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Module Purpose: On completion of this 
module, learners will be able to demonstrate 
the knowledge and skills in Digital Design 
for Offsite Construction, by understanding 
and through the application of digital design 
software, in compliance with codes and 
standards, and range of materials through the 
creation of Building Information Modelling.

This module is aimed at a wide range of 
learners within the construction industry with 
an interest in offsite construction.
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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. Understand relevant 
design codes and 
standards

2. Apply IT tools/ Digital 
design software use

3. Understanding of full 
range of materials and 
products used

4. Create BIM (Building 
Information Modelling) 
enabled 3D model

7. Calculate quantities 
and estimate costs from 
3D models

9. Understand full 
range of materials and 
products used

10. Analyse digital 
practices (4D) for health 
and safety

12. Apply lean 
methodologies and 
order of sequence to 
digital design

13. Apply IT tools

14. Understand early 
engagement

15. Understand the 
RIBA Plan of Work and 
Digital Overlay

17. Understand 
current and emerging 
technologies (offsite)

18. Analyse design 
tolerances for factory 
operations

19. Effective 
communication (offsite)

20. Understand 
current and emerging 
technologies (on site)

21. Analyse design 
tolerances for factory 
operations

22. Effective 
communication (on site).

Role Specific 
Competencies 
for Skilled 
Workers

5. Interpret assembly 
drawings

Role Specific 
Competencies 
for Supervisors

6. Create and modify 
BIM objects, 2D 
technical drawings and 
3D models

8. Analyse designs 
based on lean wastes 
and value-added

11. Apply digital skills to 
health and safety

16. Apply order of 
sequence
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Digital Skills and 
Data Management

Design codes and standards

In many countries government procured 
projects are required to be delivered within 
certain rules and regulations. This can include 
rules on using Building Information Modelling 
(BIM). For example, in the UK all centrally 
procured government projects must be 
delivered using the UK BIM Framework.

For the successful implementation of BIM, the 
following standards and guidance documents 
outline the concepts and principles needed for 
the whole life cycle of a built asset.

This includes strategic planning, initial design, 
engineering, development, documentation 
and construction, day-to-day operation, 
maintenance, refurbishment, repair and  
end-of-life.

Most of these standards are European 
standards and should be applicable to all 
countries; however, you should always 
check local guidelines, rules, regulations and 
standards applicable to the country in which 
your project is based.

l Digital design process
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This list contains several different  
document classes:

• British Standards, denoted by “BS”

• International standards that have been 
adopted by Europe as a European standard, 
denoted by “BS EN ISO”

• Publicly Available Specifications, denoted 
by “PAS”, which are rapidly developed 
standards, specifications, codes of practice  
or guidelines.

 The PAS documents are subject to review 
after a two-year period to determine if they 
require revision, to be withdrawn or become 
formal British or international standards.

The given standards and guidance are subject 
to change, though are current at the time of 
writing. is emphasised however, that the most 
up to date documents should be checked.

Applicable standards:

• PD 19650-0:2019 Transition guidance to BS 
EN ISO 19650

• BS EN ISO 19650 Organisation and 
digitization of information about buildings 
and civil engineering works, including 
building information modelling (BIM). 
Information management using building 
information modelling

• BS EN ISO 19650-1:2018 Part 1: Concepts 
and principles

• BS EN ISO 19650-2:2018 Part 2: Delivery 
phase of the assets

• BS EN ISO 19650-3:2020 Part 3: 
Operational phase of the assets

• BS 1192-4:2014 Collaborative production of 
information. Fulfilling employer’s information 
exchange requirements using COBie. Code 
of practice

• BS EN ISO 19650-5:2020 Part 5: 
Security- minded approach to information 
management

• PAS 1192-6:2018 Specification for 
collaborative sharing and use of structured 
Health and Safety information using BIM

• BS 8536-1:2015 Briefing for design and 
construction. Code of practice for facilities 
management (Buildings infrastructure)

• BS 8536-2:2016 Briefing for design and 
construction. Code of practice for asset 
management (Linear and geographical 
infrastructure)

Applicable guidance documents:

• Guidance Part 1: Concepts Information 
Management according to BS EN ISO 
19650 Brief, high level and aimed at a 
broad audience. It explores the general 
requirements of the ISO 19650 series 
alongside the case for building information 
modelling and digital transformation1

• Guidance Part 2: Processes for project 
delivery Explores the requirements of ISO 
19650-2 in increasing detail, resource 
summary and associated resource map 
have been included along with content 
covering information requirements generally 
and content considering the purpose and 
requirements of the BIM execution plan. 
Note: This guidance document will be subject 
to quarterly updates. ukbimframework.org

• Governments Soft Landings: Revised 
guidance for the public sector on applying 
BS8536 part 1 and 2, updated for ISO 
19650

1ukbimframework.org

https://www.ukbimframework.org/
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IT tools & digital design software

Digital design tools used during the design 
of offsite buildings are beneficial through 
different aspects. It is important to understand 
the advantages of Computer Aided Design/
Computer Aided Manufacturing (CAD/CAM), 
Building Information Modelling (BIM) and 
Computer Numerical Control (CNC) processes 
for the design, manufacture and on-site 
installation for offsite construction.

Offsite construction requires accuracy from 
the outset and therefore all information must 
be reliable. Digital design via effective use of 
information technology (IT) allows accurate 
digital information to be amended, adapted, 
interrogated, analysed, stored and shared as 
necessary. Once information has been created 
and stored it can be repurposed if required and 
reapplied to other projects, removing the need 
to start from scratch. A digital approach allows 
for errors to be identified and resolved early 
and for any potential issues to be avoided.

If used effectively, the appropriate digital 
tools can bridge the gaps between designer, 
manufacturer, client, supply chain, logistics and 
site, from inception right through to building 
management and demolition.

Computer-aided design and manufacture 
(CAD/CAM) software is used to design and 
manufacture prototypes, finished products and, 
in construction, building elements.

Computer-aided design (CAD) software is the 
platform which allows the end user to produce 
a customised conceptual design based on 
the standard components in accordance with 
specific requirements.

Controlling the manufacturing machines via the 
utilisation of software is regarded as computer 
aided manufacture (CAM).

CAD software can be integrated with CAM 
software to produce geometrical data to the 
computer numerical control (CNC) equipment.

A CNC machine is a production machine 
that is electronically controlled via software 
to increase quality, accuracy, repeatability, 
safety and efficiency and optimise production 
time and waste. A CNC machine uses digital 
information to control movement of tools on a 
number of axes for cutting, drilling and milling, 
for example.

CAD software can be integrated with CAM 
software to control computer numerical 
control (CNC) machinery and to produce 
manufacturing drawings and associated  
cutting lists.

l CNC assembly table and multi-function bridge 
for panel manufacture

l CAD/CAM software for panel manufacture
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Building Information Modelling (BIM) is the 
use of computer model data for the design, 
construction/manufacture and maintenance 
of a building asset. BIM is a process which 
utilises a 3D model to allow all parties involved 
to work from one true source. BIM allows for 
information exchange and clash avoidance  
as all building data is contained within the  
BIM model.

BIM platforms are based on collaborative 
workflow with a common data environment. 
With the inclusion of multiple stakeholders, 
offsite BIM design can incorporate planning, 
cost, time and more data in a single shared 
environment.

Designing models with BIM-enabled software 
can save time with ease of coordination 
between design stages. Three-dimensional 
(3D) models produced by different disciplines 
are often overlaid to coordinate the 
architectural, structural and specialist details 
with all information gathered, such as building 

elements, planning and cost. Coordination via 
BIM benefits from the clash detection of 3D 
elements, in addition to improving the  
accuracy of the building design. This is 
especially important in offsite construction, 
where room for error tends to be narrower  
than with in-situ construction.

