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Module Purpose: On completion of this 
module, learners will be able to demonstrate 
the knowledge and skills in Site management 
and integration for Offsite Construction, by 
understanding offsite systems and procedures 
and the logistical needs to ensure the project is 
delivered on time through correct planning and 
programming. 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 Construction and Project 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. Ongoing process 
improvement

2. Digital capture of 
onsite data

3. Organise 4D 
construction schedules

4. Current, new and 
emerging technologies

7. Understanding 
collaborative contracts

8. Understanding the 
contract role of the 
offsite manufacturer

9. Understanding the 
importance of early 
involvement of the 
offsite manufacturer in 
procurement

10. Tendering on value 
rather than cost

12. Understanding 
key health and safety 
advantages of offsite

13. Understanding key 
health and safety offsite 
challenges

14. Understanding key 
health and safety offsite 
mitigation strategies

16. Adapting to change

17. Balancing time, 
quality and health and 
safety

18. Understanding 
the importance of a 
collaborative approach

19. Organising the 
sequencing of trades

21. Understanding the 
assembly line approach

22. Understand the 
importance of quality 
control

23. Appreciate the 
different tolerances in 
manufacture

24. Apply 
standardisation

26. Understanding 
tolerances in 
construction

27. Understanding the 
importance of offsite 
logistics integration

28. Understanding the 
importance of supply 
chain integration

29. Know what 
constructability is

Role Specific 
Competencies for 
Supervisors/Site 
Managers

5. Site readiness 
surveys

Role Specific 
Competencies for 
Senior Managers

6. Understanding and 
awareness of new 
materials and building 
methods

11. Risk management 15. Ensure the team is 
versed in health and 
safety

20. Project delivery 
according to 
sustainability criteria

25. Effective 
communication

30. Undertaking 
frequent inspections
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Digital Skills and 
Data Management

When discussing innovation in the construction 
sector, as well as considering technological 
evolution in the production of materials or 
systems, it is necessary to digitise the sector 
and promote collaborative work between 
the different agents involved, from designers 
or promoters to those who work directly on 
the site. Many countries around the world 
have already incorporated tools to facilitate 
collaborative work in their processes, with 
many companies that have implemented the 
Last Planner® System (LPS) methodology 
and applied it in construction together with 
the building information modelling (BIM) 
methodology.

Historically, the construction sector has 
presented a productivity manifestly lower 
than other industrial sectors in all countries, 
regardless of their economic situation. In 
addition, the recovery experienced in the 
years prior to the pandemic has not led to an 
increase in their productivity. This is because, 
in general, the growth of construction has been 
based exclusively on factors of production, such 
as employment and idle capital, and not on the 
development of new technological processes, 
something almost impossible given the 
idiosyncrasy of this sector: a large majority of 
medium or small companies, as well as the low 
level of education of the majority of workers. 
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Even though there is an objective of increasing 
the qualifications of the sector, there is still 
a long way to go, especially in southern 
European countries. In any case, progressive 
innovation in products and materials is 
changing the construction process, demanding 
more qualifications and professional skills in 
the sector. This requires the digitalisation of the 
sector and the promotion of collaborative work 
among stakeholders, both in the early stages 
and during the execution of the works, in order 
to improve on-site management.

Currently, the BIM methodology is the most 
used, favouring the digitalisation of construction 
and facilitating the introduction of other 
innovative technologies: robotics, drones, 
augmented reality, 3D printing, and so on. 
This is giving rise to so-called Industry 4.0, or 
“Construction 4.0”, and making it possible 
to build cheaper and faster while consuming 
fewer resources. One of the keys to the BIM 
methodology is the collaborative work between 
all the agents of a process. This applies to the 
design and construction of buildings involving 
bringing together many and very different 
professionals to work in coordination on unique 
and shared data throughout the entire life cycle 
of the project.

l Digitally designed and manufactured Cross Laminated Timber structure
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Ongoing process improvement

In the design and execution of a construction 
project, the community of agents involved 
in it are basically: designers, contractors, 
subcontractors, manufacturers, suppliers, 
developer or owner, etc. All of them share 
common objectives: to construct a building 
according to the project in the estimated 
time, complying with regulations and quality 
standards and with reduced costs.

To plan collaborative work, there are different 
methods and tools. Last Planner is one of them. 
The Last Planner® System (LPS) is a production 
planning and control system for construction 
projects, based on five principles:

• The work should not begin until all the 
elements necessary for its execution are not 
available

• The performance of tasks is measured and 
controlled

• The causes of non-realization are analysed. 
In this way, the process is constantly 
improved, applying the practice of PDCA 
(Plan-Do-Check-Act) cycles.

• Maintenance of a buffer of known tasks for 
each team. Thus, if the assigned task cannot 
be performed, they can perform another 
one, thus avoiding productivity losses.

• Planning in the medium term the prerequisites 
so that the following tasks can be performed

These requirements range from stock of 
material, tools or machinery to the human 
resources that will be needed. In the 
application of the Last Planner in construction 
works, we must remember that these are 
dynamic processes so the planning system 
varies. In the LPS, the figure that corresponds 
to managers and site managers is identified as 
“Last Planner”, since they are those who best 
know the situation of the site and its problems, 
both about the tasks to be carried out and the 
human and material resources necessary to 
carry them out.

The LPS hosts weekly team meetings. In them, 
the management team of the construction 
company (i.e., site manager, managers, 
foremen and production managers, 
subcontractors) will assume the role of “last 
planner”. It is very important that in that team 
there are always, therefore, those responsible 
for each of the trades that intervene in a 
site and who know the reality of what is 
happening every week, know the personnel 
they can assign, the means they can have, the 
performance of their work teams, and they are 
valid interlocutors capable of allocating and 
guaranteeing resources so that what is really 
committed is executed.
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Apart from the LPS, there are more digital tools 
for management in construction integration and 
can vary between countries and companies. 
Therefore, as a starting point when starting a 
project, it is very important to agree on the 
same information system for all the agents 
involved. This is particularly important in offsite 
construction, as the manufacturers and suppliers 
of the various systems will draw up drawings 
and instructions in a particular language to be 
interpreted and followed precisely in the site 
integration work, between the on-site work 
(e.g. the foundation) and the offsite elements, 
something that will have to be constantly 
verified from the preliminary works to the 
delivery of the building. Therefore, it is essential 
that team meetings also have the contractors 
and subcontractors involved in the construction.

There is no single answer to digital skills 
and communications management in offsite 
construction management and integration. 
The tools used tend to vary greatly between 
countries, companies and even people within 
one and the same company. It is therefore 
very important to establish an ongoing process 
improvement information flow for the projects 
you may be working on.

As a starting point, drawings and offsite 
manufacturers’ instructions should be followed 
accurately in the site management and 
integration works. This can sound simple but in 
practice no one single person can understand 
the implications of all offsite and on-site  
systems interface from groundworks to 
handover. Suggestions from across different 
contractors and subcontractors should be 
integrated within team meetings prior to and 
during construction operations.

There are a few methods for process 
improvement which may be implemented:

• “Plan, do, check, act” 

• Kaizen (part of Lean Manufacturing)

• Process flow mapping

For the “Plan, do, check, act” method, all 
relevant team members should be involved, 
and indeed it may be decided to use process 
flow maps as part of the planning process 
to understand the offsite construction system 
better. At this stage, it is necessary to consult 
relevant standards, policies and regulations to 
ensure compliance. Getting the groundworks, 
offsite assemblers, and the finishing trades 
together will be critical for this stage. The 
“do” stage is all about implementing the 
plan – whereas the “check” stage should be 
centred on measuring performance. Likely at 
this stage, plentiful feedback from the different 
tradespeople can be given, which can feed into 
the “act” stage before re-starting the process 
improvement loop.

Kaizen is more of a management philosophy 
in which all employees are empowered to 
implement incremental improvements in the 
processes. In the context of digital skills for 
offsite management, this can mean asking staff 
for feedback on their use of software, and what 
changes they would like to see to increase the 
usefulness of the systems.
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Digital capture of onsite data

Currently, there are many software packages 
with which you can monitor the works in 
all their phases and dump the data to a 
programme commonly used by the agents of 
the process. This programme allows you to test 
how the development of the different tasks of 
the work is going, their possible deviations, the 
interferences between elements e.g. between 
the facilities and the structure.

Most of the data collection programmes 
in place start from the same idea: taking 
360° photos or videos with typically weekly 
periodicity. The data is dumped into the 
programme that, based on a digital twin, 
performs the analysis of workflows, risks, 
etc. The use of these programmes means a 
huge advance in the optimisation of time and 
resources as well as a positive impact on the 
quality of the product; now problems can be 
foreseen and, in this way, solved before they 
materialise. There is a wide variety of these 
programmes currently offered on the market, 
and some examples are given below.

First of all, we will mention the HoloBuilder 
platform. As stated on its website, the 
HoloBuilder™ platform “is built around three 
powerful workflows: Capture, View and Control 
progress—all tied together with a powerful 
Enterprise Dashboard for secure and compliant 
data management”.

Capturing the progress of the jobsite, the 
HoloBuilder’s JobWalk app guides the process 
to effortlessly capture 360° and 2D photos, 
automatically organised by project, floor plan 
and date/time”. It allows the user to view the 
site from anywhere at any time, due to the 
instant availability of the photos. Thus, the 
project is fully documented and recorded for 
photographic proof of progress. By comparing 
360° photos side-by-side with the BIM models, 
historical photos and project schedules the 
progress can be checked. The user can also 
mark-up, annotate and tag photos to better 
coordinate tasks around a single source, 
keeping all teams in sync and project  
moving forward.

Another available software called Disperse 
is used in many singular buildings nowadays. 
The use of machine vision technology helps 
construction teams manage complex projects 
effectively. Due to its ability to integrate data 
directly, this programme ensures that the team 
always has accurate construction data, backed 
by high-quality images and reports. Therefore, 
not only the real progress of the work with 
respect to what was planned can be evaluated, 
but also clear evidence of quality and 
performance week after week can be obtained.

l 3D model generated using digital capture of onsite data
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4D construction schedules

In offsite construction, projects are often 
scheduled using 4D (i.e., 3 dimensions + time) 
simulations, showing progress at key moments 
in time.

Starting from a 3D model, the work consists  
of associating the 3D objects with the planning 
tasks of the work programme of the work in 
order to obtain a complete or partial simulation 
of the construction processes of the work. The 
model will have been developed in an earlier 
phase of the project by a team specialised in 
BIM design.

On the other hand, in the execution phase 
it corresponds to the Project Manager the 
elaboration of the work programme for the 
execution of the works, being responsible  
for the fulfilment of the adequate term of the 
same. This planning can be elaborated in an 
own planning programme such as MS-Project  
or Primavera and imported into the  
4D programme or elaborated in the 
programme itself.

The simulation can be used prior to the start of 
the work, detecting possible conflicts between 
tasks and specific needs (e.g., equipment), or 
for the monitoring of the works offering a more 
global vision of the project and facilitating the 
detection of gaps.

Likewise, the programme allows us to see 
how the growth of the work advances as 
time progresses, the situation at a given time, 
etc. The user can edit videos, and track the 
progress of the work on a specific date by 
viewing the real state of the work and how it 
was the expected state. Similarly, it serves to 
detect a priori risks in the tasks, thus helping 
the elaboration of the studies and security plans 
required in the work. 

In the development of a 4D planning of the 
construction works, a series of steps will have to 
be followed:

1. Schedule Management Planning
Since in the 4D a 3D model is linked, with a 
real planning, the requirements to be requested 
from the model must be previously defined so 
that it is modelled in a compatible way for use 
in the 4D. This Management Plan will have to 
be incorporated into the BIM Execution Plan 
that is established for that specific case.

2. Definition of tasks 
As usual, the construction tasks necessary to 
execute the work will be defined. This implies 
the need for a deep knowledge of the project 
and construction in order to properly identify 
them. The tasks must be easily measurable in 
order to assess the degree of progress of the 
work and monitor the programme.

l 4D model
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3. Sequencing of tasks
The sequencing of tasks consists of identifying 
the order of execution of the different tasks and 
specifying the relationships between them. It 
will have to be reviewed once integrated into 
the 4D planning because it could be the case 
that dangerous or non-feasible situations are 
identified. 

4. Estimation of the duration  
of each task
The necessary execution time for each task 
will be estimated, based as always on the 
project measurements. To do this, the necessary 
resources will be allocated for its execution, 
with average work returns. These yields will 
be reduced with different coefficients to take 
into account weather conditions, breakdowns, 
unforeseen events, etc. Dividing the 
measurement by the reduced performance will 
obtain the estimation of the duration of each 
activity. Since the model of the building has 
been made in the BIM methodology, they can 
be obtained directly from it.

5. Schedule development
After proceeding to the analysis of the 
activities, their durations, relationships, use of 
resources, etc., a Gantt chart is generated with 
the initial planning of the work. This diagram 
will be the one to be introduced in the 4D 
software. Once introduced in the programme, 
the simulation of the execution of the work 
will be visualised, allowing to relate tasks and 
times, overlapping tasks when it is visually 
verified that it is possible, balancing human 
and material resources, etc. The 4D model is, 
therefore, the ideal tool to analyse different 
scenarios of execution of the work, to be able 
to see different simulations of execution.

l BIM collaboration software dashboard
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6. Control the Schedule
Throughout the process of execution of 
the work, the status of the project will be 
monitored, if it progresses as planned and, 
where appropriate, deviations from the plan set 
to meet the deadline will be managed. 
There is a variety of software for 4D, being 
the most predominant in the current market, 
Synchro4D and Navisworks.

• Synchro 4D: Very interesting to companies 
whose projects come from different BIM 
platforms, for companies specialised in 
execution projects, and for works in which 
planning is essential, such as large projects of 
both building and civil works

• Navisworks: For companies that work mainly 
in Revit, due to its compatibility and fluidity. 
Handles medium projects very well with 
general tasks.

To analyse a 4D construction schedule for 
offsite construction, consider some of these 
points regarding integration of the offsite 
system into project management:

• What plant and equipment will be needed for 
the construction?

• Will any additional barriers be needed to 
avoid safety risk?

• Will the path of cranes interfere with the 
local context?

• What are the health and safety implications 
of different tasks being done simultaneously 
in different areas?

• Will there be a shortage of labour at peak 
times for certain trades?

• Are all permits in place for carrying on the 
works, such as road closures to temporarily 
store offsite components?

• Will there be times when the cranes and 
other equipment are not used?

• Will there be times when trades will be onsite 
waiting for an activity to finish before they 
can start their work?

Some key points to bear in mind if you want 
to do a 4D simulation on a project you are 
working on:

• The animation does not replace the need 
for a Gantt chart or Line of Balance chart; 
rather, it represents the same information in  
a more visual, easy to digest method

• The 4D animation typically combines a 3D 
model with a Gantt chart – it is best to have 
these ready to hand at the start of putting 
together the animation

• 4D schedules are intuitive to read as they 
represent the construction schedule as a  
3D model instead of a Gantt Chart

• 4D schedules are typically done for the 
benefit of contractors, sub-contractors  
and manufacturers

• The purpose of 4D construction schedules 
creation is most often to identify high risk 
activities and reduce waste during the 
construction process such as less time spent 
waiting, less rework and fewer disruptions  
to the construction process

Metrics which you can use to monitor the 
construction operations improvement through 
4D construction analysis include:

• Time per unit

• Speed of production

• Number of conflicts or clashes

• Equipment stand-by time

• Staff idle time



14

To create a 4D construction schedule, these 
key stages can be followed and adapted to 
the software package of choice. There are 
many software packages available, including 
Autodesk Navisworks. It is also possible to 
use 4D real-time monitoring systems, such as 
Trimble 4D Control.

For a simplified 4D sequence, a 3D model 
can be drafted in SketchUp and extracted at 
different stages of the construction schedule:

• Start by combining the 3D models from 
different disciplines into a federated, or 
combined, model 

• Using a combination of manual and 
automated clash detection, resolve clashes 
between different elements

• If needed, clean up the Gantt chart and its 
Work Breakdown Structure, in order to match 
what you want to show in the 4D schedule

• Link the 3D objects of the buildings and 
equipment to the relevant parts of the 
construction schedule

• Consider adding elements such as pedestrian 
walkways, safety barriers, and access points

• Run the 4D schedule and trouble-shoot until 
the visualisation matches your construction 
schedule

• Update based on feedback from project 
stakeholders

To analyse a 4D construction schedule for 
offsite construction, consider some of these 
points regarding integration of the offsite 
system into project management:

• What plant and equipment will be needed for 
the construction?

