials and method 
of construction should be included and where 
specific details of construction are required this 
should also be shown by submitting large scale 
drawings. A location plan and a block plan 
are necessary to identify where the building is 
located in relation to the surrounding area and 
indicate the site boundaries, adjacent roads 
and properties, the drainage layout and the 
position on site of the building. 

Where the proposed work involves structural 
design, e.g., steel frame, beams, lintels, roof 
structures, either structural calculations or 
alternatively a structural design certificate, 
signed by a chartered civil or structural 
engineer who is an Approved Certifier of 
Design, should accompany the Building 
Warrant application.

Building warrant application

When applying for a Building Warrant, the 
following documents are to be submitted to the 
verifier:

• Application form

• Fee (based on estimated value of proposed 
works)

• Plans (minimum of two copies of drawings)

Building warrant application plans

The building warrant plans should clearly show:

• The location and nature of your proposals 
and how they relate to adjoining or existing 
buildings.

• The type of materials and products being 
used

• The size of rooms

• The position of appliances proposed

• Drainage details, etc. 
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Site operations
Introduction

The management team are responsible for 
the various aspects of offsite and modular 
construction logistics, such as supply chain/
stores management and the development and 
optimisation of site logistic solutions. The team 
will also be required to manage goods and 
equipment at the site upon delivery and the 
movement of people.
Site communications is key success to most 
traditional projects, but with added pressures of 
‘just in time’ delivery sequences that offsite and 
modular construction relies the more emphasis 
will be put on the following:
• High level communication system for 

deliveries and their sequences via 
noticeboards, emails and possible monitor 
displays

• Site safety procedures implemented around 
the delivery of large-scale modules to be 
introduced

• Collate all site communication information 
on digital platforms for logistics management 
team access

Site assembly processes, precision and 
accuracy

On-site assembly training relies on 
understanding the joining processes, different 
methods and materials employed integrating 
the manufactured components and elements. 
This must be appreciated by a wide range of 
personnel within the construction industry, from 
skilled workers to Construction Supervisors / 
Managers.  
Understanding on-site assembly operations 
and processes and the need for a high level 
of precision and accuracy is vital. Ensure 
sequencing and programming occurs in both 
offsite manufacture and on site, and make sure 
to always allow for collaboration between site 
management and the rest of the project team.
Learn the importance of communication with 
the offsite manufacturing team and the onsite 
assembly team – this is key to project success. 
The schedule of works and project programme 
will incorporate all the usual documents, 
but a ‘just in time’ method of delivery and 
sequence of that delivery will be vital to avoid 
costly delays in assembling the manufactured 
elements onsite. 

l Site assembly of modular development
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The supervisors and skilled workers both in 
the factory and onsite will need a greater 
understanding of their colleagues’ roles in the 
project to ensure that each element is designed 
in such a way that simple onsite placement can 
be carried out without any interruption.

One of the main advantages of utilising 
offsite manufacturing is the fact that within the 
factory setting a higher degree of precision 
and accuracy can be produced. The clean and 
dry factory environment presents little risk if 
things go wrong, this along with the automated 
machinery and higher quality assurance 
create a far higher degree of tolerances. 
Understanding onsite assembly processes is 
necessary for success.

Learners must acknowledge the importance of 
the following: 

• Training on safety equipment and 
considerations when working on heights

• Understanding working machinery and safe 
use

• Identification of the different modules and 
its correct assembly, understanding needed 
degrees of tolerance/accuracy

• Understanding of the different materials and 
products employed in assembly

• Paying special attention to joinery related 
instruments and techniques, such as glues, 
plastering, cold and hot welding

Sequencing and programming for offsite 
manufacture and onsite placement

The management of schedules and programmes 
must be sequenced between offsite and onsite 
teams. Typical software for Gantt charts and 
project timelines, such a project manufacturing 
software must be understood and followed 
precisely with efficient levels of communication 
when it is known that there will be project 
slippage. 

l Site assembly of modular development
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A delay on site due to bad weather may create 
a backlog of work and rescheduling future 
deliveries may be in the best interest of the 
build quality but may lead to contract delays 
that need to be discussed with the client. 

On the other hand, an unforeseen delay to 
material arriving at an offsite manufacturing 
line, or tooling malfunctions, can delay modules 
being approved and delivered to site which 
may hold up other trades. The key is clear and 
frequent communication to best coordinate the 
delivery and accommodate changes from the 
devised plan.

On-site activities start later in the project phase. 
Learners need to appreciate the construction 

programming of offsite and modular 
construction and the emphasis on a ‘just in 
time’ delivery approach for all materials and 
elements being delivered to site for use, a good 
understanding of the  ‘just in time’ approach to 
these assembly processes is required, as well as 
a good technical understanding of construction 
activities and pre-planning. The assembly 
sequence has to be planned already in the 
production phase, so that the elements are 
also loaded in the correct assembly sequence. 
All project participants must have good 
communication skills to avoid and manage 
collisions between off-site manufacturing and 
on-site assembly.     
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Conclusion
Manufacturing is still based on traditional 
methods. However, by moving construction 
offsite, workers have a more structured, safer 
and more productive work environment. By 
working in a factory environment, less waste 
is produced and work can be done in shifts 
around the clock if demand requires it. This role 

is rich in skilled workers. All different trades are 
involved in the construction of off-site panels 
and other components. Furthermore, there is a 
need for supervisors and managers in this area 
who can observe and implement the required 
procedures to meet quality assurance criteria. 
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General Risk Assessment Form

RA Ref No: Assessor Name: Assessment Date:

Department/School?Service Area: Site/Location:

Activity/Task:

SEVERITY (S): Degree of harm which may  
be caused (including numbers affected)

1. Negligible  2. Marginal  
3. Critical  4. Catastrphic

PROBABILITY (P): Probability 
that event will occur

1. Extreme Remote  2. Remote  
3. Reasonably Probably   
4. Probable

RISK RATING (RR): Severity x Probability

1-4 Low  5-8 Low/Medium   
9-12 Medium/High  13/16 High

No: Hazards Persons at 
risk

Existing 
Controls

S 1-4 P 1-4 RR 1-16 What further 
Action is 
Necessary?
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Risk Assessment 4x4 Matrix

Severity
Pr

ob
ab

ili
ty

4 8 12 16

3 6 9 12

2 4 6 8

1 2 3 4

Risk Rating
High

Medium/High

Medium/Low

Low
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Decisions about severity
Be realistic! Almost every hazard could result in death if you take it to the 
extreme. For example, it is very unlikely that someone tripping over a cable 
in an office will die as a result of the accident. The most probable outcome 
is either bruising or, at worst, a fractured wrist. If, however, the cable 
is trailing across the top of a busy staircase, a more severe injury, even 
death,is possible. The hazard in both cases remains the same - the trailing 
lead - but because of the different location the latter is a high risk and 
would be dealt with as a priority.

The following is a scoring system that can be used:

Catastrophic - imminent danger exists, 
capable of causing death

4

Critical - hazard may result in serious illness, 
severe injury, property and equipment

3

Marginal - Hazard can cause illness or injury 
but not expected to be serious

2

Negligible - hazard will not result in serious 
injury or illness

1
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Decisions about probability
It is essential to discover how the task is actually carried out and base the 
assessment on this, rather than assessing probability based on how the task 
is supposed to be carried out.

Any control measures already in place at the time of the assessment must 
be recorded in the measures/comment column.

A typical scoring system for’probability’ is shown below:

Probable - likely to occur immediately 4

Reasonably probable - probable will 
occur in time

3

Remote - May occur in time 2

Extremely Remote - unlikely to occur 1
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