BIM 3D models are also used to incorporate 
parametric modelling. With parametric 
modelling, changes in one component 
are reflected instantaneously in all similar 
components, making it possible to update the 
design more quickly. Parametric modelling is 
especially suitable for offsite digital design 
projects, where the offsite components can 
have set sizes. For example, a cross-laminated 
timber (CLT) panel can be programmed to 
have a depth of 100, 120 or 140 millimetres 
(mm) to match the products available from 
manufacturers. In this example, designers can 
avoid specifying CLT with depths of 130 mm, 
which would be challenging to source from  
the manufacturer.

l BIM enabled 3D model 



10

Successful offsite manufacture is based on 
effective information exchange between supply 
chains. BIM facilitates communication and 
information exchange between factories and 
design teams by creating data quickly and 
accurately with 3D models. These 3D models 
allow the production teams to compare what’s 
been manufactured in the factory to what has 
been designed in the office. In visualising the 
building elements digitally, the quality of the 
units can be checked and any defects shared 
in the common data environment. The bill of 
quantities can be automatically produced  
from the 3D model. Checking quantities of 
materials regularly during the design process 
can improve the predictability of building  
costs. More advanced models can also be 
virtually manufactured or assembled to  
reduce time taken, waste and defects of the 
finished products.

Stakeholders, such as logistics teams, find 
benefits of digital models for the accuracy 
of assemblies by using the information 
on dimensions and weight of elements 
manufactured offsite. BIM is all about 
collaboration, whereas CAD/CAM and CNC 
are all about a direct link from the design 
model into manufacturing. CAD/CAM is an 
integral part of the offsite design process which 
enables the export of manufacturing data from 
the design model or drawings. In addition, 
complex profiles can be cut consistently and 
quickly using CNC machines, making CNC  
very suitable for bespoke projects.

Sustainability advantages come in the form of 
improved efficiencies, building performance 
modelling, carbon and comfort simulations. 
The rapid prototyping and quick scenario 
evaluation offered by digital drawing packages 
also extend modelling and simulation software 
to inform the decisions for sustainable design.

A low carbon built environment is vital to 
governments worldwide. In the UK, compliance 
software is used to calculate and evaluate 
the amount of carbon dioxide emissions 
that buildings are likely to emit during their 
operational (use) phase. These are the 
Standards Assessment Procedure (SAP) for 
domestic and Simplified Building Energy Model 
for non-domestic. There is, however, a range 
of BIM-enabled software solutions that can 
provide vital information on:

• Thermal comfort

• Daylighting

• Energy consumption per area/appliance

• Operational costs

This is especially useful in the early stages when 
the design team is considering different design 
solutions for the same building. Conceptual 
and detailed design informing software allows 
for the design team to fully consider the effects 
their building will have not only on the end-user 
but also the local and national communities. 
Having this level of information at each 
design stage can significantly reduce errors, 
collisions and oversights which may have a 
negative effect on the building’s energy and 
carbon performance, thereby, reducing the 
performance gap.
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Materials and Products used in Offsite 
Construction

The understanding of different materials and 
systems available for any building project is 
critical. For offsite construction, it is absolutely 
vital that materials and systems are clearly 
considered and understood to ensure that  
they are compatible and meet the  
requirements of each specific project and 
method of construction.

The main types of materials used are:
• Steel

• Concrete 

• Timber 

• Composites/hybrid

The main methods of construction used are:
• Sub-assemblies and components

• Panelised systems 

• Volumetric systems

• Hybrid systems

Please refer to the “Offsite Manufacturing” 
module for further information on each of these 
material types and methods of construction.

Material characteristics and data may relate to 
their dimensional properties, mass, structural, 
fire and acoustic performance, among others. 
These characteristics can be sourced from the 
person or organisation creating the material 
within the software or simply downloaded from 
any BIM library online. Such libraries contain 
a wide range of BIM objects, allowing any 
person with a BIM-enabled software package 
to pick and choose any material, object or 
predefined build-up. Materials data does 
not always relate to BIM objects and can be 
sourced as structured asset data throughout 
the construction phase using the Construction 
Operations Building Information Exchange 
(COBie).

Non-graphical data such as COBie can be 
beneficial for an offsite digital design process. 
COBie is a standardised approach that allows 
the incorporation of essential information in 
the BIM process to support the operations, 
maintenance and management of assets by 
the owner and/or property manager. The 
approach is centred on entering the data as it 
is created during the design, construction and 
commissioning phases. Designers provide floor, 
space and equipment layouts while contractors 
provide the model and serial numbers of the 
installed equipment. The COBie format can 
be exported in various open-source formats 
allowing all stakeholders to have paperless and 
accurate data. It provides traceability of the 
design, construction and handover phase to all 
stakeholders and supply chain partners. 

l Timber frame closed panels

l Window sub-assemblies
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COBie format provides information for post-
occupancy decision making and is also used to 
manage and trace data throughout the entire 
lifecycle of the building. The offsite sector can 
benefit from the COBie format where all the 
data from each supply chain member can 
be shared, gathered and managed within 
a single format before the incorporation 
of the information into the design model. 
Sometimes required during the handover of a 
project, a COBie file also has major benefits 
on the planning of future maintenance. It 
should be noted however, that although there 
are numerous benefits of COBie files, they 
cannot manage the geometrical data and the 
relationship between elements.

Other non-graphical formats, such as Industry 
Foundation Class (IFC), can manage the 
geometric information and the relationship 
between elements. The creation of standard 
exchange formats, such as IFC and COBie, 
were created to support the interoperability of 
software. BIM files are typically created from 
different 3D modelling software such as Revit 
or ArchiCAD. The IFC and COBie formats allow 
for their data and graphical information to be 
viewed across different software solutions.

Parametric BIM objects with attached 
maintenance information can be used to assess 
different material and specification of the 
design. In this way, designers can easily identify 
the impact of different materials on key project 
variables, such as cost or energy performance, 
with just a few clicks.

l BIM Objects, 2D technical drawing & 3D model
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BIM enabled 3D models

The introduction of building information 
modelling (BIM) has been one of the main 
changes the industry and the built environment 
has been adapting to over the past 15 years. 
BIM enables the opportunity for offsite 
manufacturing more easily than traditional 
methods of design and construction.

Building Information Modelling, is commonly 
defined as a “digital representation of physical 
and functional characteristics of a facility 
creating a shared knowledge resource for 
information during its lifecycle, from earliest 
conception to demolition.”

BIM involves the project team collaborating on 
a construction project, through use of computer 
aided model data and provides interoperability 
and the exchange of digital information 
between varying software platforms.

Integrating BIM with enterprise resource 
planning (ERP), a comprehensive planning 
mechanism supported by ICT-based systems, 
as well as virtual and augmented reality (VR 
and AR) and a digital twin allows for informed 
decisions to be made at all stages. Project 
information can be shared earlier and more 
quickly, in a compatible and familiar format, 
reducing time and the potential for error.

The parametric aspect of the model automates 
changes in the digital design by adapting the 
geometry of the model. It allows designers 
throughout the first phase of the project to 
visualise the impact of any changes to the 
geometry, material or configuration upon the 
building performance. Thanks to parametric 
modelling, these changes can be made easily 
on the model, minimising the need to perform 
manual iterations.

Using a 3D model in an offsite context improves 
the coordination of the design and allows for 
clash detection between the building elements 
(e.g. services or foundations). Therefore, it 
improves both the accuracy and quality of the 
building and identifies potential issues so they 
can be resolved at the earliest opportunity.