• Will any additional barriers be needed to 
mitigate safety risk?

• Will the path of cranes interfere with the 
local context?

• What are the health and safety implications 
of different tasks being done simultaneously 
in different areas?

• Will there be a shortage of labour at peak 
times for certain trades?

• Are all permits in place for carrying on the 
works, such as road closures to temporarily 
store offsite components?

• Will there be times when the cranes and 
other equipment are not used?

• Will there be times when trades will be onsite 
waiting for an activity to finish before they 
can start their work?
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Current, new and  
emerging technologies

Throughout this module, a number of digital 
technologies have been mentioned that are 
facilitating the management of the work, 
improving yields, benefiting the quality of 
the product and reducing costs. From data 
collection, planning, timing and information 
systems common to the team, the technology 
opens up extensive fields of application in the 
sector. This digitalisation of construction works 
is also promoting a greater use of Augmented 
Reality (AR) and Virtual Reality (VR), very 
useful tools for the achievement of the work.

AR allows, where appropriate, the 
superposition of digital data to physical reality. 
For example, in the management of off-site 
construction buildings, it can be used to monitor 
the correct process on site, by supposing 
the information provided in the design with 
the actual construction, thus allowing the 
identification of discrepancies or deviations. 
It can also be used to access drawings, snag 
lists, and construction schedules on site. An 
interesting technology in AR is the Trimble XR10 
with HoloLens 2. This technology consists of a 
helmet that superimposes multiple large models, 
providing measurements between virtual and 
real environments, as well as access to task 
lists and requests for information (RFI). It also 
contains a “sequencing tool” with groups of 
models that show step-by-step construction 
sequences on site. In addition, it is equipped 
with a microphone and headphones to 
communicate within the work.

On the other hand, VR displays only the virtual 
environment and excludes physical reality. 
It is considered, therefore, more suitable for 
the training of workers for the construction 
operations of off-site projects, using it rather as 
a simulator.

l Augmented Reality (AR)
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Site readiness surveys

Site supervisors should be familiar with digital 
use for site preparation surveying for off-site 
construction projects. Today, there are many 
high-precision tools, software programmes 
and various types of equipment capable 
of processing large amounts of data and 
schematising all the information collected in  
the field to bring it to the office more easily  
and efficiently. This not only achieves  
significant savings in time, but also allows for  
a reduction in costs and effort, while minimising 
possible errors.

These advances have generated an 
improvement in the digital representation of 
plans, the reduction of costs and, above all,  
the quality of the results obtained for the 
planning and execution of works.

In addition to the usual total stations, 
the supervisor can be found with other 
technologies, such as high-precision GPS, 
digital scanner or drones.

High-precision GPS makes it easy to locate, 
locate and mark any point on Earth’s surface. 
Thanks to this, works such as levelling,  
staking, alignments and surveys can be  
carried out optimally and within considerably 
short time periods.

In reference to the digital scanner, this device 
is becoming more widely used. Digital scanners 
are capable of obtaining a lot of data thanks 
to a cloud of points generated in a three-
dimensional manner, from the measurement of 
distances and angles through a beam of laser 
light. Using a digital scanner, a surveyor will 
only need a few minutes to digitally capture  
the measurements of an entire shopping mall, 
for example.

Finally, drones allow a remote or higher view  
of the land or buildings to be scanned. There 
are drones that include a laser scanner to be 
able to make the point cloud and then dump  
it into the programme.

Once the digital site readiness data has been 
captured, it is critical to overlay it on the design 
information. The supervisor can manually check 
for conflicts or use automatic conflict detection 
with tools such as Autodesk Navisworks. If you 
choose to use the latter, it will be important to 
review in detail the possible interferences since 
it is possible that, in reality, the solutions to 
these interferences are foreseen (for example, 
the gaps in the structure for the passage of  
the facilities).
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New materials and building methods

Managers should be able to interrogate 
drawings including new building materials  
and methods, which may be used with  
offsite construction.

The understanding of different materials and 
systems available for any building project is 
very important. For offsite construction this 
is vital and the materials and systems must 
be clearly considered to suit the building 
project and method of offsite construction. By 
integrating the materials into the BIM modelling 
in all materials characteristics and data which 
relates to the specification and performance 
of a given material. This includes dimensions, 
structural resistance and fire performance.

The main types of materials used in offsite and 
modular construction are:

• Steel

• Concrete 

• Timber

The use of one or another material normally  
is linked to what is more commonly used in  
a given country/environment.

On the other hand, different types of systems 
are used in offsite construction being the 
following the most common:

2D Panelised
Two-dimensional (2D) panels are manufactured 
in the workshop with strict quality controls 
and in most cases contain part of the different 
facilities. Two-dimensional panels are much 
easier to transport, since the volumes they 
generate are much narrower than a 3D solution 
and, therefore, the cost is lowered at that stage. 
In addition, it must be considered that the flat 
package panels allow the transport of material 
for a significantly larger area so this results  
in a lower number of trips from the factory to 
the site. As for assembly, on-site assembly is 
much simpler than a traditional construction, 
but more complex than joining 3D modules, 
requiring more finishing work. As in the rest  
of industrialised construction, the foundations 
will be made in situ and will have the link 
elements provided to properly anchor the 2D 
panels. Two-dimensional panelled solutions 
offer great flexibility in the design, so they are 
very suitable for high-end residential projects, 
since they allow a high customization of the 
final product.

l Manufacture of 2D panelised components - Floor cassettes 
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3D Volumetric
The building is divided into different fully 
equipped units that are made entirely in the 
workshop, under strict quality controls and 
greatly optimising the execution time. On the 
other hand, transport to work generates a 
high cost and limits the size of the modules. 
Typically, standard modules may not exceed 
3.5m in width. If modules of a larger size are 
made, a special transport must be carried 
out. Upon arrival at the site, the modules are 
assembled together and with the foundation 
previously made in situ, then making the 
connections of the facilities with the general 
services. Special care will be taken to treat the 
joints between modules, both vertical and on 
the roof, to ensure an adequate tightness of 
the building at these points. The 3D system is 
very suitable for projects with a high level of 
repeatability, such as hotels or groups of homes 
or apartments. It is important to understand that 
this repetitiveness is not at odds with a variety 
in the final forms. Different forms of twinning 
of the standardised modules can be foreseen 
a priori so that a personalised product is 
obtained for each client.

Hybrid 2D and 3D
This option consists of using a mixture of 3D 
modules and 2D panels. Usually, the “wet 
rooms” (i.e., bathrooms and kitchen) are made 
as 3D modules, while the rest of the building is 
made of 2D panels. This optimises the process, 
improving productivity in wet areas and 
maximum flexibility in other areas. However, 
both the manufacturing process and the 
coordination of the supply chain become more 
complex, since the production and delivery of 
2D and 3D components for assembly on site 
must be planned in detail.

In summary, in offsite construction projects, 
managers will often find new materials and 
construction methods. This will involve a work 
of meticulous understanding of the graphic 
and written information regarding them. As a 
good practice, before the start of the work, 
the details regarding these new materials and 
construction methods should be brought to the 
attention of the entire team. Through several 
meetings or conferences, training will be given 
to the personnel involved, focusing on the 
manufacturer’s specifications on the storage, 
handling and installation of these new systems.

l Residential modular development under construction
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Procurement, 
tendering and 
contracts

Collaborative contracts

Similar to BIM, offsite construction contracts 
require a more collaborative approach with 
some shared responsibilities. Whether the 
offsite manufacturer is a sub-contractor or a 
main contractor, this can have an impact on  
the project.

The differences with associated responsibilities, 
liabilities and contingencies need to be 
understood.

The implementation of a new way of working 
when designing and constructing buildings has 
a direct influence on all areas that refer to this 
process. Thus, the concept of collaborative 
work also extends to contracts between parties. 
Collaborative construction contracting 
mechanisms are much more effective than 
“agree to cooperate” clauses and help improve 
project outcomes, develop relationships, and 
encourage repeat business. Collaborative 
contracts often come in the form of “early 
contractor involvement” or “contractor 
management” style agreements. The key to the 
effectiveness of these new contracts lies in their 
flexibility. The level of collaboration involved 
can be adapted to suit a specific project or 
business relationship, with consequent price 
and risk adjustments.

For example, collaboration contracts can 
include any variation or combination of:

• Joint Decision-Making Body, with 
representatives of all stakeholders

• “No fault” system where the parties cannot 
be held responsible for some or all of 
the errors that may arise (this will vary 
depending on the project on which the 
contract is made).

Depending on the project on which the contract 
is made, some parties may be exempt from 
possible errors. The accounting of the work 
is accessible to all the agents involved. The 
parties can potentially share the risk and 
reward throughout the project. To do this, 
communication between them must be fluid  
and constant.

The advantages of collaborative contracts 
could be the reduction of time and costs in 
administration and management, the reduction 
of the risk of having it shared between all 
parties, as well as a more fluid communication 
due to that shared responsibility. This translates 
into better project outcomes and efficiencies 
that provide more room for innovation and 
experimentation for the benefit of the project 
and reduce the likelihood of additional costs 
arising from disputes.
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As a disadvantage, lower margins than 
expected in the first projects where this method 
of working is implemented could be indicated. 
However, that typically improves as it becomes 
habitual and the approach between the parties 
becomes more common. It also requires a 
greater dedication of time to work together in a 
collegial manner.

A key risk is that no cost savings are achieved, 
and this is often the case in small-scale or short-
term projects. There is increasing emphasis on 
the use of collaborative agreements in such 
projects, but these can be difficult to achieve 
when there is no standardised contract or 
approach to collaborative contracting.

The parties also run the risk of bearing the cost 
of another party’s negligence, inefficiency or 
defective work, with no right to seek a remedy. 
In addition, insurance cannot respond to a 
claim in the context of a “non-liability” regime. 
While personalised insurance is available, it is 
expensive.

Ideally, a project involving collaboration 
contracts should be of a size or nature that 
justifies the cost of establishing the collaboration 
framework and should be carried out in the 
context of an existing business relationship.

As for the type of format to be used in this type 
of collaborative contracts, the usual standard 
form ones do not seem to be indicated, so 
projects that seek collaboration contracts 
develop tailor-made agreements or lean 
towards models such as NEC (New Engineering 
Contract) contracts, developed by the Institution 
of Civil Engineers in 1993. The language of 
NEC contracts is clear and simple, and the 
established procedures are all designed to 
stimulate good management. The objective is 
the forward-looking collaboration between all 
those involved in the project.

Contracts establish how the relationships 
between all the organisations involved will be 
managed, from the client to the designers and 
prime contractors to all subcontractors and 
suppliers.

NEC contract versions are specific to the 
work of professional service providers, such 
as project managers and designers, prime 
contractors, subcontractors and suppliers. The 
wide range of situations covered by contracts 
means that they do not need to be altered to 
suit any particular situation.

In the case of offsite construction, external 
manufacturers often have to accept contractual 
forms used by the main contractor, especially 
when the contractual agreement is between the 
main contractor and the external manufacturer 
rather than between the external manufacturer 
and customer site. The Terms and Conditions 
(Ts and Cs) flowing down the line from the 
main contractor to the main contractor are not 
always suitable for external manufacturing.

Although at present, contracts such as the 
NEC4 provide very interesting collaborative 
work clauses for the sector, a series of 
improvements should be addressed in order to 
increase their value. Improvements can include:

• Improving innovation clauses 

• Improving early warning clauses and risk 
management clauses

• Making the contract simple and suitable for 
small projects

• Ensuring that all project participants have 
signed up to collaborate
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Contract role of the offsite manufacturer

Depending on the degree of prefabrication of 
the building being projected, the role of the 
manufacturer may vary.

In the first place there are works in which the 
prefabricated elements in the building are 
reduced at certain places in the building. For 
example, prefabricated architectural concrete 
panels anchored to a concrete structure 
also made on site can be used as a façade 
closure. Other elements such as interior walls 
or bathroom units could be understood as 
prefabricated elements. In all these cases, 
the manufacturer of these elements works 
as a supplier and, in cases such as that of 
architectural concrete façade panels, as a 
subcontractor, since it also provides specialised 
human and technical resources for its assembly. 
Thus, in collaborative contracts they will be one 
more of the agents involved, independent of 
the design of the project, the main construction 
company and other subcontractors or suppliers 
involved. This implies a lower degree of 
responsibility in the whole of the work, since 
they only have to focus on the manufacture of 
the external site products, their intrinsic area  
of specialisation.

On the other hand, there is in the offsite 
construction another series of manufacturers 
that perform the so-called “turnkey”. That is, 
they are in charge of the complete process 
from the design of the building, its manufacture 
in plant, transport and assembly on site to 
its delivery to the client. This way of working 
means that the agents that are part of the 
process are drastically reduced, reaching in 
some processes only the manufacturer as a 
general contractor, the developer and a few 
subcontractors to carry out the foundation on 
site and the connection of the facilities to the 
urban network. This type of manufacturing 
is linked more to an offsite construction of 
modular or 3D type, where the building is 
understood as a sum of different volumes 
finished inside and outside that will be joined 
with the foundation and between them on site. 
In this way the quality of the product is superior 
since almost entirely it is made in the workshop, 
subject to greater control. At the same time, 
the responsibility of the manufacturer is much 
greater since it involves almost the entire 
development of the project and has to respond 
to the multiple challenges that can occur.
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Importance of early involvement of  
the offsite manufacture in procurement

The traditional procurement method, where 
the building system and contractor are 
selected late in the process, can cause process 
inefficiencies due to rework of design to suit 
the offsite product. If the offsite manufacturer is 
consulted early on, their product and process 
requirements can be better integrated.

In any architectural project, the supply of the 
products must be planned and done so in such 
a manner that there can be no gaps where the 
execution of the building can be halted due to 
lack of certain materials or resources.

In the case of offsite construction, this planning 
management must be even greater and must be 
foreseen at the time when the project requested 
by the developer begins to be defined. It is  
at this point where the designer must contact 
the different manufacturers and, to the extent 
that he chooses one, the promoter must hire 
him. As has already been mentioned, the 

collaborative work between the parties  
includes all the agents and, in this case, the 
inclusion of the manufacturer from the origin 
in the design process is very important. The 
reasons that must move to this are: - A total 
adaptation of the project to the construction 
systems offered by the manufacturer, so that 
no discrepancies can be found at the time of 
assembly- The production in adequate time of 
all systems and offsite elements to meet the 
deadlines established in the planning of both 
time and costs.

One problem that can occur in offsite 
manufacturing is the need for the factory to 
maintain a production line with as continuous 
performance as possible. This is guaranteed 
with a portfolio of works for different projects 
underway. In this way, some offsite construction 
experts raise the possibility of customers of 
similar projects partnering with each other 
to collaboratively purchase the products 
that offsite manufacturers offer. This leads 
to a maintenance of production and a price 
adjustment in the products provided.
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Tendering on value rather than cost

The actual labour, plant and materials cost 
for an offsite product versus an onsite one 
are challenging to calculate. When tendering 
for offsite construction projects, not only the 
bottom line cost, but a more holistic value 
proposition needs to be considered: including 
quality, environmental sustainability and labour 
productivity aspects.

Usually, in the construction sector, the works 
are awarded to the construction company 
that submits the lowest bid. This fact is the 
main barrier to further development of 
offsite construction. When choosing, the 
customer forgets all the advantages of offsite 
construction: the higher quality of the final 
product due to its controlled manufacture in the 
workshop, the greater speed of its execution 
or the lower impact on the environment 
by generating less waste, among others. 
Obviously, all these advantages, in the medium 
and long term, far exceed the work on site 
although it may pose a lower cost.

Despite the difficulty of making a paradigm 
shift in customers in the construction sector, 
a series of studies have been undertaken 
over the last few years to achieve this, with 
different approaches depending on the stage 
of the project. On the one hand, Ann Bentley 
in the “Procuring for Value” report points to 
the gap between customer requirements and 
expectations at the beginning of the process 
and what the finished building actually covers. 
The gap is partly due to the acquisition of 
“race to the bottom” culture resulting in poor 
quality, risk of misunderstandings and the 
complexity of approval processes. Clients can 
use the Obtaining Value methodology and tool 
to create a custom value definition for their 
project, based on an industry-wide definition 
of value and a standard evaluation method for 
each metric with weighting attached. 