Offsite and BIM share many drivers and 
advantages. The use of a BIM 3D model can 
improve productivity, quality and accuracy 
of the offsite manufacturing process with the 
automation of material estimation and creation 
of bill of quantities, which also facilitates the 
optimisation of waste. The list of benefits of 
using BIM 3D modelling to enhance offsite 
construction are numerous but the most 
significant benefit of using 3D models in an 
offsite context is to understand how elements  
fit together and interact on site.

The use of parametric modelling allows 
alternative design solutions to be modelled and 
adjusted digitally before any construction work 
commences. The parametric design optimises 
the building in a reasonable time frame by 
changing the configuration and characteristics 
of the building automatically. Parametric 
platforms provide flexibility on further design 
changes whilst resolving issues before the 
construction stage with clash detection, better 
visualisation and simulation.

As parametric design can resolve issues during 
the design stage before the handover of the 
building, the digital twin can be utilised to 
identify issues and potential risks when the 
building is in use. Through a failure mode and 
effect analysis (FMEA), the information  
collated on a digital twin model can mitigate 
potential risk. 
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A digital twin provides real-time information 
about the building by checking the status of the 
different building assets. Digital twin technology 
creates a pipeline between offices, factory and 
field, improving the resource management and 
communication between supply chain partners. 
The tracking of build assets throughout all 
construction phases can improve the delivery 
and assembly of a building using offsite 
construction methods.

The concept of BIM levels has become the 
accepted definition of what the required criteria 
to be considered as BIM-compliant are.

It has been acknowledged that the process of 
the construction industry shifting to working in 
a fully collaborative manner will be progressive 
and iterative. As such, distinct milestones have 
been defined in the form of 4 BIM levels, 
ranging from 0 to 3.

l Bew-Richards BIM maturity model
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The following definitions for the level of 
BIM maturity are typically as follows:

Level 0 BIM: CAD
In its simplest form, level 0 effectively means no 
collaboration. 2D CAD drafting only is utilised, 
mainly for Production Information (RIBA Plan of 
Work 2013 Stage 4). Output and distribution 
is via paper or electronic prints, or a mixture 
of both. The majority of the industry is already 
well ahead of this now.

Level 1 BIM: Managed CAD
This typically comprises a mixture of 3D 
CAD for concept work and 2D for drafting 
of statutory approval documentation and 
production information. CAD standards are 
managed to BS 1192:2007, and electronic 
sharing of data is carried out from a common 
data environment (CDE), which is often 
managed by the contractor.

To achieve Level 1 BIM, the Scottish Futures 
Trust states you should achieve the following:

• Roles and responsibilities should be  
agreed upon

• Naming conventions should be adopted

• Arrangements should be put in place to 
create and maintain the project specific  
codes and project spatial coordination

• A “Common Data Environment” (CDE) –  
for example, a project extranet or electronic 
document management system (EDMS) – 
should be adopted to allow information  
to be shared between all members of the 
project team

• A suitable information hierarchy should 
be agreed upon; this should support the 
concepts of the CDE and the document 
repository.

Level 2 BIM: Managed
Level 2 BIM is distinguished by collaborative 
working, and requires “an information 
exchange process which is specific to that 
project and coordinated between various 
systems and project participants” (Source: 
Scottish Futures Trust).

Any CAD software that each party uses must 
be capable of exporting to one of the common 
file formats, such as IFC (Industry Foundation 
Class) or COBie (Construction Operations 
Building Information Exchange). This is the 
method of working that has been set as a 
minimum target by the UK government for all 
work on public-sector work.

Level 3 BIM:
The application of one single model, being in 
operation at the same time.

Level 3 has not yet been fully defined; 
however, the vision for this is outlined in the UK 
Government’s Level 3 Strategic Plan. Within this 
plan, they set out the following ‘key measures’ 
to be secured with further funding:

• The creation of a set of new, international 
‘Open Data’ standards, which would pave 
the way for easy sharing of data across the 
entire market

• The establishment of a new contractual 
framework for projects, which have been 
procured with BIM to ensure consistency, 
avoid confusion and encourage open, 
collaborative working

• The creation of a cultural environment which 
is co-operative, seeks to learn and share

• Training the public sector client in the use  
of BIM techniques such as, data 
requirements, operational methods and 
contractual processes

• Driving domestic and international growth 
and jobs in technology and construction
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Interpret assembly drawings

Drawings and specifications serve as a means 
of communicating all relevant information with 
all parties involved in the project.

Clear, concise and detailed assembly drawings 
should be made available to the factory to 
provide manufacturing instructions, scheduling 
information and control measures to ensure 
that work is undertaken in accordance with the 
design and specification as intended.

Design and specification information should be 
issued in advance to all relevant parties.

All stakeholders involved in the project should 
be able to accurately interpret technical 
drawings. However, it is critical for the factory 
teams and skilled workers in the factory to 
be capable of interpreting, interrogating and 
understanding, confidently and as accurately 
as possible, those drawings that have been 
provided by the design team.

A full set of drawings, combined with 
associated and fully qualified bills of quantities 
(depending on the type of procurement) and 
cutting lists, enable the factory teams and 
skilled workers to produce an accurate end 
product (e.g. a sub assembly, wall panel, floor 
or roof cassette, or a fully completed module).

Assembly drawings are produced to 
effectively communicate the design intention. 
Therefore, they are created so that all 
necessary information is clearly presented and 
annotated for the assembly teams. To ensure 
that all necessary information is provided, 
communicated accurately and in a familiar 
format, the design team should follow standard 
drawing conventions. All drawings must be 
clearly annotated and standards symbols and 
line weight and type conventions adhered to. 

l Timber frame panel production drawing
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As designs frequently change, adapt or are 
amended during the project, production 
drawings are often superseded to reflect these 
changes, and should be clearly referenced and 
revised as necessary. To support any changes 
there must be effective document control/ 
change control protocol in place, which is often 
referred to as information exchange. Hence, 
it is important to know which drawings are 
in hand and ensure they are the most current 
revision and have not been superseded before 
work commences or recommences. The types of 
information that should be made available are:

• Materials list and specification

• Fixing schedule

• Fixing specification

• Manufacturers’ instructions

• Cutting list

• Loading list

• Special instructions

• Checklists

Production drawings are produced for different 
purposes and therefore do not always gather 
all the required information onto a single 
drawing. The title block on each drawing 
should indicate the purpose of the drawing.

Assembly drawings are produced as a full 
package and the degree of information and 
detail is different between each drawing. 
Within the package, drawings are organised 
with their different and specific purpose; for 
example:

• Detail drawings

• Structural drawings

• Services/MEP drawings

• Assembly drawings

• Lifting drawings

The learner must be able to understand:

• The purpose of technical details

• The intention of the design team

• The impact one specification can have on 
other offsite elements

• How to visualise the finished building 

The learner should also be able demonstrate 
a knowledge and understanding of the core 
elements, common annotations, symbols, 
abbreviations and special instructions included 
in a typical technical drawing.

l Digital communication
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Create and modify BIM objects,  
2D technical drawings and 3D models

BIM components should be true to the design 
intentions of the offsite elements. They need 
to include the required level of information 
for manufacture and assembly of offsite 
components. As well as creating BIM objects, 
the design team needs to create 3D models 
with parametric components from BIM-enabled 
design software.

Where BIM is specified, such 3D parametric 
models must gather the required information 
for the production of efficient 2D technical 
drawings and their associated data. The use of 
parametric modelling allows alternative design 
solutions to be modelled and adjusted digitally.
 
The parametric approach optimises the design 
of a building in a reasonable amount of time by 
changing the configuration and characteristics 
of the building automatically. By using a 3D 
BIM model in the offsite context, the user can 
understand how units, panels and modules 
are able to fit together and interact on site, 
thus reducing unknown assembly stages and 
improving the accuracy and quality of the 
building.

Based upon the required level of information 
required and the accuracy of the offsite 
component, different CAD software solutions 
are used to produce technical drawings and 
assembly drawings. The design intention from 
the design team should be understood from a 
set of technical drawings. The quality of the 
end product is based upon the quality of the 
information shared, thus the quality of technical 
drawings and models is critical.

When managing offsite construction digital 
design, it is important to understand the order 
of sequence and how value is gradually 
generated for the client at each stage, as 
well as which the most critical tasks are. The 
Offsite Management School define the order of 
sequence for offsite construction projects as 5 
main stages:

• Design for Manufacture and Assembly 
(DfMA)

• Offsite manufacture

• Logistics

• Onsite assembly

• Design for maintenance

l Exploded assembly drawing of a mass timber module 
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Procurement, 
tendering and 
contracts

Calculating quantities and  
estimating costs for 3D model

As mentioned previously, the introduction of 
BIM has been one of the main changes to 
which the construction sector has adapted in 
recent years. This adaptation has also had 
to take place in the form and tools used for 
estimating and controlling the costs of building 
construction.

Using a 3D model, accurate measurements 
can be obtained, enabling cost estimates to be 
made throughout the project life cycle.

The process in which BIM is used to help 
generate accurate cost and quantity estimates 
throughout the life cycle of a project allows 
the project team to see the effects of their cost 
changes during all phases of the project, which 
helps to efficiently control the budget when 
faced with possible project modifications.

In particular, BIM can provide the cost effects 
of additions and modifications, with the 
potential to save time and money, as estimates 
can be made in the early design phases of a 
project.

Some potential advantages are as follows:

• Provision of accurate quantities at 
different project stages, which will also be 
automatically updated in the face of possible 
modifications to the model

• Provision of traceability of data, from the 
design phase of the building, for use in the 
successive phases of manufacture, offsite 
construction and throughout the life cycle of 
the building

• Quick visualisation of the construction 
elements indicated in the budget and easier 
exploration of different design options and 
concepts from the point of view of the cost of 
the work

• Anticipate and report, with a high degree 
of accuracy and speed, the consideration of 
risks arising from design modifications and 
their cost implications
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3D models can be used during the procurement 
phase to create bills of quantities and cutting 
lists. By using a 3D model in a BIM-enabled 
software, it is possible to link the model and 
pricing software. When doing this, an up-
to-date bill of quantities must be produced 
thus avoiding any mistakes during costing 
and procurement. As quantities are changed 
automatically when using a parametric 3D 
BIM model, it allows the design team to test 
different design options and therefore limits the 
need to create new bills of quantities for each 
change in the design. Within the software, cost 
is linked to the type of material, components 
used in the design and the type of offsite system 
adopted. By using the 3D model, the quantities 
and the price estimation are then produced 
automatically. When the design is changed, 
then these values are automatically updated.

The use of a 3D model allows the assembly 
and logistic teams to understand the project 
assembly stages and organisation thus helping 
the procurement teams estimate the transport 
requirements. Before the on-site assembly, if 
the scheduling is incorporated within the digital 
model, the assembly stages of the building are 
visible in the software and it is easier to review 
the equipment required for on site assembly. 
To further improve the procurement phase, 3D 
models and digital twins are used throughout 
the entire lifecycle of the building, enabling 
accurate whole-life costs and quantities. In 
addition to this, when using a 3D model, hidden 
project costs and the expenses of each project 
stage are clearer. Consequently, compared to 
standard methods, the cost estimation will be 
more accurate.

The BIM model used for the cost estimation of 
the construction of the building must be created 
specifically for this purpose. Prior to the design 
phase it must be made clear that modelling will 
be undertaken in order to be able to:

• Assess the cost of the construction of the 
building

• Draw up the documentation required by the 
regulatory codes of each country with regard 
to the project budget

• To be able to monitor costs and possible 
economic deviations in the construction of  
the building

l 3D model of mid rise CLT structure
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When one of the proposed BIM objectives for 
the model is the extraction of measurements 
and the estimation and control of project 
costs, it is necessary for the modelling rules of 
the areas involved (architecture, installations 
or structure) to take these objectives into 
account. To this end, in the BIM workflows, 
communication must be established between 
the modeller and the person responsible for 
estimating measurements and cost. This is done 
in order to resolve the different contingencies 
that may arise and to define and improve the 
modelling standards with which all the teams 
involved in the design will work.

During the design process, the modelling of 
the building elements will be adjusted to BIM 
process standards to guarantee a common and 
quality information structure, there are several 
classification systems, according to the different 
countries:

• Uniclass y Uniclass 2015, developed in the 
UK by NBS or National Building Specification

• Uniformat, from the AIA or American Institute 
of Architects and the GSA or General 
Services Administration in the USA

• Omniclass, developed by CSI or Construction 
Specifications Institute in the USA

• GuBIMClass, developed by the Generalitat 
de Catalunya and the BIM Users Group of 
Catalonia (Spain)

The technician in charge of cost estimation 
should be a specialist in measurements of the 
building elements of the 3D model.

In BIM design workflows, these cost estimators 
require skills in BIM tools to automate certain 
measurement extraction tasks, and the updates 
of these in the event of changes to the models 
during the workflow.

However, in most cases, it is not possible to 
extract the measurements of all the building 
elements involved directly from the BIM models 
as sometimes it is not considered necessary to 
model them, so the specialist must evaluate and 
ensure the validity of the data and materials 
obtained through the data extraction. The 
cost estimator can always resort to alternative 
solutions to collect or modify this data.

Additionally, there are computer tools which 
facilitate the task of extracting data from the 
model to relate them to their corresponding 
definitions in the budget, such as Presto 
and Cost-it (RIB Spain), ITWO (RIB Spain), 
Archimedes and its link to Revit (Cype 
Ingenieros), TCQ (ITec).
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Designs based on lean wastes and 
value added

A supervisor should be able to make design 
decisions based on lean wastes. There are three 
types of activities:

• Value-adding

• Necessary non-value adding 

• Waste

The aim should be to work towards eliminating 
waste and reducing necessary non-value 
adding activities. To identify how you and your 
colleagues’ design impacts lean waste, you 
should think about the interconnection between 
design, manufacturing and on site placement 
and assembly in offsite construction.

For example, a design variation which may 
seem relatively insignificant in the early 
design process – such as resizing a window 
or changing the cladding – can have an 
impact on the processes down the line by 
decreasing standardisation in the design 
detail, procurement, manufacturing and on 
site activities. A good example of reducing 
necessary non-value adding activity is adding 
automation to drawing and model checks with 
functions such as clash detection. Checking 
drawings is necessary, but it does not create 
direct value to the client, so the more time that 
can be saved from these activities, the better.
 
Similarly, accurate specifications are critical  
to achieving quality in manufacturing and  
onsite assembly by removing waste activities 
such as the need for rework. However, the time 
spent detailing these specifications does not 
directly add value to the client and therefore  
it can be categorised as a necessary non-value 
adding activity.

Time is used more efficiently by preparing 
project and product specifications in a digital 
environment when utilising advanced object 
specification tools. Typically, National Building 
Specification (NBS) is the industry standard for 
creating such specifications, and their BIM-
integrated specification solutions – such as NBS 
Source, NBS Chorus, and NBS Create – should 
be taken advantage of. Together these tools 
allow for efficient product search, specification 
and collaboration. In turn, this can help to 
reduce the lean process wastes; e.g. when 
rework is needed on the specification as well  
as over-processing of the specifications.