24

Risk Management

Offsite construction methods are often 
regarded as new, or novel, and with that comes 
an instant association with high financial risk. 
Managers should be familiar with the risk 
management of offsite construction methods 
and typical mitigation strategies. This can be 
critical in the tendering process.

Despite the wide variety of situations that a 
collaborative contract covers, there is always 
a risk inherent in all the activities we perform. 
A key risk is that no cost savings are achieved, 
and this is often the case in small-scale or short-
term projects. There is increasing emphasis on 
the use of collaborative agreements in such 
projects, but these can be achieved when there 
is no standardised contract or approach to 
collaborative contracting.

The parties also run the risk of bearing the cost 
of another party’s negligence, inefficiency or 
defective work, with no right to seek a remedy. 
In addition, insurance cannot respond to a 
claim in the context of a “non-liability” regime. 
While personalised insurance is available,  
it is expensive.

In the case of offsite construction, risk 
management is even more delicate. The 
industrialisation of the construction elements 
and even the entire building involves the 
use of advanced technologies and, in some 
cases, new materials. Insurance companies 
are reluctant to support everything that comes 
out of the “traditional construction” and that 
may entail in itself risks that are unknown or 
not valued. As seen in other modules, the most 
common materials used in offsite construction 
are concrete, wood and steel. The latter two 
are considered “non-standard” materials for 
the vast majority of companies. This implies an 
increase in insurance costs.

Offsite construction offers innovation 
by implementing a manufacturing mass-
customisation approach to the more traditional 
and bespoke onsite construction industry. 
Unfortunately, the word ‘innovation’ does not 
typically fare well with insurance, and indeed it 
is often directly translated as ‘risk’.

Likewise, the high dependence on the offsite 
manufacturer entails the in-depth study of the 
contracts and the risks that affect the project: 
delays in the delivery of basic components 
for its execution, closure of the manufacturing 
company without having facilitated the entire 
order. Funders should know what security 
measures are in place for such eventualities. 
Is the developer paying a big advance for 
modular components and what bonds or 
collateral does the manufacturer offer?

There are certification and part insurance 
systems that can help potential customers be 
assured of compliance with respect to the 
quality, performance and certainty of external 
products. To do this, the manufacturer’s 
history and previous work must be analysed, 
and the selected modular technology must 
be accredited by a trusted third party, 
such as the Buildoffsite Property Assurance 
Scheme (BOPAS). The developer should also 
be encouraged to hire a project manager 
who is trained in the early identification and 
management of modular risks.
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BOPAS is recognised by the principal mortgage 
lenders as providing the necessary assurance 
underpinned by a warranty provision, that the 
property will be readily mortgageable for at 
least 60 years.

An organisation and their product can become 
BOPAS accredited by completing a form, which 
is then analysed by Lloyd’s Register and BLP 
Insurance (Building LifePlans Ltd) separately 
before a decision is reached. A recent 
development that can be of use is the launch 
of the NHBC Accepts in the summer of 2020. 
This means that new homes built using offsite 
construction methods can be accredited by 
NHBC and bear the NHBC Accepts logo. This 
provides the same credibility as traditionally 
constructed new homes accredited by NHBC: 
‘An NHBC Accepts certificate demonstrates  
that an innovative system or product is already 
on site and gives confidence to your buyers  
and lenders.

If projects and products utilise timber-based 
offsite construction methods, you can also take 
advantage of the Structural Timber Association 
(STA) Assure scheme to demonstrate risk 
management to potential clients. STA Assure  
is recognised by 7 warranty and building 
control providers including LABC Warranty  
and Premier Guarantee. There are three 
levels of membership with increasing level of 
stringency in quality control such as application 
of ISO 9001 and third party audits – Bronze, 
Silver & Gold.
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Health  
and Safety

The construction industry is the largest 
contributor to fatal accidents at work  
across Europe.

Data from Eurostat in 2018 showed that  
across the 27 member states of the European 
Union, 1 in 5 fatal accidents at work took  
place in the construction sector.

Traditionally in construction, the causes of 
accidental death and injury can be  
attributed to:

• Falls

• Mobile plant and equipment

• Falling material and collapses

• Electrical accidents

• Heavy lifting

• Trips

• Ill health due to harsh working conditions  
and hazardous substances

• Noise and vibration

• Chemicals

Offsite construction however faces differing 
Health and Safety risks from traditional 
construction Methods due to the transfer of 
much of the work to a factory, making it a 
construction production process. 

To look at the health and safety risks we will 
separate the offsite construction process into 
three main categories:

• Delivery & materials

• Offsite factory production

• On site installation

EU construction work is covered by quality, 
health, safety, and environmental regulations 
and guidelines. The most relevant rules are  
set out here:

The EU Strategic Framework on Health and 
Safety at Work 2021 – 2027

In addition, further guidance can be found in:

• OHSA 18001 (ISO 45001)
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Key health and safety  
advantages of offsite

By transferring traditional construction work 
offsite into a controlled environment, there are 
many ways in which safety in the workplace 
can improve. There are several reasons for this, 
which are outlined in the follow subsections.

Delivery & Materials
There will be a reduced frequency of material 
deliveries due to the nature of the production 
line process used, therefore less congestion 
when offloading materials and reduced  
traffic in and around the construction site  
during installation.

Once delivered to an offsite manufacturing 
facility, materials are stored in designated  
and safe locations and sheltered from  
inclement weather conditions. This is opposed 
to onsite storage, when unprotected stored 
materials could cause a flying debris risk in 
severe weather.

Less materials on site, reduces risk of accidents 
due to trips and falls. In addition, as the 
majority of materials are not being cut on site, 
there is no need to deal with waste and offcuts 
which can again cause further risk of trips 
and falls, if left lying around the site or stored 
without being secured.

At an offsite facility there is permanent plant 
and equipment for the lifting and moving of 
materials, negating the need for heavy lifting 
that can often occur onsite.

Factory Production
By working in a quality-controlled 
manufacturing environment, it becomes easier 
to manage the health and safety risks. Work 
processes are designed to be carried out in 
a safe manner with the use of specialised 
equipment for high-risk activities like cutting 
and lifting. Each workstation and process are 
visible, allowing ease of supervision.

The work is unaffected by weather which can 
reduce the risk of slips, trips and falls because 
of poor weather conditions and visibility. 
In addition, working in a climate-controlled 
environment, helps the ability of the workforce 
to work in a safe and consistent manner 
unaffected both physically and mentally by  
the weather.

Working at height (and using access equipment) 
poses the highest risk on a construction project. 
The vertical working practices of many tasks 
carried out on a traditional construction project 
(many of which are at height) are converted 
to horizontal working by producing all or part 
of the work on a production line of an offsite 
facility. This work can then be carried out from 
ground level, therefore removing the risk of falls 
from height greater than 3m.

l Offsite manufacturing facility
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Taking much of the construction process 
away from sites and into a quality-controlled 
manufacturing facility is not reliant on 
temporary labour. Off-site working improves 
safety for a permanent, highly trained 
workforce and the workers are familiar with the 
workspace and environment around them due 
to the repetitive nature of the work. Training 
opportunities are increased as it is easier to 
identify training needs and deliver the training 
at the facility. This is applicable even when 
working on varying projects. It remains the 
same production line set up and as such, the 
predictability of hazards is improved as the 
workers experience increases.

Utilising specialist machinery for lifting and 
cutting reduces the risks of heavy lifting and 
equipment accidents that often occur on a 
traditional site. Workers no longer must assess 
the weight of an item before deciding if it can 
be manually lifted or not. In a production line, 
the process will have been created with the 
knowledge of the weight of all components 
and specialist lifting equipment will have been 
included at all necessary points in the process.

As part of the production process materials will 
be cut using automated equipment. This not 
only ensures that it is safer than using handheld 
or manual cutting tools, but that there is minimal 
human involvement in the cutting process at all. 
Cutting patterns will be maximised to ensure 
the least amount of waste and all offcuts either 
recycled or disposed of in a safe manner. 
The risks of trips/falls and cuts will be greatly 
reduced as sharp offcuts and site mess caused 
by waste left lying on site should not pose an 
issue in the offsite facility.

The noise level and air quality offsite can be 
carefully controlled and monitored, both of 
which can be hard to control and ensure safe 
practices are followed onsite.

l Offsite manufacturing facility
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On Site
By utilising offsite construction on a project, 
the overall time on site is reduced, because 
the manufactured elements (e.g., modular or 
panelised) are delivered to site, pre-fitted with 
any relevant mechanical and electrical fittings, 
doors and windows, internal and external 
finishes and in some cases even fixtures and 
fittings. Quite simply, the less time onsite for 
staff and labour, reduces the overall health and 
safety risks that they are exposed to.

Offsite processes can mitigate or eliminate 
some of the inherent risks of construction.

Some key factors that make offsite 
manufacturing processes safer are:

• Increased and enhanced training

• Less plant and equipment required on site, 
therefore less noise and risk of injury due to 
incorrect use equipment or failure of plant /
machinery/equipment

• Limited number of trades are required 
therefore less overlap of trades.

• Less materials, manual handling etc.

• Less requirement to work at height,  
reduced need for scaffolding.

• Reduced need for formwork and  
temporary works

• Less noise

• Less work in confined, awkward spaces,  
or on uneven surfaces

• Less slips, trips and falls

• Limited work congestion

• Elimination of weather-related factors

• Reduction in need for hot works on site 

• Improved air quality by reducing the 
production of dust, fumes, 

• Less time working in industrialised or  
polluted areas

There is also a reduction in risk to the public, 
because much of the construction and 
assembly work is carried out offsite, building 
sites become safer, quieter, cleaner and less 
disruptive, which can be a priority, where 
building projects are in the vicinity of schools, 
hospitals, public buildings and in residential 
areas. It also reduces the level of pollution in 
built-up areas.

Offsite construction methods still present health 
and safety risks. Some of the main risks are 
those related to transportation. In addition, 
challenges may be represented by the size 
and weight of modules, their lifting, the way 
they are anchored and possible unexpected 
movements during transport. With accurate 
scheduling and management of activities, 
dangerous activities and many sources of risk 
can be eliminated, reduced or controlled.

l Cross Laminated Timber 
modules being assembled on site
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The construction sector has one of the 
highest risk rates and causes one-third of 
all work fatalities in the UK. It is recognised 
that applying offsite processes can mitigate 
or eliminate some of the inherent risks of 
construction: the use of pre-manufactured 
elements can reduce exposure to physically 
damaging activities and ergonomic hazards  
on site.

The manufacturing sector demonstrated to  
be up to 6 times safer than the construction 
sector, making offsite projects, which are 
largely carried out with manufacturing 
processes, safer when compared to traditional  
construction methods. 

In addition to these inherent benefits, 
management measures can be implemented to 
further reduce the risk of accidents and injury: 
involving employees in writing procedures and 
sharing with them targets and results, increasing 
their awareness of ongoing practices and 
encouraging safe behaviours and reporting of 
near-miss incidents.

Besides the advantages of a factory-based 
construction process there are additional 
benefits regarding on site installation. Module 
assembly allows better implementation of  
health and safety measures compared to 
traditional construction.

Working at heights is reduced thanks to the 
high level of enhancement of the elements; 
noise and work congestion are limited thanks  
to the nature of the assembly work and the 
need for a reduced amount of finishing trades; 
the production of dust is reduced as well as  
the use of hazardous substances; overall  
cleanliness and tidiness of the construction site 
are easier to keep, resulting in less risk of falls, 
slips and trips.

In addition, throughout the whole process, 
the level of planning for health and safety is 
improved thanks to more controllable processes 
and better defined schedules. Lead times in 
the factory and on site, as well as storage and 
assembly areas and vehicle and pedestrian 
routes are better defined, and this benefits the 
overall health and safety of offsite projects.
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Key health and safety challenges

Although offsite construction is regarded as 
safer than traditional construction in many 
ways, there are still many Health and Safety 
risks that need to be considered.
In offsite construction there is less time spent on 
site, however, this time constructing the building 
elements has not been eliminated, it has been 
transferred to a manufacturing setting which 
poses its own specific health and safety risks.
The challenges present are also evolving as 
innovative technologies and methods are 
introduced into the process. It is therefore 
important that Health and Safety procedures 
are continuously reviewed and updated.

Delivery and Materials
As a production line is used in offsite 
construction, the materials are constantly 
required throughout the manufacturing stage 
and therefore delivered in bulk quantities 
(compared to a traditional site where there is 
less storage space, materials are delivered as 
and when required).

Due to this, the risks associated with offloading 
need to be considered.

• Risk of crashes or crushing during movement 
of materials and use of lifting equipment in 
busy loading areas

• Use of cranes

• Use of forklifts

• Defective equipment

• Damaged/sharp materials

• Slippery surfaces

• Falling objects

l First floor module being craned into position on top of ground floor module 
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Factory Production
The risks that need to be considered within 
factory production are outlined below.

Workforce Training & Experience -
As traditional construction is still the 
predominant method of construction, there can 
be a lack of expertise in offsite manufacture 
and proficiency in working on a modular or 
panelised assembly. As a result, there will 
be a limit to the worker/operator’s ability to 
recognise or identify potential hazards that may 
occur on the production line.

Even when recruiting externally, the production 
process used from one facility to another will 
differ so even those workers that become 
experienced will have to train for a new work 
environment when changing jobs.

Bottlenecks can occur in the production line if 
there is a failure of equipment or as a result of 
poor performance of a worker. This can cause 
pressure on the workers which can increase the 
risk of accidents.

All workers must be issued with Personal 
Protective Equipment (PPE) appropriate for 
their surroundings and tasks that they will 
be carrying out. There is still the risk that the 
workers may fail to wear the PPE, or it may not 
be fit for purpose and/or defective.

Falls from Height - Although the risk of 
falls from height are reduced by using offsite 
manufacturing, the hazard still exists in a 
factory setting. Many falls from height occur 
at a low height of less than 3 metres and as 
the size of the building components are likely 
to be less than 3m, the risk of falls must still be 
considered.

Equipment/Machinery Use - The use of 
equipment including machinery, hand and 
power tools can reduce the risks associated 
with manual handling, heavy lifting and cutting, 
however there are still a number of risks 
associated with working with such equipment 
such as:

• Defective equipment

• Failure of safety devices

• Electrical faults

• Fire risk

• Risk of Cuts/Crush injuries

• Falling objects

Almost 50% of all accidents that involve the use 
of power tools and abrasive wheels is however 
because of operator error or an unsafe system 
of work.
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On Site

Working at Height - During the installation 
phase, working at height can still be necessary, 
with the use of ladders, access equipment and 
scaffolding for installation and external and 
internal finishing and as such the risk of falls 
must be addressed.

Lifting Equipment (including Cranes) 
& Manual Handling - Whenever possible, 
loads should be moved by machine, however 
there are circumstances where manual handling 
is unavoidable.

As lifting operations occur on a daily basis 
during the onsite installation and placement 
of a project a variety of lifting apparatus can 
be used including mobile and tower cranes. 
The correct selection of the lifting equipment is 
imperative and must consider the size of any 
modules/panels and particular characteristics 
of the site, including location, size and site 
accessibility. The risks associated with the use of 
cranes include:

• Overturning or collapse of the crane

• Excessive load

• Contact or collision of the crane or its load 
with people and/or other plant, structures 
and power lines

• Falling of the load or objects

• Operator incompetence

• Unpredictable weather

Site Layout & Workspace - Failure to 
ensure the best layout of the site is important 
to avoid issues with impacting the moving line, 
crane radius and any potential for clashes with 
power lines.

There must be sufficient moving space, free 
of congestion to allow for safe installation of 
units, components and sub-assemblies and for 
finishing works to be carried out.

Operatives may have to carry out work, below 
the units whilst being lifted, ensure appropriate 
workspace and work safety lines, when 
necessary, as there is risk from falling objects.
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Key health and safety offsite  
mitigation strategies

Having identified the many Health and Safety 
(H&S) risks that need to be considered in 
offsite construction, it is necessary to have 
a responsible and proactive approach to 
the management of these Health and Safety 
hazards in order to reduce the risk of accidents 
and injury even further.

To maintain safety in the manufacturing facility, 
the responsibility must not only lie with the 
employer but with the employees too.

By law, the employer is responsible for 
providing a safe work environment, ensuring 
the safe working of equipment and safe 
arrangement for its use. All plants and 
machinery in the workplace must be regularly 
checked and maintained.

The employer must ensure that access 
and egress to the manufacturing facility is 
unobstructed in case of emergency.

Employers must ensure their employees are 
provided with the appropriate and necessary 
training and familiar with the Health and  
Safety policy and all safety arrangements in  
the facility.

The employees’ responsibilities must include 
cooperation with the employer on all Health 
and Safety matters, they should be required to 
follow all procedures issued and must be made 
aware that they are responsible for not only 
their own safety, but for their own actions that 
could affect others.

The best practice for mitigating the risks 
involved in each area of offsite manufacturing 
include the following:

Delivery/ Loading & Materials
Offloading materials must be carried out  
with the appropriate lifting machinery and the 
loads placed to avoid movement and falling  
of objects.

All offloading and loading activities should 
have a dedicated space within the facility.
Delivery time and loading times, need to be 
planned carefully to avoid congestion and  
a loading and unloading programme should  
be used, for example, components should  
be loaded in the reverse order to the order  
that they are required on site, i.e. the item  
that is required first should be load last and  
vice versa.

Only trained personnel should be permitted to 
operate the lifting equipment (cranes/forklifts) 
with regular refresher training required.
Regular inspection and maintenance must be 
carried out of all equipment to identify any 
defects, wear and tear. Procedures must be 
put in place for advising defects and potential 
hazards to equipment and machinery. All 
employees should be aware of the reporting 
procedure and the importance of following it.
Appropriate PPE should be worn by workers 
to provide protection against sharp broken 
objects, and strict supervision should ensure 
PPE is worn and workers trained in correct use 
of PPE and circumstances when and what items 
are required.

Working surfaces should be non-slip to reduce 
the risk of slips and falls particularly in high 
traffic areas.

l Timber frame kit components arriving on site
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Offsite – Manufacturing Process

Workforce - By ensuring the most effective 
and safe systems of work are in place within 
the production line workers will be able to 
carry out their duties efficiently, tasks can 
be completed at the right time at the correct 
workstation, meaning workers are also aware 
of what their co-worker is doing alongside 
them. As tasks are repetitive for each element, 
the chance of an accident is reduced.

Increased supervision and surveillance of the 
production line helps ensure that safe systems 
of work are being adhered to and PPE is being 
worn.

Working at Height - The first mitigating 
strategy with regards working at height is to 
implement safe working systems that negate 
the need to work at height wherever possible. 
Offsite manufacturing can mitigate much of 
the necessity of working at height by way of 
utilising a production line for the manufacture 
of prefabricated modules or panels. Activities 
that previously would have been carried out 
at height, are now completed at a horizontal 
workstation at waist height so that all activities 
are completed from ground level.

In the unlikely event that working at height 
is unavoidable and required within the 
manufacturing facility, the workforce must be 
trained in the procedures and precautions 
needed for working at height. A risk assessment 
must be prepared, all precautions that are 
required must be identified and a method 
statement produced and followed to carry out 
the work.

Within the manufacturing facility it is easier to 
ensure that regular supervision is carried out 
meaning the employer can monitor safe systems 
of work and the continual use of the necessary 
PPE.

Manual Handling - Manual handling in the 
manufacturing facility should be minimal as 
lifting equipment will be utilised to ensure that 
all materials and components are delivered in 

a safe manner to the necessary stages in the 
production line mitigating the risks associated 
with manual handling.

Equipment & Machinery Use - Employees 
that work in the manufacturing plant and 
on site should be aware of the risks related 
to the use of all equipment and machinery, 
and the additional risks related to the use of 
electricity, such as electric shock/electrocution, 
burns or fire. Such hazards arise if equipment 
is damaged, faulty or has any missing parts, 
and therefore implementing a safe system of 
work for using and maintaining equipment and 
machinery.

The safe system of work must be created in 
accordance with the manufacturer’s instructions.

All workers required to operate any item of 
equipment or machinery must be adequately 
trained on how to use and maintain each 
specific item, in accordance with the safe 
system of work and always wear the required 
PPE.

All equipment should be fitted with safety 
devices/guards where possible, and risks/
hazards clearly identified on the equipment/
machinery.

All equipment and machinery must be regularly 
inspected and maintained

Transportation - The completed modules/
panels are transported in a safe way ensuring 
the safety of operators and installation teams. 
To protect the offsite components during 
transportation, they are wrapped in a plastic 
membrane to withstand the weather and 
prevent components from damage. 

Once loaded the goods should be anchored 
to the vehicle using straps to prevent falling 
during transportation. Lifting systems should 
be provided on each of the panels/modules to 
allow them to be lifted safely. 
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Onsite – Installation Process

Lifting Equipment (including Cranes) - 
Due to the size and weight of modules/panels 
the lifting and handling operations require 
detailed planning and care. The manufacturer 
should specify how to assemble the units, 
advising what lifting machinery is the most 
suitable, which anchor points to use, in which 
order the elements should be assembled and 
the type of safety measures, PPE and mitigation 
strategies to be implemented.

In compliance with the manufacturer’s 
instructions, all the lifting and handling 
operations necessary for the assembly should 
be accurately planned. A Lifting Plan should  
be written by a person with specific 
competencies (i.e., proper training, knowledge, 
skills and expertise - suitable for the size of the 
project/lift).

The lifting plan must address any foreseeable 
risk in the work and identify the resources 
necessary for the safe completion of the job. 
Factors considered may be any or all of  
the following:

• work under suspended loads

• visibility 

• attaching / detaching and securing loads

• environment

• location

• overturning

• proximity hazards

• overload

• pre-use checking

• continuing integrity of the equipment

The level of complexity of the plan will vary 
and should be proportionate to the potential 
risks involved in the work.

Operators must be fully trained and briefed on 
the safe system of work and lifting plan. The 
machinery must be well maintained and safe 
and inspected regularly.

New technologies are now available to help 
mitigate the onsite risks of offsite construction 
offering ways to efficiently control equipment, 
schedules and overlap of trades, and can also 
be used to avoid collisions and unsafe areas.

Augmented reality can be used to simulate the 
lifting plan and highlight potential risks before 
the work is carried out on site.

Manual Handling - During the installation 
phase of the project, there may still be 
instances where manual handling/lifting may 
be required, therefore all workers should be 
trained in the correct procedure and methods 
for manual lifting activities, this includes 
assessing the weight of the object (breaking 
down components to lighter loads where 
possible) and any storage areas on the site 
should be arranged in a manner to minimise 
unsafe movements and planning the lift/
handling to minimise carrying distances.

l Coles wall panel being lowered into position on site
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Working at height - There is an increased 
requirement for working at height when the 
process moves onsite to the installation phase 
of a project. The number of instances where 
working at height is required is considerably 
less than on a traditional construction project. 
The extent of work required will depend upon 
the level of finish that has been designed onto 
each module/panel and completed offsite 
mitigating the need for finial fixing and  
finishing on site.

The improved quality of work from offsite 
manufacturing also helps mitigate the need 
for working at height by reducing the need for 
repair or revisits for snagging issues, commonly 
required on a traditional construction project.

Again, all workers must be fully trained in the 
Health & Safety procedures and precautions 
required for any situations where they must 
carry out work at height.

Even though there is great potential for  
health and safety improvements in  
comparison with traditional construction,  
offsite methods still present risks; these need  
to be carefully identified and addressed 
through risk-based regulations.

Starting from the manufacturing stage, risks 
can be related to general hazards, such 
as electricity, vehicles and lifting/handling 
operations, fire and to the functioning of work 
equipment and machinery.

Transportation of offsite elements and units can 
be a source of health and safety issues as well.

In addition to risks related to the transportation 
itself, additional challenges may be represented 
by the size and weight of modules, components 
and sub-assemblies, their lifting, the way 
they are anchored and possible unexpected 
movements during transport. Also, when 
modules exceed a certain size, additional 
safety measures for transport should be put  
in place.

Once the modules, components and/or sub-
assemblies arrive on site unloading procedures 
can bring similar risks to the ones of loading 
procedures: lifting and handling operations, 
the possible loss of balance of the load, fall of 
elements when anchors are removed. 

During assembly, lifting and handling 
operations continue to be one of the main 
sources of risk, together with the use of  
hand and power tools, the presence of 
hazardous materials and dust and work in 
confined spaces.

l Scaffolding on residential modular development

l Modules being transported to site
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Additional risks are related to the preparation 
of the site, such as the use of vibration tools 
that may cause hand-arm vibration syndrome.

Considering the entire construction process, 
the health risks that workers may incur into are 
falls and hand injuries, cuts, musculoskeletal 
disorders (MSDs) and repetitive strain injuries 
(RSIs) caused by manual handling.

The application of offsite methods offers the 
possibility to limit and control dangerous 
activities and many sources of risks can be 
avoided. With accurate scheduling and 
management of activities, a number of 
mitigation practices are applicable.

In addition to the inherent limited risks of offsite 
construction, there are a number of strategies 
that can be implemented to further improve 
health and safety. In the factory, employers 
must provide safe working equipment and 
safe arrangement for its use; machinery and 
the workplace must be regularly checked to 
guarantee everything is working as expected 
and accesses and egresses are unobstructed in 
case of emergency; employers must ensure their 
employees are provided with the necessary 
training and are well instructed on Health 
and Safety policy and corresponding safety 
arrangements in the factory.

The loading activities in the factory must 
be carried out with the appropriate lifting 
machinery and the loads placed in order to 
avoid movements and falling of elements. 
Loading activities should have a dedicated 
space within the factory and offsite elements 
should be arranged to optimise loading and 
unloading operations (e.g., goods that need to 
be unloaded first should be loaded as last item 
and vice-versa).

The transportation of elements usually is 
carried out with road vehicles such as lorries. 
Regulations on the weight and size of loads 
must be observed in the specific region of  
the site. 

Once the goods reach the site for installation, 
similar rules to the factory environment are  
put in place.

In general, the more lifting/handling activities, 
work at height, vibration and power tools  
can be limited, the better. HASPREST is a  
tool for risk management that further limits  
H&S hazards and maximises the benefits 
of offsite constructions. HASPREST provides 
strategic guidance on preassembly and 
standardisation H&S management, aid for  
risk assessment design and management  
advice for off-site operations.

Additionally, the introduction of new 
technologies is helping mitigate risks of offsite 
construction with 4D scheduling, offering ways 
to efficiently control equipment, schedules and 
interaction of trades, and avoid collisions and 
unsafe areas.

In the eventuality accidents are not avoided, 
additional arrangements must be in place 
to guarantee the damage is limited and the 
problem is addressed quickly and effectively.

First aid systems should be available on site,  
in the form of first aid kits and trained first 
aiders when necessary.
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Ensure the team is versed in  
health and safety

Managers must find effective communication 
methods with the onsite team, to ensure 
everyone is aware of the risks when using 
offsite construction methods, and the specific 
differences to traditional in-situ constructed 
health & safety management. 

One of the main mitigation strategies for 
improving health and safety is training for 
the workforce. The site induction is typically 
the main opportunity to communicate health, 
safety and environment aspects of building 
sites, supplemented with toolbox talks and 
policy documents. It is important that the health 
and safety risks of offsite construction is not 
only understood by the manager, but also 
communicated effectively across the team.

Regular compulsory training can easily be 
delivered at a production facility, as suitable 
training facilities can be made available within 
the factory/office space.

Awareness and understanding of safe systems 
of work, standard operating procedures, 
potential risks/hazards, first aid provisions, 
welfare and security arrangements should be 
among the topics covered.

It is important that all employees understand 
the importance of PPE, including specific 
requirements, correct usage, storage and 
maintenance and how adherence to its use can 
reduce the risk and consequence of injury.

Health and safety procedures should be 
provided to all employees with ongoing 
information campaigns, creating a culture of 
safety awareness and the promotion of an 
accident-free workplace.

The health and safety policy should be 
regularly updated and regularly communicated 
to all employees. Involving employees at 
all levels in writing policies and procedures, 
including both offsite and onsite teams can  
help engagement and improve understanding. 
This creates a culture where all employees feel 
they can contribute.
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A simple and clear reporting process should 
be issued to all employees for reporting all 
incidents and near misses. Employers should 
endeavour to remove any barriers to reporting 
and the easier this process is to be utilised by 
the employees.

Employers should be regularly canvasing 
workers for feedback and addressing any 
complaints. Health and safety targets can 
be set with the results regularly shared to 
all employees across the workplace. Using 
incentives and rewards for employees for 
achieving the targets and observing safe 
behaviours will encourage participation. Site 
briefings, team meetings, posters or newsletters 
can be used to communicate the rewards given 
to workers.

Clear signage should be erected around the 
facility and on machinery and equipment 
alerting hazards and promoting the awareness 
of risks.

The increased supervision that is possible in an 
offsite facility will allow for regular equipment 
inspections and that all safety procedures are 
being adhered to.

The site induction is typically the main 
opportunity to communicate health, safety 
and environment aspects of building sites, 
supplemented with toolbox talks and 
policy documents. In previous sections we 
discussed the health and safety risks of 
offsite construction. These need not only to 
be understood by the manager, but also 
communicated effectively across the team. The 
Health and Safety Executive provides guidance 
for effective communication to ensure that the 
whole team is versed in health and safety:

Leaders
• Ensure that time is allocated so that 

communications can take place

Managers
• Formulate plans for cascading information

• Remember to plan how you will get messages 
across to contractors, anyone with low levels 
of literacy, or those whose first language is 
not English

• Think about what needs to be communicated 
and to whom. How will your health and 
safety policy, risk assessment findings and 
safe systems of work be shared?

• Lay out clear communications procedures for 
safety-critical tasks

• Where needed, plan your communications 
with emergency services. Who will 
coordinate this and how will it be done?

• Ensure that communication is included in 
change management procedures

• Ensure that written instructions are clear and 
up to date

• Make sure that safety-critical messages have 
been given attention and are understood

Worker consultation and involvement
• Involve workers or their representatives in 

planning communications activities. They will 
be able to help identify and resolve barriers 
to communication within your organisation

• Are workers able to give feedback and 
report their concerns?

• Have you considered vulnerable groups 
within your workforce in your communications 
plans, e.g., young or inexperienced workers, 
workers with a disability or migrant workers?

• Competence

• Plan training or coaching to ensure that line 
managers have the skills needed to carry out 
face-to-face discussions at all levels within the 
organisation
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Management  
and Planning 
strategies

For offsite construction to be successful and  
to maximise the benefits that can be brought  
to a project, it is important for all parties 
involved to adopt and understand the different 
ways of working necessary.

The project team will need to work 
collaboratively from the outset, to help ensure 
that the project is delivered with the required 
quality, on programme and within budget.  
This also requires an in-depth understanding 
from all parties involved in the project  
with regards to the necessary order of 
sequence, and process flow of the project.  
By implementing lean management and 
planning strategies all the processes involved 
will be improved.

Lean construction methodologies are now  
used in both traditional and offsite  
construction projects, however as the lean 
methodology originated from the automotive 
manufacturing industry its principles can 
more easily be applied throughout the offsite 
manufacturing process.

Additionally, there have been a number of 
methods, tools and digital systems that have 
been developed that assist in applying lean 
principles to all construction, be that traditional 
or offsite manufacturing.

Digital management tools have many 
advantages specifically for management 
and planning activities and can be used for 
capturing, storage, processing, communication, 
and collaboration. It is also important to 
understand how BIM processes interact with the 
different stages of the plan of works relevant to 
offsite construction. 4D rehearsals can perform 
analysis of the building virtually before any 
work starts on site, and is particularly useful for 
clash avoidance, onsite tracking of progress 
and scheduling of activities between offsite  
and onsite. 
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Adapting to change

In the construction industry, Clients,  
Designers and Contractors are all aware  
that changes or variations to a programme  
can often seriously affect the success of a 
project. They can interrupt the workflow,  
create delays and disruption affecting the 
project delivery programme, and increase 
costs. Delay and disruption to a project and  
the associated increase in costs can often  
lead to lengthy disputes.

To minimise any impact on the project 
programme and budget, it is necessary to 
reduce and control the need for changes. 
To help ensure this, it is important to follow 
correct processes and commit to continuous 
improvement and when a change is 
unavoidable, have the correct procedures in 
place to adapt to, and manage the change.