Lean production is often described as “a 
holistic management philosophy, with quality 
production as the main goal”2.

Waste is not only defined as material waste but 
also as overproduction, corrections/rework, 
movement and processing.

Ways to reduce waste may be by a client lead 
focus on their requirements, focusing on what 
is bringing value to the client rather than the 
end product. It might be the people using the 
building or client profit, for example. 

The adoption or improvement of the following 
can contribute greatly to the reduction of waste:

• Leadership & Culture

• Change management

• Innovation

• Collaboration

• Quality

• Project management

• Business case

• Supply chain management

2The House of Lean Production
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The term Lean Production comes from a 
Western adaptation of the Toyota Production 
System (TPS) developed by the Japanese after 
World War II. The TPS sought to eliminate as 
much as possible activities that did not add 
value to the final product by obtaining better 
product quality at lower cost.

The concept of Lean Construction began in 
1992 with an article published by the Finnish 
researcher Lauri Koskela on the application 
in the construction sector of knowledge from 
the industrial sector that made it possible to 
improve the efficiency of construction processes, 
reducing cost overruns and unproductive hours, 
and increasing the final quality of the building.

In offsite construction there are two main 
circumstances to consider: activity offsite and on 
site. Offsite, the manufacturing process of the 
designed building is undertaken in a controlled 
factory environment where it is easier to 
produce predictable and repeatable results; 
however, in the on site assembly phase, some 
situations are less predictable. The application 
of Lean Construction methodology reduces 
the likelihood and occurence of unpredictable 
factors in all phases, making the overall process 
more efficiently programmable.

The value stream comprises all activity 
necessary to transform materials and 
information into a finished product or service 
delivered to the client. Some of these activities 
provide added value and others do not (e.g. 
waste or residues). Value can be defined 
as everything which the client benefits from 
e.g. functionality, cost, deadlines, quality, 
sustainability, etc.

In the management of construction processes 
through the Lean Construction approach, 8 
categories of waste are established. These are 
as follows:

• Unused Talent: When the person does not 
fit the work he/she performs, his/her talent, 
skills and knowledge are wasted.

• Inventory: Refers to excess inventory, e.g. 
materials that are not required in the very 
short term and often require storage. They 
can also degrade when they are not used 
and tie up the project budget.

• Movement/motion: When unnecessary 
movement of material, workers, equipment, 
etc. occurs in the workplace.

• Waiting: When a task cannot be started 
because a previously required task has 
not been completed or when workers 
have waiting times due to lack of material 
resources.

• Transport: Occurs due to erroneous or 
untimely movements of materials, workers or 
equipment.

• Defects: Refers to anything that needs to be 
done a second time because it was not done 
right the first time, resulting in wasted time 
and materials.

• Overproduction: When a task is completed 
before the next task in the scheduled process 
can be started.

• Over-processing: When features or activities 
are added to the process that have no value 
to the customer.

Lean methodology is based on identifying and 
eliminating such waste in the planning of the 
construction process to achieve an ideal project 
state with a continuous, uninterrupted, reliable 
and predictable workflow.
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This construction planning system has 
the particularity of bringing together all 
parties involved from the beginning of the 
construction process; i.e. from the design 
phase of the building. The owner (client), 
architect, engineers, general contractor, 
subcontractors and suppliers form a team that 
works collaboratively with the ultimate goal of 
constructing the building on schedule, without 
cost overruns and with the highest possible 
quality. The project team of specialists does not 
simply deliver a final product that is understood 
to satisfy the client, but from the outset (design 
phase) provides advice and assistance in 
shaping the client’s expectations.

In a broader sense, the project team can  
also include end-users, those responsible for 
future installations, regulatory authorities,  
and ultimately any person, company or 
organisation that has an interest, impact or 
outcome on the project.

It is important to note that there is no single 
approach to Lean Construction. There are a 
number of tools – including the Last Planner® 
System, Integrated Project Delivery, Building 
Information Modelling, 5s and Kaizen Events – 
that can be used in combination to achieve the 
optimum process fit.

Pull planning applied to construction projects 
starts by defining the last deliverable of 
the phase to be planned and from this last 
milestone. Essentially, the predecessor product 
that has to be completed in order to start the 
last milestone is analysed. This procedure is 
repeated from the end of the process to the 
beginning of the process.

Pull planning is based on the person 
responsible for each predecessor activity 
making a commitment to the client and  
agreeing the conditions for meeting this 
commitment (i.e., specification of the work to  
be carried out, dates, duration, quality, etc.).

This type of planning is one of the fundamentals 
of the Last Planner® System, which is one of the 
various Lean Construction tools that, due to its 
current widespread application in construction, 
will be analysed below. This tool is widely used 
in the UK, though other similar tools might be 
more prominent in other countries. Additionally, 
please note that availability and use of a 
specific software can change over time.

Last Planner® is a control system that 
substantially improves the fulfilment of activities 
and the correct use of resources in construction 
projects. It was originally developed by 
Ballard and Howell, the founders of the Lean 
Construction Institute.

The implementation of Last Planner® consists 
of generating intermediate and weekly 
schedules, framed within a master scheduling 
of the project. The project team members must 
participate in the realisation of these planning.

The Master Scheduling covers all key project 
activities from start to completion. The Phase 
Scheduling is derived from the master plan 
and can be focused for a timeframe of 3 
months, although this timeframe will depend 
on the characteristics of the project. The 
intermediate plans or phase scheduling are 
generated and executed successively until 
the end of the building construction process. 
The Commitment Planning (or Weekly Work 
Planning) is determined on the basis of the 
phase scheduling. This planning contains the 
activities to be executed each week.

The system is based on weekly meetings or 
Pull Sessions in which the workflow is analysed 
by measuring the level of compliance with the 
commitments made by the team members on 
the weekly production plan. These meetings 
identify and resolve potential constraints that 
hinder workflow progress, analyse the root 
cause of problems and eliminate non-value-
adding activities. These meetings allow for 
rapid process learning. In this way, project 
uncertainty is better managed.
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Health  
and Safety

Introduction

Health and safety is often portrayed as 
complex given the raft of legislation; however, 
it is very simple. It is about making sure that 
people are not injured or made ill at work. 
Employers should consider the work that is 
undertaken and identify the things that might 
cause injury or illness. Employers should then 
put measures in place to try and prevent injury 
or illness from happening.

Health and safety is not about making things 
difficult. If practised correctly, health and safety 
should actually make things easier. Health and 
safety is not a replacement for common sense. 
In fact, most health and safety is common 
sense. There are many benefits of using an 
offsite methodology to construction projects 
especially with respect to health and safety.

Using a digital approach will help solve  
many foreseeable risks earlier compared  
with traditional methods used. Health and 
safety considerations are critical from the  
outset of any project, and the responsibility  
for coordinating the preconstruction phase  
lies with the principal designer and  
designated health and safety personnel.

No one should be injured or made ill at  
work. Employees have a right to be kept 
healthy and safe at work. Employers have  
a moral duty to look after the health, safety 
and welfare of their employees. It is not 
acceptable for an organisation to put the  
health and safety of people at risk or to put 
profit ahead of protecting the workforce.  
Using three-dimensional digital models can 
provide greater opportunities to identify 
and design out foreseeable risks at an early 
stage, as digital software allows for improved 
planning of the design and construction  
phases and supports doing the right thing. 

l Personal Protective Equipment
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Employers and employees must comply with 
health and safety laws in their respective 
countries. If you or your employer break health 
and safety laws, you can expect some legal 
action to be taken.