Offsite construction can help reduce the need 
for changes by allowing the standardisation 
of design, manufacturing components on a 
production line and in a controlled environment 
and having a detailed process for onsite 
assembly and finishing trades. However 
as offsite construction still requires varying 
levels of onsite assembly, there is still a risk of 
variation or change because of unforeseen 
issues on site, when integrating the offsite 
system within the onsite installation and finishing 
works. For example, adverse weather causing 
damage or delay and the consequent change 
in the construction programme sequence.

The project team’s ability to deal with 
change can have a significant impact on the 
consequences of those changes. Working in 
collaboration and with transparency is key  
in situations like this. It is important to quickly 
establish who is contractually responsible  
for mitigating the resultant cost or delay  
and who should carry out the work. Ideally,  
the solution should be agreed as early as 
possible with all the relevant parties  
involved. (i.e., manufacturer’s representative, 
offsite installation team’s supervisor, the 
impacted tradespeople.)

To assist with resolving issues caused by 
change, the project team should utilise 
collaborative and analytical problem-solving 
tools at site meetings. Simple tools like a SWOT 
analysis (Strengths, Weakness, Opportunities, 
Threats) is an effective starting point to analyse 
the issue and start forming solutions.

By following this method in a workshop style 
project meeting, the team can focus on the 
solution instead of trying to firstly, understand 
a complex process. By working collectively, 
they should reach a solution to the issue that is 
achievable and acceptable to all parties.
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On an offsite construction project, many of 
the changes or issues that may arise are from 
the same causes as on-site construction, as 
there is still an element of the project to be 
carried out on site. This would include design 
issues, poor workmanship, environmental 
conditions, resource availability, specification 
error, contractual interpretation, and poor 
communication between onsite trades. There 
are also risks, specific to onsite construction like 
an incomplete design or interface defects due 
to a failure in meeting the necessary tolerances 
either in the manufacturing process or on-site.

When the issues are specific to onsite 
construction and in particular the fault of 
the manufacturer, the impact of the required 
changes can be significant to both the project 
programme and budget. For example, if the 
dimensional tolerances of offsite products 
do not meet the design, they may not fit the 
foundations, or are misaligned with other 
building components, the cost to rectify these 
mistakes will be greater than with traditional 
onsite construction. This is because the 
manufactured component would have to be 
transported back to the factory, for remediation 
or be replaced entirely which would increase 
costs for both the manufacturer and the main 
contractor and is likely to affect the sequence 
of works and cause considerable delay to the 
project programme.

The way that the project team of designers, 
engineers and contractors work together and 
communicate to mitigate or resolve the changes 
has a significant impact on the successful 
delivery of the project. Communication needs 
to be effective and ongoing throughout, and 
furthermore, it is also important that they have 
an understanding of the level of accuracy 
required and an excellent attention to detail.

The use of a fully integrated BIM model 
can help to reduce the impact onsite if 
manufacturing is at fault and it is recommended 
to help prevent design clashes or inaccuracies 
between the onsite works, offsite foundations, 
services, and onsite completion work such as 
cladding and internal finishes. In addition, if 
a centralised information hub is utilised, the 
most recent project data, drawings, models 
and documentation can be stored within the 
software and made available to all parties 
involved in the project delivery.
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Balancing time, quality and  
health and safety

At all times the team should be aware of the 
need to meet the time schedule, while building 
to a high standard of quality and without 
sacrificing health and safety. 

The benefits that offsite construction offers is 
a faster and more reliable delivery, improved 
safety and higher quality build.

Projects can be delivered to a condensed 
and more reliable time schedule. This can be 
achieved as the offsite manufacturing element 
of the project can be carried out in parallel 
with onsite works and furthermore the offsite 
element of the project will be unaffected by the 
weather constraints and uncertainties that often 
delay onsite works. 

There should also be an awareness within the 
project team of the importance of meeting 
the delivery schedule, however, this should 
never be at the detriment to health and safety 
procedures or the quality of the product. 
Compromising health and safety in order to 
accelerate the project programme is simply, not 
an option.

Any reduction in quality would be 
counterproductive and potentially have a 
knock-on delay effect within the production 
line itself or once the components are 
delivered on-site. The consequences could be 
disproportionate, for example, if the quality of 
one off site component is sub-standard and has 
not been constructed within the dimensional 
tolerances required in the design for placing 
and fixing the elements together, then the 
entire project could be delayed as a result as 
the component may need to be returned to 
the factory, halting the installation programme 
until remediation is complete. Alternatively, the 
project would have increased snagging which 
could also delay the project completion and 
handover.

l Quality checks in the factory
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Although there are obvious programme 
advantages of delivering modular volumetric 
units, panels, cassettes, sub-assemblies etc. to 
a site and lifting into position, it is important 
to be knowledgeable and aware of the works 
required to complete the build. Modular units, 
panels, cassettes, sub-assemblies etc. are 
manufactured to varying levels of finishes, 
depending upon the specification of the project, 
with or without internal finishes, fixtures and 
fittings, doors, windows, external cladding etc. 
there will also be the additional requirements 
in most projects of the final fixing/finishing of 
junctions and intersections, for example. This 
work, however small, can be intricate and 
often time consuming as may require bespoke 
work as such the appropriate time must be 
programmed for this.

To deliver a successful condensed programme 
of works, there are several strategies that can 
be useful in mitigating the risk of impacting 
the quality, health, safety, environment and 
wellbeing of the project and its workforce.

These include:

• Prefabricating filament pieces to be used 
between modules so that when the time 
comes to stitch them together no time is 
wasted on cutting separate materials onsite 
and assembling them together. Consider pre-
drilling any openings for connectors as well.

• Using plug-and-play connectors for the water, 
electricity and other services connections 

• Eliminating or reducing lean “waste” 
activities, such as waiting, overproduction 
and over-processing 

• Organising the tools area using the  
“5-S” methodology of: Sort, Set, Shine, 
Standardise, Sustain
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Importance of a collaborative approach

Onsite behaviours and attitudes require 
an understanding of the offsite processes, 
dimensional restrictions of offsite components, 
and the logistics of transporting and installing 
those components to the building site.

Collaborative working in a construction 
environment can be simply described as 
working together as a team with aligned 
objectives to achieve a beneficial outcome  
for all in the project. There are a number  
of key principles that can encourage and 
promote collaboration.

Common vision and leadership
Every construction project, regardless of size, 
depends on the collaboration of different 
disciplines and a combination of various 
products to construct the building.

With offsite construction, the emphasis on 
collaboration is increased as the manufacture  
of products in a location different to the 
building site and their transportation on time 
to the site require higher levels of coordination 
than with traditional construction.

In a traditional building project programme, 
there is normally a chain of activities that are 
linked and dependent upon the completion of 
the other linked activity, this is often referred 
to as the critical path. A delay to any one of 
these activities will directly affect the project 
finish date. There are many activities that 
have an element of float or slack where the 
specific activity can be delayed or completed 
out of sequence without causing a delay to a 
subsequent task and/or the project completion 
date. Because of the number of activities that 
are not linked to the critical path, traditional 
build projects can often absorb and adapt the 
project activities to deal with any changes, 
delays, or disruption to many activities.

Offsite construction does not have this benefit 
as each stage is substantially dependent upon 
the next. The risk of delay to the completion 
date of the project is increased as there are 
numerous factors at any stage of the process 
that could impact the entire project programme 
due to the dependency link of each activity.

For example, a breakdown at the 
manufacturing plant of one component not 
only affects the transportation schedule, but 
the installation schedule is now halted as they 
cannot continue with other elements without 
installation of the delayed part. There will then 
be a storage issue as all other elements have 
already been (or should be) delivered to site  
at the exact time that they are programmed.

It is absolutely critical that a collaborative 
culture and behaviours are embedded in  
the project team.

Collaboration from the commencement of  
a project is imperative. It is particularly  
important to establish an excellent working 
relationship that is based on trust and an 
understanding of the processes, procedures, 
requirements and restrictions involved for  
each party, in order to deliver their own 
element of the project in accordance with  
the project programme and specification. 

This requires an understanding of the offsite 
products, the project stages and their 
interconnection.

The stages of offsite construction can be  
broken down into the following:

• Design

• Manufacturing

• Transportation

• Storage

• Installation
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Each of these stages would generally be 
carried out by different parties or departments 
within one organisation. In offsite construction 
these stages have an interdependence on  
one another to deliver a successful project  
on time and on budget. Examples of effective 
collaboration in the offsite construction  
phase are:

• Design changes: Bring up any necessary 
design changes to enhance buildability  
as early in the design process as possible, 
and definitely before the design freeze  
which marks the start of manufacturing.  
After manufacturing starts even minor 
changes will be costly and time-consuming. 

• Offsite products: Dimensional tolerances 
tend to be narrower than with traditional 
construction, so even if you notice a 
discrepancy as small as 5mm bring that up  
as a matter that needs to be resolved before 
the design freezes. 

• Manufacturing process: The standardised 
nature of offsite products enables a 
manufacturing line approach with repetitive 
tasks and reduced chance for human error. 
Still, most factories have the capability to 
produce custom offsite components. If you 
want to use a certain offsite product but  
are worried about a small number of  
non-standard components, get in touch  
with manufacturers.

• Transportation: ultimately anything 
manufactured in the factory needs to be  
able to go out through the factory doors,  
be transported on the UK road system 
and enter the site. Check dimensional 
requirements for each step along the way.  

• Placement and assembly: Ensure the 
groundworks’ tolerances are in line with  
the offsite products’ tolerances.

• Finishing trades: Coordinate effectively to 
ensure the benefits of offsite are carried  
over to the final building. 

Collaborative processes,  
tools & technologies
On most projects each party will normally  
have different processes, procedures and  
use different tools that provide information  
in varying formats. This will generally lead to 
misunderstanding, confusion and inefficiency.

By adopting procedures, processes and tools 
that support a collaborative culture. This can 
be in the form of information collaboration 
platforms, digital engineering models, open 
book costing, lean and waste elimination.  
These can be accessed and should be utilised 
by all parties from project commencement 
where it can also help in the preparation  
of the construction methodology and  
logistics schedules.

Projects that have embraced BIM as a model 
for understanding the interaction and complex 
nature of offsite construction, are experiencing 
the benefits, for example, how the wrong 
choices at concept stage can be reviewed  
to establish if they are unworkable before  
they have even been seriously considered  
or incorporated into the design.

Transportation companies can automate tasks 
relating to dispatching and coordinating 
shipments, freeing up their Project Managers 
to focus on responsive and adaptive project 
adjustments to ensure all picks and deliveries 
are on time and on site exactly when required. 
Clients can also be provided with real-time  
GPS tracking updates and view project 
progress reports through an information 
collaboration platform.
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Organising the sequence of trades

For offsite projects the project lifecycle can be 
broken down into 5 main phases:

• Design for Manufacture, Assembly & 
Disassembly (DfMA+D) 

• Offsite manufacture

• Logistics

• Onsite assembly

• Design for maintenance

The design process for offsite construction 
systems is often referred to as “front-loading”.

When designing according to DfMA+D 
principles the following aspects should  
be considered:

• Manufacturing process and standard  
sizing limitations 

• Dimensional tolerances of the chosen  
offsite system 

• Transportation restrictions 

• Assembly process 

• Supply chain 

• Manufacturing capacity 

• Site-specific restrictions

In offsite constructed projects it is key to 
communicate with all parties involved in the 
project early on, prior to the design freeze.  
By involving the manufacturer, contractor, 
supply chain and specialist consultants as 
early as possible, the buildability of the design 
can be ensured and the necessity for design 
changes after the design freeze is removed.

The positive impact of early contractor 
involvement doesn’t stop with the design,  
it continues in the manufacturing and on  
site construction stages, by ensuring that  
the development can be built in accordance 
with the timescales and cost plan.

DfMA+D
Design for Manufacture, Assembly & 
Disassembly (DfMA+D) describes the concept 
of designing products and systems that are 
tailored for ease of manufacture, transport, 
assembly and Disassembly.

Due to the differences with traditional 
construction methods, the design process for 
offsite construction systems is often referred 
to as ‘front-loaded’, because all design and 
specification characteristics need to be agreed 
before manufacturing can start.

DfMA+D involves improving quality through 
the application of efficiency, and a thorough 
understanding of the supply chain.

The whole project life cycle can be integrated 
in the design stage by using the DfMA+D 
approach, helping to move towards a  
Circular Economy.
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Manufacture
The creation of elements in a factory 
environment, before being transported and 
assembled on site.

The factory provides a controlled environment 
with some inherent benefits, such as consistency 
of process, independence from adverse 
weather conditions, improved efficiency and 
reduced waste.

Logistics
Logistics can be defined as the point of 
connection between onsite and offsite activities.

This function is mainly about coordination and 
integration of multiple activities.

Effective planning can determine the success  
of offsite projects.

Effective transportation & logistics planning 
must involve coordination with site, early 
engagement with logistics organisation and 
detailed route planning.

To realise the full efficiency savings of offsite 
‘just-in-time’ delivery of the manufactured 
assemblies should be implemented.

Storage of pre-assembled components or units 
on-site before erection is inefficient and may not 
be practical due to site constraints (e.g. lack of 
space) and weather conditions (can result in 
damage to internal linings for example).

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: 

• Alternative transport methods e.g. railway 
and rivers, (where appropriate);

• Local constraints and consequent route 
planning e.g. speed, height and width 
restrictions (bridges and overhead 
obstructions);

• Lifting operations plan and the siting if 
required of a crane relative to its associated 
reach capacity.

l Module being delivered to site
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On-site assembly
On-site assembly refers to the placement of 
offsite products in their designated location 
onsite and connection with the remaining 
structure. 

Depending on the level of enhancement that  
is reached in the factory, assembly varies  
from the location of fully fitted volumetric 
elements that need little additional work,  
to the installation of open panels or sub-
assemblies that need to be completed with 
internal/external linings, windows and doors 
and MEP services.

On-site interface
One of the most impactful on-site risks for 
offsite construction is manufacture being at 
fault. If the dimensions of offsite products do 
not meet the specification, and do not fit on 
the foundation, or are misaligned with other 
building components, the issues will be costlier 
to fix than with traditional onsite construction.

If defective or if there’s a deviation from 
specification, the offsite component may need 
to be transported back to the factory, and 
either remediated or manufactured anew, 
increasing costs for both the manufacturer and 
the main contractor.

Other potential issues could include:

• Use of materials different to those specified 

• Misaligned connections for services e.g. 
mains electricity and water

• Damage during transportation, 

• Impact upon building performance – 
structural, fire, thermal, acoustic

• Among others

Design for Maintenance
The production of building elements in a 
factory environment guarantees a higher 
level of performance and consequent ease of 
maintenance.

Thanks to the accurate design and the support 
of monitoring technologies, it’s possible to 
predict the behaviour of the building and plan 
repairs and maintenance accurately.

l Bridge section manufactured 
offsite being installed on site
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Process Improvement
In the ever-changing landscape of offsite 
construction continuous process improvement  
is one of the keys to success.

One of the leading tools for process 
improvement is the Lean way of thinking 
introduced previously in this document. 
Using Lean value stream mapping you can 
identify three types of processes:

• value-adding - creating actual value for the 
customer (for example, assembling steel  
parts into a panel);

• essential but non-value adding - currently 
create no value but are required (for 
example, inspecting the steel before it is 
assembled into a panel);

• waste - not creating value for the customer 
and not needed (for example, relocating  
the steel 3 times before it is assembled into  
a panel). 

These three categories of processes can help 
to identify, analyse and implement process 
improvement in each area of work. 

Identifying processes to improve or remove is 
only the starting point towards a continuous 
improvement loop. 

• Define – the exact problem at hand

• Measure – the current performance as the 
baseline for continuous improvement

• Analyse – the potential root cause and the 
process inputs and outputs 

• Improve – the process using creative problem 
solving and create a plan for implementation

• Control – quantify the benefits to the process 
and set out the next objectives for continuous 
improvement. Go back to the definition stage 
if needed.

Process improvement should be continuous and 
have no endpoint. Even after the immediate 
problem is resolved, there will always be 
opportunities to eliminate more waste and 
create more value.

Continuous process improvement is a 
mindset, and is linked to continuous personal 
development, the strive to grow not only 
professionally in your knowledge but also as  
a person with new skills.