Following a health and safety inspection an 
improvement notice or prohibition notice may 
be issued. An improvement notice is issued 
when an inspection believes there has been 
a breach of health and safety regulations or 
standards – which is essentially breaking the 
law. The inspection identifies what needs to be 
done and gives the employer a certain amount 
of time to put it right. A prohibition notice is 
issued when the inspection thinks there is a risk 
of serious injury. The inspection prohibits the 
activity until the problem has been resolved 
satisfactorily. Inspection can also prosecute a 
company, individual directors or employees in 
the criminal courts.

The use of digital animations to review and 
better communicate certain construction 
sequences and options, access, hazards and 
risks in a risk-free virtual environment mitigates 
legal actions. These identified advantages 
must be utilised from the outset of any project. 
Otherwise, the opportunities can be lost and 
legal situations could arise.

Employers have many legal duties relating to 
health and safety. The main minimum duties are 
to be followed from Directive 92/57/EEC.

Employers must:

• Provide a safe workplace

• Provide safe work equipment

• Provide adequate welfare facilities 

• Provide suitable personal protective 
equipment

• Provide information, instruction,  
training and supervision

• Have an effective system for managing  
health and safety 

• Carry out risk assessments 

• Put control measures in place to reduce risks 

• Enact emergency plans 

• Communicate with the workforce on health 
and safety matters

Employees also have some legal duties in 
relation to health and safety.

Employees must:

• Take reasonable care of themselves  
and others 

• Not put themselves, or others, at risk by  
what they do (or don’t do)

• Co-operate with their employer or the site 
manager on health and safety matters

• Report anything that they think is dangerous 
to their employer or person in charge of  
the site
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Health & Safety considerations for 
common materials and products

The impact of offsite construction on health 
and safety has been proven repeatedly and is 
often highlighted as a major benefit of offsite 
construction. However, the impact of health 
and safety on the design is a different subject 
and it is important to understand how health 
and safety influence the material, products and 
systems selected during design.

During offsite construction processes, numerous 
stages need to be considered during design, 
such as the manufacture, transport and 
assembly. These stages have varying health 
and safety concerns.

Specific assembly order of units, modules or 
panels directly impacts the building design and 
how elements fit together and interact. The 
limitation of weight and size following health 
and safety requirements of transport and 
assembly impact the modularisation design of 
the building. Thus, health and safety aspects 
need to be incorporated at the very beginning 
of the design.

When assembly is required between cladding, 
modules or any other structural elements, 
there is a need during the design phase to not 
only consider how elements fit together but 
also how they are going to be fixed together. 
Connections between elements have to be 
accessible on site and the access needs to be 
easy in order to reduce potential risks. Complex 
assembly processes can cause health and safety 
issues and the complexity of the development 
of a building is based on the materials and 
systems used. There are other considerations 
which are directly related to health and safety 
aspects; for example, the buildings buildability, 
which influences the design of the offsite 
elements. 
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The materials chosen and the design of the 
elements (i.e. units, modules and panels) are 
also influenced by the risks involved in the 
offsite construction phase. The dimensions 
and weight of a slab or a floor will differ 
significantly depending on the materials chosen, 
where common examples include precast 
concrete, light gauge steel and mass timber.

Health and safety significantly influences the 
design stage. Therefore, the influence on the 
design can impact the choice to use offsite 
methods. However, when there is a need for 
minimum site disruption, the choice for an 
offsite approach is preferable.

For the concrete industry, there are different 
risks associated when the elements are 
formed in-situ or precast. Although there are 
benefits of using precast for the installation, 
particularly with respect to the speed of 
placement on site, the risk related to the 
transportation of large precast elements 
increases. The early design phase thus needs 
to adapt to the size of sections, specifically 
with respect to transporting, lifting and the 
assembly of modules, units and panels. Further, 
prefabrication improvement exists where 
cladding panels are fitted with windows and 
doors during the manufacturing stage in the 
factory, thus reducing the time spent working 
onsite, at height, during the assembly.

Designers can reduce the number of potential 
hazards and accidents if consideration is given 
to the points discussed during the design stage. 

l Pre-cast cladding panels
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Digital practices (4D) for  
health and safety

As mentioned in a previous section, Building 
Information Modelling (BIM) supports 
the digitisation of construction and uses 
information relating to the assets to build 
a three dimensional model with supporting 
intelligent, structured data attached to them. 
It is a way of working underpinned by digital 
technologies to unlock more efficient methods 
of designing, creating and maintaining assets. 
The information contained within the models 
facilitates better decision making, resulting 
in better business outcomes, improved 
communication, and enables de-risking of 
construction activities.

Building Information Modelling (BIM) and 3D 
visual media can play an important role in 
reducing health and safety risk during design 
and through the project lifecycle. When 
reviewing typical orthographic drawings 
(i.e., 2D elevation and sectional views) of a 
design, the complexity of the drawing can 
often hinder interpretation and the ability to 
visualise the design and identify potential risk. 
A 3D model provides an unambiguous view 
of the design and allows users to undertake a 
more subjective and focused assessment of the 
design in relation to its real world. Meanwhile, 
4D object data corresponds to the planning 
data incorporating the construction phase 
information. In simulating the transport and 
assembly of a project, the potential risks and 
hazards are visible, allowing assembly teams to 
mitigate accordingly.

Such modelling allows designers to have a 
greater understanding of the hazards within 
the context of a given site, allowing hazards 
to be identified in advance of building work 
commencing. Mitigation measures can be done 
via training sessions using digital technologies 
with fabrication and assembly teams in a virtual 
factory environment, for example.

Using 3D and 4D models can significantly 
help reduce health and safety risks. Four-
dimensional object data corresponds to the 
planning data incorporating the construction 
phase information. In simulating the transport 
and assembly of the project, the potential risks 
and hazards are visible, allowing assembly 
teams to mitigate accordingly. Part of the 
mitigation measures can be carried out via 
training the assembly teams in a virtual factory 
environment. Visualisation of the project tasks 
in a digital environment, including the use of 
augmented and virtual reality, allows workers 
to practice the task and sequence. This type of 
training is particularly beneficial for complex 
and high-risk tasks. 

A 3D model combined with a 3D scan of the 
site provides valuable information for the 
planning team. Specifically related to offsite, 
if the model is shared with the assembly and 
lifting teams it optimises the lifting sequence, 
reducing the uncertainty and movement onsite. 
Hence, the health and safety of the project  
are improved.

l High rise construction
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Within a 4D BIM environment, the assembly 
sequence is visible and workers can view the 
site before work is carried out on site. This 
enables workers to detect any restrictions 
during the construction phase as well as having 
a realistic first impression of the site. The 
different stages of the project and the evolution 
of the building are visible within a 4D BIM 
environment, thus facilitating the potential risks 
and hazards.

The live progress of the building on site is 
populated in a 3D BIM environment, which 
identifies potential hazards due to change in 
the site configuration. Models used during the 
construction phase are not only beneficial over 
the course of the building’s life cycle but also 
for the management of maintenance and the 
disassembly process at its end life. 4D BIM 
planning used during the end life of a building 
provides important information on the building 
geometry for the disassembly sequence 
thus reducing the risk of potential hazards. 
The combination of Design for Manufacture 
and Assembly with Disassembly (DfMA+D) 
processes improves the overall safety of  
the operations.

Because BIM can be used to facilitate the 
testing and practising of design solutions, this 
allows potential solutions to be modelled, 
assessed, and compared against alternative 
solutions in terms of their relative benefits 
and risks. Augmented or virtual reality 
techniques can be used to build a site in a 
safe environment, where risks can be explored 
without the danger of harm to workers or 
resources. In this way, the site can use a digital 
twin; once in a virtual environment, where 
mistakes can be made and different designs/
materials explored without jeopardising health 
and safety or introducing additional risk, and 
then applied again in the real world.