Where projects include off site elements, the 
time spent in the factory, manufacturing the 
components, is often longer than the time spent 
onsite. As one of the main drivers for using 
offsite construction, is for the benefit of reduced 
time onsite, it is important to ensure that delays 
do not occur unnecessarily whilst carrying out 
the onsite installation and finishing works of  
the project.

It is imperative therefore that the works 
are scheduled in the most effective and 
efficient way possible so as not to negate the 
programme gains.

The onsite works required upon delivery of the 
offsite components, can be split into two stages:

• Installation

• Internal & External Finishing 
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The onsite labour utilisation of the offsite system 
installation is typically negligible compared to 
the internal and external works, even when 
highly enhanced offsite systems such as closed 
panels are used.  Finishing trades can account 
for as much as 50% of labour in panelised 
projects.  The sequencing of the finishing  
trades on site provides the biggest opportunity 
for productivity improvement with offsite 
panelised systems.

When creating the schedule during the 
planning phase of the project, it is important 
to consider how you can optimise the way that 
you sequence how trades progress through 
locations in the project, for example:

The internal works are typically scheduled in 
3 fixes for each of the main trades such as 
electrical, plumbing and joinery with a final 
decoration fix. Consider sequencing trades so 
that the first fixes can be started on the ground 
floor as early as possible, even while the upper 
floors’ offsite manufactured superstructure is still 
being assembled, provided it is safe to do so. A 
tidy work environment will help to speed up the 
process by reducing unnecessary movement.

By preparing the workspace in advance using 
the workplace organisation method 5S lean 
approach the project site will not only be  
more organised but will also become a safer 
and more efficient environment. The 5S 
approach involves:

• Sort – Involves removing anything you do 
not need in the workplace, keeping only 
those things that are necessary 

• Set in order – Ensures that what is kept is 
easily located and labelled so that anyone 
can find it or put it away 

• Shine – Involves maintaining clean and  
tidy space 

• Standardise – Focuses on creating a 
consistent way of doing things

• Sustain – Ensures that those behaviours 
become a habit and are embedded in the 
place of work

Using a location-based management system 
(e.g., Flowline Scheduling) could be helpful 
(particularly for on-site activities) by providing 
the ability to analyse the programme of  
works pre contract and greater power to 
control the programme once on site, based  
on the following:

• Location – Best sequence and logic for 
work crews to progress through locations  
on the project. Any issues disrupting the  
flow can be easily identified.

• Continuity of the tasks – helps ensure 
that work crews can commence tasks as early 
as possible following on from prior linked 
tasks and work continuously with no breaks 
in the schedule.

• Visualising dependencies & movement 
of work crews – Flowline Scheduling 
can easily identify where certain tasks have 
lower productivity and slower utilisation 
of locations. Action can then be taken to 
perhaps increase the number of work  
crews for the affected tasks which will  
allow the sequence and duration of tasks  
to be synchronised.

• Optimisation of programme –  
With having greater control of the 
programme whilst on site, production rates  
of work crews can be synchronised across  
the activities and the use of available 
locations can be optimised. The result is that 
the project duration can be optimised or 
better still, compressed.
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Project delivery according  
to sustainability criteria

One of the main benefits and drivers for 
choosing offsite construction is environmental 
sustainability. Many projects now have high 
sustainability credentials and managers will 
need to be familiar with the fundamental 
elements involved in constructing not only a 
sustainable building but with a sustainable 
project delivery that does not impact the project 
costs or programme.

The principles of sustainability should be 
applied and delivered as integral to the project 
and not construed as an additive, burden or 
optional extra. It is important that managers 
ensure that they have suitable knowledge of 
mechanical engineering, the importance of 
continuity thermal insulation and air tightness 
to the building envelope, maintaining the 
required U-value aspects and the skills required 
for the construction methods being used and 
ensure enforcement of the strict quality control 
that is needed at each step of the process, to 
meet the target criteria.  sustainability is often 
synonymous with quality. This linkage is due to 
the specialised skills, services and/or materials 
that are often required to deliver a sustainable 
product or component. Whilst quality and 
sustainability can be intrinsically linked it is 
essential to understand that not all sustainable 
systems are necessary quality. Managing 
and planning would include suitable research 
into the relevant labelling and credentials, 
specifications, and performance of the systems.

The desire to design and build to achieve a 
more sustainable building also often comes 
with frustrations. Often sustainability can 
be perceived as adversely ‘adding’ to time; 
particularly when the project nears completion 
resulting in delays and the overall completion 
date is pushed further back.

Often it is the limited knowledge of the 
definition and application of sustainability that 
can be a major factor. This is exacerbated 
by the many different trades, contractors and 
subcontractors involved with delivering the 
building. Many of these limitations manifest 
during the completion certificates, acoustic 
testing, and air tightness tests. 

With many performance-based contracts, 
especially those for off-site manufactured 
buildings, there is an expectation that the 
system will automatically achieve a higher level 
of sustainability which is not achieved if the 
installation and finishing of the project does 
not meet the required design specification for 
example, the continuity of the thermal and air-
tightness envelope may be compromised during 
the landing and connecting process, and again 
at the second fix and finishes stages. Knowing 
these it is valuable to have the continuity of 
the thermal envelope into the managerial risk 
mitigation strategy document. 

Mitigation strategies include:

• Knowledge enhancement - ensuring that  
all relevant trades are aware of the 
importance and fragility of the thermal  
and airtight envelope

• Onsite measurement and damage 
identification techniques such as periodic  
air-tightness testing and smoke tests 
after each major stage and InfraRed 
thermography surveys

• In-situ fixes and workarounds to repair 
damages and failures in completion values

However, when specified and constructed 
correctly, the benefits of using sustainable 
materials, services and technologies  
throughout the project will: 

• Reduce maintenance required during the 
operational life of the building 

• Reduce need for future retrofit, conversion,  
or refurbishment 



54

Assembly line approach

Offsite construction is a method of construction 
that adds substantial value to a product via the 
manufacture and pre-assembly of construction 
components, elements or modules in a factory 
prior to installation into their final location.

Strong drivers for growth are underpinned  
by the need for significantly more housing,  
the availability of new technologies and  
an impetus for extending the benefits of  
offsite manufacture.

The conversion of materials to form building 
components shifted from:

• On site – a framework of activities,  
typically undertaken by a series of  
temporary organisations or subcontractors, 
overseen by a construction manager 

• To offsite – a flow of processes and 
sub-processes undertaken in a factory 
environment, by a multi-skilled workforce, 
controlled by a Production Manager

The creation of elements in a factory 
environment provides opportunities for:

• Consistency of process

• Independence from adverse  
weather conditions

• Improved efficiency

• Reduced materials waste 

• Retained skilled workforce

Processes are enhanced by the  
implementation of:

• Lean techniques

• Automation

• Mass customisation

• Quality assurance

• Safety management

Factory  
operations

l Modular production line
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Automation
The creation and application of technologies to 
produce and deliver goods and services with 
minimal human intervention.

The implementation of automation technologies, 
techniques and processes improve the 
accuracy, efficiency, reliability, and/or speed  
of many tasks that were previously performed 
by humans.

Manufacturing of offsite elements can 
be implemented using different levels of 
automation.

In a typical manufacturing plant several types 
of processes will be applied.

These can be divided into four categories or 
levels of automation.

• Manual: performed by a human operator 
manually with a minimum of tools.

• Mechanised: the worker employs 
mechanical assistance in performing  
an operation.

• Semi-automated: a fixed programme 
machine executes a sequence of operations, 
and a human operator completes the task

• Automated: under programmemable 
control, a machine may execute a sequence 
of operations, without needing input from a 
human operator.

Some of the key benefits of automation are:

• Increased quality and consistency of 
processes and products

• Improved productivity and reduced lead 
times

• Improved health and safety

• Improved repeatability

• Reduced costs

• Optimisation of waste

• Removal or reduction in human error

• Difficult, dangerous, monotonous tasks or 
tasks beyond human capability

• Frees up staff to undertake other roles

• Optimisation of floor area and layout

• Easily monitored and audited

l Automated panel manufacturing line
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Manufacturing processes
Due to the differences with traditional 
construction methods, the design process for 
offsite construction systems is often referred 
to as ‘front-loaded’, because all design and 
specification characteristics need to be agreed 
before manufacturing can start.

Design for Manufacture, Assembly & 
Disassembly (DfMA+D) describes the concept 
of designing products and systems that are 
tailored for ease of manufacture, transport, 
assembly and disassembly.

DfMA+D involves improving quality through 
the application of efficiency, and a thorough 
understanding of the supply chain. The whole 
project life cycle can be integrated in the design 
stage by using the DfMA+D approach, helping 
to move towards a circular economy.

Key to understanding offsite manufacturing 
processes are the concepts of:

• Production control

• Tolerances

• Just in Time 

• Right first time

Production control
A key part of operations management, 
production control involves monitoring 
and regulating the flow of work in the 
manufacturing plant.

It is often interconnected with the minimisation 
of ‘bottlenecks’, where one part of the process 
is reduced in capacity and impacts the entire 
manufacturing process.

Tolerances
In any building or manufacturing process 
some degree of dimensional variability is 
inevitable. In offsite projects tolerances tend 
to be smaller than with traditional construction 
and consideration has to be given as to how 
the factory made components, each with its 
characteristic variability, will fit together with 
those elements constructed onsite.

l Assembly of Cross Laminated Timber module in the factory
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Just in Time
Just in Time (JiT) involves the production and 
delivery of materials and components exactly 
at the time they are needed, and no earlier. For 
example, in volumetric construction the modules 
can be delivered at the time specified for on-site 
installation, eliminating the need to store the 
modules on or close to site. 

JiT can also be applied in the factory where a 
sub-assembly is produced at the exact time it is 
needed for the larger offsite product.

Where materials are ordered and supplied 
on a ‘just in time’ (JiT) basis it removes the 
necessity to hold a large inventory of stock. 

JIT production has a number of benefits, among 
them are increases in efficiency, easing issues 
with cash flow and removing the necessity to 
have large volumes of space to hold and move 
stock (reduction in inventory). 

In order for JIT to work effectively it is 
important to work closely with the supplier(s) to 
ensure that materials can be supplied quickly 
and at short notice where necessary (reduced 
lead times). 

A good relationship and good, open and 
frequent communication with the supply chain 
is critical for effective JIT production, such that 
work which relies on the supply chain can be 
programmed in accurately and adjusted where 
necessary, while minimising the effects that 
any changes are likely to have and planning 
contingencies.

Production Line
Offsite components progress from one station  
to the next. The sequence in which the  
products are required on site is important to 
know and understand at the earliest possible 
opportunity, so that offsite components which 
are required earlier can be scheduled for 
manufacturing earlier.

The management and integration of offsite 
construction systems on site requires a good 
knowledge and understanding of the way 
offsite systems are manufactured. 

There are typically two main approaches 
towards offsite manufacture:

• A workshop environment using assembly 
benches and jigs where offsite components 
are assembled using traditional trade and 
craft skills. The offsite components remain 
in one location, whereas the people and 
materials change location. The order of  
tasks can be changed from one component  
to another.

• A manufacturing line environment where 
semi-automated or automated equipment is 
used, and the offsite components progress 
from one station of the assembly line to the 
next. The people and materials typically 
remain stationary by a specific manufacturing 
station. The order of tasks cannot generally 
be changed from one component to another, 
unless the factory layout is altered. 

In any one manufacturing facility, elements 
of both approaches are typically present in 
different proportions relevant to the time that 
the business has been operational, the size of 
the facility, the output and demand or quantity/
frequency of manufacture of each component, 
how readily manufacture of each component 
can be automated and the level of investment. 
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The time factor is associated with greater 
opportunities for investment in equipment over 
the years. A relatively recently established 
business typically starts off with a manual 
production approach due to the lower up-front 
investment and lower demand and pipeline  
of work.

Large established businesses on the other 
hand typically endeavour to semi-automate as 
much as possible to gain labour and quality 
efficiencies at scale, but still require a small 
portion of the facility dedicated to producing 
custom and lower volume components. 

For example, an established timber frame 
manufacturer may have an automated line 
for the production of wall panels, justified by 
the production output, but a more manual 
approach to the manufacture of floor cassettes 
or spandrel panels which are typically 
produced in lower volume than wall panels 
and/or less well suited to automation.

The ‘right-first-time’ mindset is critical in both 
manufacturing approaches, as well as the  
order of production relevant to the on-site 
schedule. As manufacturing progresses, any 
changes to the design, specification or order 
of production will be challenging to implement. 
That’s why collaborative procurement and early 
contractor involvement are vitally important 
with offsite construction - the factory production 
schedule needs to be informed by the onsite 
assembly schedule. 
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Importance of quality control

Quality assurance is integral to manufacturing 
environments and offsite manufacturers 
tend to comply with recognised ISO Quality 
Management System standards e.g. ISO 9001, 
as well as other industry-specific standards  
and accreditations.

In addition, products are regulated by product 
regulations and typically have to have 
corresponding certification to demonstrate 
compliance with the relevant standards.

For offsite construction quality audits are 
typically carried out at different stages of the 
manufacturing process.

In some instances the offsite products are 
accompanied by quality ‘passports’ and cannot 
progress to the following manufacturing stage 
unless all aspects in the passport have been 
checked and if necessary, any defects and/or 
deviations corrected. 

In the manufacturing line approach of 
producing offsite components, each  
component is typically quality inspected  
before it moves from one station to the next 
one, or at set stations.

In addition, some manufacturers implement 
a second layer of quality checks at random 
to ensure the compliance of products whose 
quality has been inspected already.

If a defect or deviation is discovered, corrective 
measures are employed in order to remedy it 
and preventive measures employed to avoid 
any recurrence.

Ideally, all drawings and specifications 
should be checked several times before work 
commences to prevent defects and ensure 
quality. In case of conflicting information in 
drawings, it is recommended to investigate the 
clash and contact the technical drawing authors 
prior to commencing work, to prevent the need 
for re-work.

As such, offsite components should not be 
modified on site using manual methods (unless 
absolutely necessary) and any tampering 
with the offsite product on site can disrupt the 
quality process.

l Factory production control
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If offsite products arrive on site and somebody 
from the finishing trades wants to modify 
the offsite component, typically with good 
intentions, this can cause damage to the 
performance of the offsite product. Something 
as simple as making an opening in the 
plasterboard to route an electric cable could 
for example disrupt the insulation and air-
tightness layers.

In addition to personal responsibility and 
standardised processes in offsite manufacturing, 
managing quality assurance involves upstream 
and downstream tasks such as:

• Selecting approved contractors and supply 
chains according to qualification, available 
resources, capacity to deliver products and 
services, and compliance with codes and 
standards

• Understanding the supply chain of your 
suppliers, and how they manage quality 
inspections of labour and materials

• Tracking the supply chain to the raw 
materials provider and keeping up to date 
with key materials costs

Site teams should expect offsite components 
to arrive with some form of trackable quality 
docket. This may be in the form of an asset 
management system, tags, signage or trackers. 
Also, site managers should inspect the delivery 
for visual damages. Best practice would include 
a quality control report produced and signed 
by the factory quality control manager/officer.

Throughout production it is important that 
checks are made to raw materials, components 
and completed assemblies to ensure that they 
meet requirements.

l Identification of manufactured elements
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Quality Management System
It is common for manufacturers to establish, 
document, implement and maintain a Quality 
Management System (QMS) to ensure quality 
and consistency of the products which they 
manufacture to continually meet performance 
criteria and customer requirements.

A QMS details the organisational structure, 
policies, procedures and resources necessary 
for the implementation of effective quality 
control, in accordance with the requirements of 
recognised standards, to ensure that defined
targets are continually achieved.

A QMS will typically comprise and focus upon 
the following elements:

• Documentation

• Policies

• Management

• Customer focus

• Planning

• Documented processes and procedures  
for manufacture

• Roles and responsibilities

• Authority and communication

• Resource management

• Human resources

• Infrastructure

• Work environment

• Design, development and product

• Realisation

• Procurement and provision of

• Services

• Equipment

• Monitoring and measurement

• Control of non-conformities/nonconforming

• Product

• Continuous improvement

Manufacturers typically operate a QMS to 
ensure that their products are of consistently 
high quality and that their customers are 
satisfied that the product which they are 
purchasing is fit for purpose and in accordance 
with the specification.

Measuring the quality of a product and 
detecting any changes to the quality are  
both important features of the quality  
control process.

As components are manufactured in a factory, 
they lend themselves well to strict quality 
control. This is a significant advantage when 
compared to traditional on-site construction.

It is important for people in all parts of an 
organisation to familiarise themselves with the 
parts of the QMS relevant to their role and to 
ensure that it is always adhered to.

There are a number of product certification 
schemes for construction products. It is 
important for staff to be aware of the product 
certification scheme and associated standards 
to which the company in which they work 
operates under and is certified to, if any.
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Factory Production Control
It is important that a system exists which 
enables effective monitoring and checking 
of resource, process and outgoing products 
to ensure quality and consistency and that 
whatever is produced in the factory complies 
with the drawings, specifications and standards.

Production drawings should include all 
references to the materials used in the 
manufacture, all information necessary for 
correct fitting and assembly and include 
allowable tolerances where appropriate.

The manufacturer should establish 
documentation and implement controls to 
ensure that processes are in accordance with 
specifications, standards, and requirements 
and that the products which it manufactures 
continually conform to the specifications and 
meet the performance criteria that they declare.

Factory production control (FPC) provides 
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.

An FPC system typically forms part of the 
quality management system (QMS) and is 
underpinned by the quality plan.

Typically, an FPC system will comprise at the 
very least:

• A suite of standard procedures, supporting 
documentation and records to standardise 
operations, identify products, state and 
monitor how products are manufactured and 
ensure safe methods of operation at all times

• Controls to monitor and check incoming 
resource prior to assembly

• Controls to monitor and check products 
during and post assembly prior to being 
delivered to site

• Regular internal and external auditing to 
monitor the effectiveness of the system and 
quality and consistency of the manufacturing 
process and manufactured items

• Means to enable corrective and preventive 
actions for control of non-conforming 
products to ensure that immediate action  
is taken to rectify any inconsistencies or  
non-compliances

• Means to control procurement ensuring 
materials, components and equipment  
are correct and purchased from  
approved suppliers

• Intermediate testing of products off the line 
to ensure that declared performance and 
specification are continually met

• Maintenance schedules and standard 
procedures for correct handling of  
machinery and equipment

• Standard procedures for correct handling  
of materials and assemblies

• Personnel training and competency  
records – roles and responsibilities.
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Materials Checks
Raw materials and components should be 
checked against drawings and specifications 
upon receipt and throughout the manufacturing 
process in accordance with the standard 
procedure(s) to ensure that they meet the 
required specification.

Checks should be methodical and repeatable 
for all similar items and the results recorded on 
a standard checklist. 

When checking items, it is important to know 
the criteria and any tolerances against which 
they are to be checked to ensure that items 
which do not comply are identified, enabling 
action to be taken to rectify the non-compliance.

Examples of typical materials checks 
undertaken during timber frame manufacture 
are given below:

• Specification: Checks are made to  
ensure that the materials used are of the 
correct specification

• Moisture content: Checks are made at 
various locations using a calibrated  
moisture metre to ensure that the moisture 
content of timber and wood-based materials 
is within tolerance

• Dimensions: Checks are made to ensure 
that the dimensions are in accordance with 
the specification and within tolerance

• Treatment: checks are made to ensure 
that the material has been treated with 
preservative, fire retardant and/or water 
repellent as appropriate

• Defects: Checks are made to identify any 
defects or damage that is likely to have  
a negative impact upon performance,  
ease of installation or aesthetics

• Quantities: Items are counted to ensure  
the correct quantity has been received  
or produced

• Ancillaries: Checks are made to ensure  
that ancillary components e.g. connectors, 
ties, membranes and fasteners, are present 
and of the correct specification.

l Moisture content checks of timber materials 
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Assembly Checks
Assemblies should be checked against 
drawings and specifications throughout the 
manufacturing process in accordance with 
the standard procedure(s) to ensure that they 
meet the required specification. Checks should 
be methodical and repeatable for all similar 
assemblies and the results recorded on a 
standard checklist.

When checking assemblies, it is important to 
know the criteria and any tolerances against 
which they are to be checked to ensure that 
assemblies which do not comply are  
identified, enabling action to be taken to  
rectify thenon-compliance.

Examples of typical assembly checks undertaken 
during manufacture are given below:

• Overall dimensions: Checks are made 
to ensure that the major dimensions are 
in accordance with the drawings and 
specification and within tolerance

• Squareness: Corners and intersections are 
checked, and diagonal dimensions taken 
to ensure that elements and apertures are 
square and correct

• Apertures: Checks are made to ensure 
that the location and dimensions of window 
and door openings are in accordance with 
the drawings and specification and within 
tolerance. Where installed in the factory  
the specification and installation of sills,  
doors and windows should be inspected  
to ensure compliance with the drawings  
and specification

• Stud, joist and/or rafter centres:  
Checks are made to ensure the position 
of and centre to centre distances between 
beams are in accordance with the drawings  
and specification

• Junctions: Checks are made to ensure  
that junctions are properly formed  
and in accordance with the drawings  
and specification

• Expansion joints: Checks are made to  
ensure that expansion joints are properly 
formed and in accordance with the  
drawings and specification

• Defects and/or damage: Checks are 
made to identify any defects and/or  
damage that may have occurred during 
assembly which is likely to have a negative 
impact upon performance or aesthetics

• Structural components: Checks are  
made to ensure structural components, 
i.e., lintels, are of the correct specification, 
positioned correctly and have been  
properly installed

• Sheathing: Checks are made to ensure 
that sheathing boards are correctly fixed, 
positioned and in the correct orientation 
with adequate gaps between boards as 
appropriate. Fasteners should be flush  
within the surface with none protruding  
or over-driven

• Cladding: Checks are made to ensure  
that cladding is correctly positioned,  
oriented and installed

l Assembly drawings
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• Floor deck: Checks are made to ensure  
that all edges are adequately supported  
(no flying joints) and that there are no 
protruding fastener heads – nails should 
be punched, and screws countersunk. If 
adhesives are used checks should be made  
to ensure that it has been applied correctly  
in the correct locations

• Fasteners: Checks are made to ensure  
that fasteners are positioned correctly  
and accurately, centre to centre distances  
are correct and that edge and end  
distances have been adhered to. Fasteners 
should not be over driven or protruding. 
Where appropriate, i.e. for floor decking,  
fasteners should be punched just below  
flush or countersunk

• Membranes and seals: Checks are made 
to ensure that membrane layers and seals 
are of the correct specification, have been 
correctly positioned and installed, and that 
there are no punctures or tears. Checks are 
made at the locations of joints, junctions 
and corners to ensure that membranes are 
correctly lapped as appropriate

• Insulation: Checks are made to ensure that 
insulation is of the correct specification and 
thickness, has been correctly installed and 
that care has been taken to ensure that voids 
are fully filled and there are no gaps

• Ancillaries: Checks are made to ensure 
that any ancillary items are of the correct 
specification, have been properly installed 
and are in the correct position

• Services: When fitted in the factory checks 
are made to ensure that services and service 
boxes are of the correct specification, have 
been properly installed and correctly routed

The sustainability performance of offsite 
components relate to energy generation and 
recovery technologies and hydrothermal and 
air tightness envelope. Damages to fabric will 
adversely affect the building’s ability to retain 
heat energy, protect against condensation and 
its acoustic performance. 

Damages to a building’s integrated renewable 
energy generation and energy recovery will 
affect the commissioning and operation of  
those systems. 

Damage to the envelope of the building 
may have an adverse effect on the weather 
tightness and any damage to the superstructure 
could have an impact upon the structural 
performance of the building. 

Quality control managers should be present at 
all handover and handling interfaces including 
all offsite components. These managers must 
have an understanding of the building’s final 
configuration - once completed. For example, 
if a domestic dwelling is designed to have 
Building Integrated Photovoltaic (BIPV), a 
site quality control manager should have the 
awareness, authority and accountability to 
reject delivery, placement and assembly of an 
offsite, volumetric roof pod with no BIPV onto 
the affected dwelling. 

Quality control managers, onsite, must be 
in possession of decision support guidance 
that clearly states when on site fixes and/or 
alterations can be undertaken. These decision 
support guidance notes should be delivered 
by the offsite component suppliers. When on 
site fixes and alteration arise, quality control 
managers must be present to administer 
instructions and supervise operatives when 
conducting this work. 

From a sustainability perspective, care and 
training must be applied to ensure that the 
specifications of the materials (insulations, 
moisture and air permeability membranes) and 
technologies (energy generation, recovery and 
storage) are not compromised.
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Tolerances in manufacture

In any building or manufacturing process 
some degree of dimensional variability is 
inevitable. In offsite projects tolerances tend 
to be smaller than with traditional construction 
and consideration has to be given as to how 
the factory-made components, each with its 
characteristic variability, will fit together with 
those elements constructed and assembled  
on site.

Every millimetre is important when designing 
buildings for offsite manufacturing.

Tolerances should be considered at the outset 
of the management and integration of offsite 
constructed projects so that:

• the practicality of the design details in 
relation to fit can be assessed;

• the appropriate tolerances, reflecting the 
needs of the design, can be specified;

• compliance with tolerances during 
construction and assembly can be monitored.

The accuracy of the foundations and the 
bearing surfaces on which the offsite 
components are placed should be carefully 
checked before delivery of the modules. On 
site, the level of the floor slab and the sole 
plate should be very accurate. The exact 
tolerances will depend on the chosen system 
and material. 

With the increased use of automation in  
offsite construction, very small tolerances can 
be achieved in the manufacturing process of  
the superstructure.

Distortion and movement of components during 
transport and installation and the accuracy 
of placement of modules, for example, 
can combine to cause deviations from the 
theoretical dimensions. 

In timber framed construction, further movement 
can arise from long-term shrinkage, while 
in concrete construction mould stability and 
accuracy during casting can have significant 
effects on the final geometry. Typically these 
movements, their magnitude and where they 
occur are known, understood and mitigated  
by design.

Two of the main challenges with superstructure 
accuracy are vertical misalignment and 
horizontal misalignment. The effect of this is 
especially exacerbated in tall buildings, where 
a small deviation on the ground floor can result 
in a significant visible misalignment on the top 
floor. To mitigate this problem occurring onsite, 
some manufacturers undertake a trial assembly 
of offsite components in the factory. 

The alignment of services e.g. water, power, 
HVAC, gas, waste, is also critical and care must 
be taken to ensure that all services line through 
accurately without gaps or causing undue stress 
on components such as pipes and wires. Final 
connection of services on site should be easily 
and safely undertaken on site, with adequate 
access, an allowance for some adjustment as 
appropriate and without the risk of damage to 
the services or surrounding construction.

Services should be tested on site to ensure 
continuity and that they have been connected 
properly with no breakages, leaks, damaged 
seals, loss of pressure and so on. 
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Standardisation

The assembly line approach applied in offsite 
construction results in increased process 
efficiency with standardisation. If a residential 
apartment block is being constructed for 
example, there will typically be apartment 
types with repetitive components. These will 
be quicker to both manufacture offsite and 
assemble on site.

Offsite manufacturing businesses tend to offer a 
certain product, with several variations of that 
product. The manufacturing facilities including 
the assembly line sequence and equipment are 
all designed and specified to manufacture that 
product and its variants as resource-efficiently 
as possible.

This is often referred to as ‘mass customisation’ 
which is most typically applied in the 
automotive industry where a certain model 
of car or product platform comes with many 
customisable features which still belong to the 
same family of products.

Mass customisation is important to achieving 
efficiencies in offsite projects as it allows a 
combination of standard systems with varying 
assembly options to provide choice to the  
client whilst maintaining manufacturing  
process control.

Achieving a similar variation through 
standardisation is where a lot of the benefits of 
offsite construction originate from. For example, 
if a residential apartment block is being 
constructed, there will typically be different 
apartment types depending on the number of 
bedrooms, provision of double-height spaces 
and outdoor areas. This variation can be 
achieved using standardised components, be 
they subassemblies, panelised or volumetric, 
arranged in different ways to achieve the 
different apartment types. These standardised 
components increase the efficiency not only of 
the manufacturing, but also of the construction 
process on site with a shift towards assembly  
of components rather than in-situ construction. 
The building facade and the architectural 
features which might be of interest to the client 
to increase the potential of selling or renting  
the properties can also be achieved through 
mass customisation.

l Modular production line - standardisation and mass customisation
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Effective communication

In offsite construction projects it is key to 
communicate with all parties involved in the 
project early on, prior to the design freeze.

This differs significantly from the traditional 
procurement model where the contractors 
and their supply chain are involved only 
after the design is completed. This traditional 
approach would bring significant inefficiencies 
to an offsite project, as the opportunity for 
partnership and input into the design of the 
manufacturer, the on-site team and their supply 
chain is lost. 

By involving the client, architects, architectural 
technologists, engineers, visualisers, project 
managers, logistics managers, factory 
managers, manufacturing teams, site assembly 
teams and contractors, construction managers, 
contract managers, BIM coordinators, supply 
chain and specialist consultants, to name but 
a few, early on, the buildability of the design 
can be ensured and any necessity for design 
changes after the design freeze avoided.

The positive impact of early contractor 
involvement does not stop with the design, 
it continues in the manufacturing and on-
site construction stages, by ensuring that the 
development can be built in accordance with 
the timescales and cost plan.

Effective and ongoing communication is 
especially important in offsite construction 
projects where there are many parties involved. 
The information flow, in both directions, 
between different roles, businesses, and 
different people within these businesses can be 
very complex. 

Information may be communicated and 
presented via a number of different means, 
for example verbal, written, drawing, charts, 
schedules and so on. All information should be 
clearly communicated, current, unambiguous, 
accurate and understood by all parties.

It is important to follow the project’s agreed 
information deliverables such as drawings, 
specifications and models in the agreed  
formats with standardised naming structures.

The main reason for issues arising on site is 
often communication breakdowns, which  
can lead to issues such as, but not limited to, 
non-conformance, schedule slippage, legal 
disputes, contractual issues and so on.

The offsite construction project lifecycle 
depends on effective communication between 
different disciplines and trades, therefore it is 
vitally important that there are clear lines of 
communication and that everyone in offsite 
construction is an effective communicator.

To give an example; a technical  
draughtsperson should ensure that all  
necessary dimensions are provided on the 
assembly drawing. The manufacturing team 
will rely upon these dimensions to ensure the 
offsite product conforms to the design and 
specification. The on-site assembly team will 
then use the same information to inspect  
offsite products and ensure that they are 
correctly set out before installation into 
their final location. After them the on-site 
quality manager or the Clerk of Works will 
use the information to check that everything 
is constructed correctly with the required 
finishes and building performance. A small 
miscommunication within this information  
chain can cause issues instantaneously. 
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Establishing effective and efficient 
communication channels between site, offsite, 
supply chain and office operations is the first 
step in this process. The following should be 
checked and verified:

• The offsite production schedule and its 
interconnection to the site schedule

• The order of sequence in the logistics 
schedule

• What construction activities need to be 
completed before the offsite system arrives 
on site

• How the offsite system should be lifted and 
handled onsite to prevent damage and to 
maintain high standards of health & safety 

• What construction activities need to be 
completed by the follow-on trades after 
the offsite systems has been placed and 
assembled

• What fire prevention products are embedded 
within the offsite system and what products 
need to be installed when and where in the 
building to complete the fire strategy and 
comply with the latest legislation

• How the continuous thermal envelope and 
air tightness layers need to be preserved or 
installed onsite to ensure the project meets 
the environmental performance tests before 
handover and completion certificates can  
be issued

• How the offsite system can be maintained 
and if necessary adjusted or retrofitted in the 
future, particularly whether it was designed 
with Design for Manufacture and Assembly + 
Disassembly (DfMA+D) in mind 

The early involvement of contractors can 
also be incentivised, and there are common 
processes for this, such as creating in-house 
frameworks of approved sub- contractors. The 
key point in these processes is building trust 
between the different businesses, and then 
reinforcing that trust with payment mechanisms 
and insurance clauses.

To bring peace of mind to the client in case of 
liquidation by one of the supply chain partners, 
clauses are put in place to ensure that what 
belongs to the client is protected. 
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Tolerances in construction

Due to the reduced tolerances possible with 
automated equipment for offsite manufacture, 
there is typically a requirement to also work to 
reduce tolerances on site. 

In the previous section the superstructure 
manufactured offsite and the groundworks 
prepared on site and the importance of 
understanding all relevant tolerances were 
taken into consideration from this aspect. The 
management and integration process continue 
with the external and internal works, and 
it again is vitally important to understand 
all tolerances which may affect the ease of 
installation, assembly and overall building 
performance. Some examples of critical areas 
are given below. 

Where external cladding systems are 
constructed on site, there tends to be little 
issues with accuracy. Some manufacturers 
however opt to install lightweight cladding in 
the factory to reduce the time on site associated 
with external works. This means that each 
offsite component must be clad in such a 
manner so that when they are assembled on 
site, the vertical and horizontal lines of the 
cladding system are continuous without any 
misalignment. The air tightness of the joints 
in the cladding system is also critical for the 
correct functionality of the building facade.
 
Ductwork and pipework clashes or 
misalignment with the offsite components are 
the main two risks in accuracy management for 
offsite construction. Clash detection using a fully 
collaborative BIM model can help to mitigate 
this risk. Another option is the integration of 
services with the offsite components using ‘plug 
and play’ precise systems, with some allowance 
for adjustment by design where appropriate, to 
avoid altering the building fabric or structure. 

Site  
operations
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l Assembly of Cross Laminated Timber structure on site

The tolerances in these operations can be within 
a few millimetres rather than centimetres as 
on-site teams may be more accustomed to with 
in-situ construction. This is particularly important 
in the case of pre-cut openings in the offsite 
system for routing of services for example. 
The design drawings need to be informed by 
the buildability of the services systems to be 
installed, and their precise specification.

The location and size of the openings are 
important as any additional openings made 
retrospectively on site can damage the 
structural, thermal, acoustic or fire performance 
of the building. A pipework opening will 
typically require a few millimetres additional 
space to ensure the pipes can be manoeuvred 
within, and precise instruction should be 
followed to fill the small void between the pipe 
and the superstructure material.

Again, it is important to understand that 
a number of recurring errors can have a 
cumulative effect and result in larger errors 
which can become problematic and out of 
acceptable tolerance limits.



72

Differential Movement
To further reiterate the importance of 
understanding and adhering to given 
tolerances, it is critical that differential 
movement is taken into consideration and 
understood by designers, manufacturers and 
site personnel.

As components dry and settle, positions 
of different materials change, resulting in 
differential movement between parts of the 
structure. The compression on any connections 
is also affected by differential movement. 
Structural elements may move differently to 
external cladding or other members adjacent to 
the structural elements. 

This difference between the movement of the 
external cladding and the structure is called 
differential movement. The extent of differential 
movement becomes greater as the number of 
storeys increases. 

The magnitude of differential movement 
increases as the structure increases in height 
- that is higher structures such as those of multi-
storey construction will have a greater degree 
of differential movement as you travel up the 
structure. 

An accumulation of these dimensional changes 
results in the greatest movement being at the 
top of the structure. 

Differential movement typically occurs at the 
following locations:

• Floor zones

• Openings – e.g. sills, lintels, around windows 
and doors

• Roof verges and eaves 

• Masonry cladding – typically self-supporting

• Non-masonry cladding e.g. timber or steel 
cladding

• Overhangs

• Flues and chimneys

• Overflow and soil vent pipes

• Balconies

• Traditionally constructed stair cores

• Lift shaft enclosures

• Services e.g. soil vent pipes, cables etc. 

The degree of settlement may be more 
apparent in some locations than in others.

As elements which are connected to one 
another change dimensionally at different rates 
and magnitude, allowance must be given for 
movement at these locations. Direct abutment 
should be avoided to prevent damage from 
occurring as a result of differential movement.

Adequate expansion gaps must be provided 
between elements. These should be filled using 
a compressible sealant or spacers to seal  
and create a flexible joint. The requirement  
and location for the provision of movement 
joints will be dependent upon the design  
and construction. 

As the differential movement between elements 
becomes greater higher up the structure gaps 
between elements will become larger as a 
result. As such, provision must be made in 
upper storeys for increased movement.

To ensure weather tightness it may be 
necessary to provide flashings to certain 
elements, at certain locations to ensure such 
locations remain weather tight. 



73

Importance of offsite  
logistics integration

The logistical operations in offsite constructed 
projects link manufacture offsite to the 
construction processes on site. Logistics must 
be managed effectively in order to transfer 
the advantages of the offsite products to the 
finished building.

For example, the benefits of stringent quality 
inspections at each stage of manufacture may 
be lost or reduced if the offsite components 
become damaged during the transportation 
and lifting operations and compromises building 
performance. Transportation, lifting and 
handling happen to be the highest-risk activities 
in the project life cycle when considering 
potential defects to the offsite products. 

Typically, there are three options for managing 
the offsite components logistics onsite:

• Transportation in batches and storage in a 
designated area on or close to site until they 
are needed by the relevant trades

• Just-in-Time (JiT) delivery according to the  
on-site placement and assembly schedule 

• Flying factories, which are temporary 
manufacturing facilities located near or on 
the buildings site 

The first option requires the least effort in  
up-front schedules synchronisation between the 
offsite manufacturer and the site management 
team. This is similar to the stocking of other 
materials on site and is often used for 
sub-assembly components such as timber 
I-joists, roof trusses, steel beams or precast 
infrastructure elements for example. In this 
case, components manufactured off site  
should be handled and stored in accordance 
with the manufacturer’s instructions and with 
care to prevent damage to any weatherproof 
layers. Theft and vandalism prevention will  
also be a critical consideration for any higher 
value components. 

The second option, JiT, requires substantial 
coordination between the design team, the 
manufacturer, the logistics manager and the site 
manager. JiT is often used in projects located in 
densely built environments such as city centres 
and sites with restricted space and can also 
be particularly useful where time restrictions 
are in place such as access by HGVs only 
during night-time. JiT is particularly suitable 
for enhanced panelised and volumetric offsite 
systems. When planning JiT it is important to  
be aware of the capacity for on-site placement 
and assembly each working day, as the size 
and frequency of the offsite loads will be 
directly correlated.

Lastly, the third option, flying factories, is the 
method that requires the most up-front planning 
and investment often even prior to the start 
of manufacture. It is particularly suitable for 
volumetric offsite systems where high value 
or prone to transport damage materials or 
appliances are specified. By installing these in 
an environment protected from the elements 
but in close proximity to their final location, 
the risks associated with handling these 
components are significantly reduced. 
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Importance of supply chain integration

Because of the precision in scheduling of 
offsite manufacturing, logistics and construction 
processes, having an integrated supply chain  
is more critical than in traditional construction. 
Planning, coordination and communication 
activities are critical in the supply chain 
management of off-site constructed projects.
Research has found that the following supply 
chain management strategies are most 
effective:

• Development of long-term strategic 
relationships with suppliers and 
subcontractors 

• Use of distribution terminals and a centralised 
distribution centre to aid management of 
material flow

• Effective planning of transport and 
distribution activities

• Adopting an integrated planning process 
to provide clear and related production, 
delivery planning, scheduling and site 
logistics planning solutions

• The inclusion of dedicated organisational 
planning roles

• Implementing a dedicated IT system which 
is utilised by all project participants, e.g. 
contractors, suppliers, logistics and so on

• A dedicated, specialist materials handling 
team working on site to ensure efficient 
materials movement and task planning

• An effective system of marking and labelling 
goods, which is recognised and understood 
by all project participants

• Understanding the detailed design 
requirements of a project from a logistics 
aspect

Supply Chain Management (SCM) can be 
defined as a network of different organisations, 
linked upstream and downstream in a chain, 
aiming to produce quality and value in the 
services and products for the end consumers 
through integrated processes and activities.

Effective supply chain integration offers 
solutions for a number of supply chain issues 
commonly associated with the traditional 
approach for construction e.g. minimal and/
or disjointed knowledge exchange, price 
competition, uncertainty around processes, 
mistrust, contractual arrangements etc.  

Better integration and communication through 
the supply chain requires moving from:

• contractor selection based on traditional 
lowest cost 

• contractor relationship solely with the client

• the dispersal of the project team upon 
completion of each project to:

• contractor selection based on ensuring  
best value

• contractor relationship with all parties 
involved in the supply chain

• cohesive supply chain team collaborating 
on future projects

Effective integration requires:

• buy-in from all supply chain partners and 
integration of their business processes 

• provision of effort and resource e.g. time  
and cost 

• long term commitment

• move from traditional contractual  
framework (as stated above)

• a high level of trust 

• early engagement

• effective communication
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Some of the key benefits of supply chain 
integration for offsite construction are:

• culture change

• building relationships - improved trust and 
communication among all parties

• streamlined objectives of all parties

• enhanced information and knowledge 
sharing

• supplier evaluation and approval process for 
supplier development

• sharing common goals for continual 
improvement, elimination of waste, increased 
productivity and efficiency

In order to realise the benefits given above, 
minimise costs, and provide knowledge 
transfer between all parties in the supply 
chain, an integrated supply chain should be 
centrally coordinated, and inter-organisational 
relationships maintained for the duration of a 
specific project and beyond. 

Integrating the supply chain to share and 
resolve issues and problems that arise ultimately 
benefits the client but also greatly benefits each 
of the supply chain partners via:

• less frustration and conflict

• the removal of a blame culture

• the development of mutual understanding 
between partners

• improved productivity

• improved margins

• improved reputation

Inversely, some potential barriers to integration 
of the supply chain may be:

• fragmentation of the project delivery system 
and working in silos

• mistrust between partners

• difficulty implementing collaboration, 
particularly where there are adversarial 
contractual relationships or organisations 
which are typically in competition

• lack of knowledge and understanding of the 
benefits of collaboration

• the tendency for project teams to disperse 
upon project completion

• lack of knowledge and understanding of 
other partner organisations’ operations 

• lack of commitment or unwillingness to 
commit

• Inappropriate or ineffective support structure 
to foster the development of relationships 
between project partners 

• Lack of effective communication between 
project partners

• lack of knowledge and understanding of 
supply chain management philosophy

Barriers to supply chain integration can be 
broken down through development of the 
appropriate soft skills, particularly where 
communication is concerned.
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In order for supply chain integration to more 
effective it is necessary to:

• develop trust between all parties, particularly 
at key interfaces within the supply chain

• ensure early engagement between all parties

• communicate effectively and transparently

• knowledge and understanding of the 
operations, activities and requirements of 
other parties in the supply chain

• understand availability and lead times for 
products and services

• understand constraints and capacity of 
partner organisations, particularly where 
specialist organisations are concerned as 
they may have unique requirements 

• identify and understand the impact of any 
disruptions upon the partners and project, 
particularly where unique suppliers or 
specialist contractors are concerned

• understand procurement routes

• have a system or framework of approved 
suppliers  

• understand the benefits and need of 
collaboration, developing partnerships and 
building inter-organisational relationships, 
and to educate the workforce

• have good knowledge and understanding  
of any documentation, particularly technical, 
contractual and manufacturer’s guidance

• collaboratively realise and achieve mutual 
benefits and gains, share risk and jointly 
absorb loss

• ensure that activities and processes are  
in alignment 

• make decisions as a group

• assess performance and implement means  
for continuous improvement across the  
supply chain
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Constructability

Constructability, or Buildability is a design 
approach which considers in detail the 
construction methods and stages of construction 
and relies upon the building designers 
having an awareness and understanding of 
these. It is an exercise which is undertaken 
prior to construction in order to interrogate 
building design from the perspective of the 
manufacturer, installer, assembly teams 
and teams undertaking construction works. 
Buildability is essentially the ease with which a 
building can be constructed. 

Buildability should take into consideration 
design elements in relation to how the desired 
quality will be achieved, how the overall project 
requirements will be met, identifying and 
minimising risks associated with problems that 
may arise and optimising value for money. 

Constructability and productivity influence the 
efficiency of a construction project. Buildability 
can be defined as the detailed step-by-step 
process of the onsite activities (micro level), 
whereas productivity assesses the larger scale 
efficiency of the construction tasks (macro 
level). 

This means that by using the bottom-up 
approach and optimising the constructability of 
the groundworks, the offsite systems placement 
and assembly, the external and internal 
works, the overall project labour and materials 
productivity is also increased.

When considering buildability, the following 
should be taken into account:

• Sequence of activities which are undertaken 
both on and off site

• Health and safety requirements

• Waste management

• Deconstruction

• Requirements for dimensions, setting out and 
space allowance for circulation and ongoing 
operations as necessary

• Requirements for services e.g. power, water, 
ventilation, MVHR, drainage etc.

• Tolerances, practicality and flexibility

• Ease and order of connection at junctions, 
interfaces and abutments e.g. assemblies  
and services 

• Identifying opportunities for pre-manufacture 

• Potential for standardisation of components 
and reduction of complexity

• Potential for standardisation of processes and 
reduction of complexity

• opportunities to reduce the most labour-
intensive activities

• The provision of temporary works

• Appropriate use of plant and equipment and 
requirements of each e.g. access, space, 
availability, health and safety etc.

• Identification of and engagement with 
appropriate suppliers

• Identification of and engagement with 
specialist contractors

• Packaging construction works appropriately 
for trades and specialist contractors

• Provision of adequate access for installation, 
maintenance and replacement (during and 
post-completion)

• Material requirements e.g. for lifting, 
handling and installation and compatibility 
with other materials

• Reducing or removing the potential for 
damage to components during transport, 
installation and in-situ 

• Lifting requirements, including material and 
assembly weights, site access and adequate 
provision for lifting

• Loading and unloading

• Provision of spares parts, within reason,  
e.g. frequently damaged, misplaced or long 
lead items

• Storage on and off site
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Again, it is important to engage with all project 
partners at the earliest opportunity on each of 
these matters, as they have the greatest wealth 
of knowledge, experience, awareness and 
understanding of on and off site activities in 
relation to these. This can be enhanced with the 
use of technology such as CADCAM and BIM, 
which when used effectively, help to ensure that 
a high level of buildability is achieved.

The boundaries of the building’s life must be 
expanded to encompass the principles of 
circular economy, meaning that construction 
professionals must also have an understanding 
of the building’s components and base 
materials life cycle after the building is partially 
or entirely destroyed.

Meaningful post-life destinations for materials 
include different streams of recycling:

• Up-cycling: used for a purpose greater  
than for which it was intended 

• Down-cycling: used for a purpose lesser  
than for which it was intended 

• Side-cycling: used for a similar purpose  
as it was intended 

Examples of recycling applications include:

• Other buildings 

• Hard and/or soft landscaping 

• Burning, digestion or composting -  
typically for generation of heat 

• Civil and groundworks 

• Art and furniture 
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Frequent inspections

One of the main drivers behind and benefits  
of using offsite construction is speed on site. 
As a consequence of the speed in the offsite 
system placement and assembly, which is then  
ideally applied in the internal and external 
works completion as well, inspections are 
undertaken more frequently than with 
traditional in-situ construction. 

When using offsite construction methods, 
internal defects, safety and quality inspections 
need to be frequent with constructive feedback 
to the team. External inspection may need to  
be managed, as could be more demanding  
and stringent than with traditional in-situ 
construction methods.

Even if inspections are kept to the same 
milestones such as groundworks,  
superstructure, separate internal fixes, 
cladding, with other external works and prior 
to handover, the time between each of these 
milestones is reduced and as a result inspection 
become more frequent. 

Be aware that offsite construction, or the 
particular offsite components used on your 
project, may be less familiar to everyone on 
site. The various tradespeople may require 
more constructive guidance than with in-situ 
construction to achieve the desired quality  
and specification.

This applies also to external bodies, such as 
building control and other inspectors. Because 
inspectors may be less familiar with offsite 
products they may be subject to checks that are 
more stringent than usual. Not everyone in the 
construction industry is convinced of the benefits 
of offsite construction. Its application can make 
external inspectors’ job more challenging as 
the usual quality checklists might not apply to 
the offsite product, or may need to be extended 
or adjusted to cover all aspects of the build 
process. In these cases, it is also a good idea 
to have the off-site system’s installation manual 
and lifting method statement, or any other 
supporting documentation to hand. 

The contents of the NHBC Accepts inspection 
guidelines for prefabricated units can be a 
useful reference point when preparing for 
frequent inspections and covers: 

• Strength and stability 

• Behaviour in relation to fire 

• Resistance to moisture safety in use 

• Resistance to the passage of sound 

• Energy efficiency 

• Aspects of durability, site installation and 
identification 

• Coordination of internal services 

• Quality of finish

l Air tightness test and inspection on site
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