Where 4D BIM is used, which incorporates 
time as a parameter, the risks present and the 
progress complete to date can be assessed for 
different stages of the project lifecycle. 

Experience has shown that the benefits of BIM 
during the planning phase include:

• Design solutions can be configured and 
assessed without exposing workers to risk

• The benefits, risks and costs of different 
solutions can be compared

• Workers can gain a better understanding 
of the project and its requirements, and can 
plan future activities more effectively

• 3D visualisation allows problems to be 
detected at an early stage in the project

• Clashes can be eliminated or mitigated 
quickly, reducing risk on site

• The model facilitates collaborative working, 
and speeds up the rate of decision-making

• Workers are able to gain a greater 
understanding of the project and the 
intended sequence of works

• Workers can provide input to improve the 
project plan and reduce risk

• Potential issues can be identified and steps 
taken to address or mitigate them 

• BIM objects can be used in planning health 
and safety and logistics on site

The successful implementation of BIM methods 
and processes can deliver benefits in producing 
efficient, coordinated designs, allowing clear 
presentation of complex and challenging 
construction information to a variety of 
audiences, while reducing health safety risks 
through inherently safer design and practice. 
The digitisation of information through BIM 
enables more cohesive collaboration between 
designers, engineers and construction workers, 
in essence the complete construction team and 
public also. With all data and documentation 
available from a central electronic location, all 
parties are able to access and discuss the same 
information. This improves project co-ordination 
and facilitates early collaboration providing 
opportunities to identify hazards, mitigate risks, 
and share health and safety information from 
the outset.
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Digital skills for health and safety

The advantages of adopting an offsite 
methodology within a construction project can 
allow for greater freedom of problem-solving 
for many foreseeable risks normally associated 
with a traditional construction project. Health 
and safety considerations are critical from the 
outset of any project, the responsibility for 
coordinating the preconstruction phase will 
lie with the principal designer. By using three-
dimensional digital models, this can provide 
greater opportunities to identify and design out 
foreseeable risk at an early stage, as a result of 
better planning of the design and construction 
phases. Additionally, time-lapse animations can 
be used to review and better communicate the 
construction sequences and options, access, 
hazards and risks. These identified advantages 
must be utilised at the onset of the project – 
otherwise, the opportunities can be lost.

PAS 1192-6:2018 sets out how health and 
safety information can be identified, shared 
and used by the key players in the construction 
process, from initiation to handover.

As digital technologies become more widely 
utilised in designing buildings and more general 
built environment infrastructure, questions arise 
about their impact upon construction safety. 
Modern methods of construction bring to the 
fore relationships between construction safety 
and digital design practices with the objective 
of mitigating safety concerns. Many digital 
tools are now commonplace in the design, 
construction and operation of buildings, such as 
virtual reality, geographic information systems, 
4D CAD, Building Information Modelling and 
sensing technologies – all of which should be 
addressing safety issues in the construction 
phase. The impact of digital technologies in 
offsite construction especially on health and 
safety is proven and is seen as a major benefit 
of offsite construction.

Building elements such as modules, open and 
closed panels, cassettes and sub-assemblies 
are manufactured offsite in a controlled factory 
environment using specialist plant machinery. 
This process reduces waste and increases 
control, leading to a lower environmental 
impact. Entire modules can be delivered to site 
prefabricated with electrics, plumbing, heating, 
doors and windows installed, thereby reducing 
the onsite building programme and accelerating 
the overall construction process. The reduced 
on-site building time, coupled with the 
controlled manufacturing environment, reduces 
the risk of accidents associated with traditional 
construction sites.

These digital methodologies used in the 
construction industry could reasonably expect a 
significant reduction in incidents if it adopted a 
more manufacturing mindset, such as Design for 
Manufacture and Assembly with Disassembly 
(DfMA+D) processes, which improve the overall 
safety of the operations.

l Digital model in VR, Dyson Institute of Technology
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Factory construction methods pose far fewer 
risks for both workers and the general public 
compared with inherent dangers of a building 
site. The advantages of adopting an offsite 
methodology within a construction project can 
allow for greater freedom of problem-solving 
for many foreseeable risks normally associated 
with a traditional construction project. Health 
and safety considerations are critical from the 
concept stage of any project. By using multi-
dimensional digital models such as BIM,  
several opportunities to identify likely risks 
can be provided at an early stage, as a result 
of better planning of both the design and 
construction phases.

Two-thirds less energy is required to produce 
a building using offsite and modular 
methodologies, compared to an equivalent, 
traditionally built project. Typically, compared 
with traditional methods, offsite and modular 
methods involve half the time onsite, resulting in 
much fewer vehicle journeys around the project 
which, in turn, reduces CO2 emissions.

Offsite construction delivers a significant 
reduction in waste. No hazardous materials 
are sent to site, as the Control of Substances 
Hazardous to Health (COSHH) is controlled 
and managed off site in the factory. The impact 
on the local environment is also reduced, as 
there is less noise, packaging and emissions. 
These matters will have been addressed 
and resolved in the factory environment, 
which allows for far greater efficiencies in 
environmental control measures and materials.
 
The materials chosen and the design of the 
elements (i.e. units, modules, panels, sub 
assemblies,etc.) are also influenced by the 
risks involved in the modular construction 
phase. For instance, the dimensions and weight 
of a slab or a floor will differ significantly 
depending on the material chosen, where 
common examples are precast concrete, 
light gauge steel and mass timber. It is at 

the design stage that health and safety can 
significantly influence the material choice. The 
early design phase thus needs to adapt to the 
size of sections, specifically with respect to 
transportation, lifting and the fabrication and 
assembly of modules, units, sub-assembles and 
panels. Further prefabrication improvement 
exists where cladding panels are fitted with 
windows and doors during the manufacturing 
stage in the factory, thus reducing the activity 
and time spent working on site, at height, 
during the assembly. Effective early digital 
design can reduce risk through identification of 
potential hazards if consideration is given and 
communicated effectively across the entire team 
at the design stage.

Offsite construction can provide cleaner, 
safer working conditions. The factory-based 
conditions of offsite enable safety requirements 
to be more easily met, monitored and 
regulated, which leads to better quality, a 
reduction in the level of defects and improved 
quality control procedures, especially where 
processes are semi- or fully automated.

The limitation of weight and size following 
health and safety requirements of transport 
and assembly impact the modularisation 
design of the building. Thus, health and safety 
aspects need to be incorporated at the very 
beginning of the construction design process. 
For example, when assembly is required 
between cladding, modules or any other 
structural element, there is a need during the 
design phase to not only consider how elements 
fit together, but also how they are going to be 
installed. Connections between elements have 
to be accessible whilst onsite and the access 
needs to be easy to reduce potential risks; all 
of these buildability aspects would have been 
considered during the design phase with the 
use of digital techniques prior to being onsite.
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Management and 
Planning strategies

Lean methodologies and order of 
sequence for digital design

As mentioned in a previous section, when 
managing offsite construction digital design, it is 
important to understand the order of sequence 
and how value is gradually generated for the 
client at each stage, as well as which the most 
critical tasks are. The Offsite Management 
School define the order of sequence for offsite 
construction projects as 5 main stages:

• Design for Manufacture and Assembly 
(DfMA)

• Offsite manufacture

• Logistics

• Onsite assembly

• Design for maintenance

Through each of these, value is generated to 
the customer and lean wastes are reduced by 
applying an industrialisation mindset in this 
approximate order:

• Leadership & Culture

• Change management

• Innovation

• Collaboration

• Quality

• Project management

• Business case

• Supply chain management 

In lean thinking, it is important to have not 
only a robust sequence but to also create a 
consistent flow of activities driven by clients’ 
requirements. This is often referred to as a 
‘value stream’ and can help to reduce lead-in 
times whilst creating value for the end-user.
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An important consideration when managing 
the digital design of off site constructed 
projects is not to think of the design as the final 
product which generates value for the client. 
Regardless whether you are working on the 
MEP (mechanical, electrical and plumbing 
engineering) systems, the architectural 
concept, the structural engineering or any 
other design aspect, consideration should 
be given to the holistic value to the client 
along the value stream of the whole process 
lifecycle. The end user’s actual goal could be 

to use or rent the built asset, and the design 
process is one of the first steps to achieve this, 
followed by manufacturing, logistics, onsite 
and maintenance operations. To achieve this 
the whole value stream can be mapped, to 
demonstrate how planning work can create 
maximum value for the downstream processes 
whilst reducing unnecessary waste activities. 
After this the value-adding activities can be 
pulled just-in-time by the client, creating a lean 
critical path from start to completion. 

l Dyson Institute of Technology
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Common IT tools

As new and emerging technologies arise in the 
built environment, the way of managing and 
planning projects is changing. Today, many 
technologies exist to ease the planning of offsite 
construction projects, such as cloud computing, 
which aim to improve asset management and 
facilities management through the access of 
IT tools. As well as having an emphasis on 
managing assets, new digital tools tend to 
focus on the collaborative aspect of working, 
allowing easier communication between the 
project stakeholders, therefore, reducing the 
overall time and cost. 

l Cloud-based, mobile- enabled construction management platform
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The development of collaborative work 
environments (CWEs) have allowed an obvious 
improvement in the flow of the different phases 
of the project. As developed in different 
sections of this module, the implementation of 
the BIM methodology in construction projects 
has been a revolution in the management of 
the entire building built, from its origin in design 
to its delivery to the owner. In this area, there 
are many planning software that improves the 
management of resources and times, facilitating 
through the cloud collaborative work that has 
resulted in a reduction of the overall cost and 
time spent. The ability to access all building 
data that is up-to-date and visible to all agents 
carries the greatest agility in resolving critical 
issues that may arise. It should be noted that 
although access to information is for everyone 
the same, the ability to edit the data is not. 
Each team will be enabled by the person 
responsible for guarding this space, so that it 
can only make modifications to those elements 
that belong to them. However, it is obvious the 
advantage of working on the same model as 
you can avoid interference between systems or 
components and solve other types of joints.

Based on Last Planner® System, several 
software solutions for production management, 
tracking and control on site can be found 
on the market and can be integrated in a 
collaborative environment.

Examples of these software packages are: 
BIM 360 Plan, Impera, Proplanner (Ipsum), 
TouchPlan, or Cocoplan (Think Productivity). 
By considering the design to be made in a 
shared digital environment, it helps project 
management teams to visualise, share and  
plan projects faster. The shared digital 
environment allows architects, engineers and 
contractors to work collaboratively and see  
the project progress.

These technologies can provide a means to 
manage multiple projects across multiple sites. 
As an example of cloud computing, industry 
software providers such as Trimble (Trimble 
Connect/ Project) have developed cloud-based, 
mobile-enabled construction management 
platforms which integrate:

• Project planning

• Engineering

• Physical control

• Budgeting

• Document management 

Each of which are of particular benefit to  
large projects.

Several large UK construction companies 
(e.g., Skanska, Balfour Beatty) have already 
successfully digitised their project management 
workflows. The cloud-based solution brings all 
project participants and financial data together 
in one collaborative platform and provides 
the information necessary to make critical 
business decisions. These digital platforms are 
easily accessible by all project members from 
the architects and engineers to the general 
contractors and client. While all the project 
information is gathered on the same platform, 
the degree of accessibility is based upon 
the involvement of the people in the project. 
Everyone involved in the project can see the big 
picture, right down to the tiniest detail.

Also, cloud computing is a way of sharing 
data through the internet without the need 
to work on the same software. Each party 
in engineering, fabrication and project 
management is working from their usual 
software and can combine their data with all 
members to have a single model gathering all 
information from all sources. 
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Early engagement with designers

In offsite construction, the early selection by the 
designer of the prefabricated system that will 
be employed in the construction of the building 
is key to the good development of the process.

As each manufacturer has a different system, 
with specific modulations and conditions, the 
designer must be familiar with and have a good 
understanding before commencing work in 
order to ensure that the project is buildable.

The early engagement of stakeholders in the 
design is often quoted as a key component 
to the success of an offsite construction 
project. Early engagement of manufacturer 
and construction within the design are key to 
improve the incorporation of prefabrication and 
modularisation in the design and construction 
process. By engaging the different stakeholders 
as soon as possible in the design, it creates 
a larger panel of experts and hence better 
expertise across all aspects of the project. That 
is, involving from the outset the different actors 
who will intervene in the construction process, 
improves the quality of the project by being 
able to examine it from different perspectives.

Working on the building model collaboratively 
allows project partners to view and modify, 
where appropriate, exact details and finishes 
practically in the initial design stage. Especially 
useful is this for customers and their clear 
understanding of the building, enabling them 
to make changes, delete elements or modify 
spaces, as they see the building as it would 
really look. This has an impact on cost and 
time savings through an improvement in 
communication as well as an improvement in 
the management of the waste generated,  
which is always lower in an offsite work than  
in a traditional one.

l Effective communication is critical
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The early involvement of stakeholders in the 
design is important, as well as the early use 
of 3D models within the BIM environment 
enhancing the collaborative work and 
communications between the parties. By 
modelling buildings early, it allows different 
project partners including clients to view 
and confirm or disapprove exact details and 
finishes virtually in the very early design stage. 
Also, through the application of collaborative 
methods of working, BIM innovates the 
processes used for the production and 
management of construction information. 
From the BIM model created early in the 
project stages, it is possible to view the 
building collaboratively, therefore, leading to 
improved communication and trust between 
stakeholders enabling rapid decision finally 
leading to savings in cost and time. By working 
collaboratively, the communication at all 
levels is also improved; thus, there is better 
anticipation of problems reducing waste due to 
improved construction management and hence 
a reduction in cost.

There are guidelines or digital work plans 
(each country has its own, although the basis 
is common for everyone) which mark the steps 
to follow from the concept of the project by 
the developer, to the delivery of the finished 
building to the client. In the case of offsite 
construction, the design in Stages 3 and 4 
(refer to the next section) can be decisive in 
addressing the construction requirements of 
the building. This initial work in the design 
will prevent variations that alter the budget or 
cause delays in the delivery of the building. It 
is therefore very important to be involved from 
the beginning of the process using 3D models 
within the BIM environment.

The early incorporation of offsite within the 
design reduces potential rework when arriving 
at stage 3: Spatial Coordination and stage 
4: Technical Design of the RIBA plan of work 
2020. In current projects, the use of offsite 
manufacturing and other modern methods of 
construction is only considered first at Stage 
3 or even Stage 4. As well, the early design 
investigation prevents costly and time-consuming 
redesign at later stages. 
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Digital Plans of Work and  
Digital Overlay

As a result of the application of the BIM 
methodology in building and civil works 
projects, in most EU countries a work plan has 
been established which corresponds with the 
life cycle of the project. This life cycle runs from 
the moment a business possibility arises until 
the building is in use. Since the stakeholders 
involved in the process are numerous and will 
not always be present and involved throughout 
the entire cycle, such plans of work are divided 
into phases such that it is easier to identify the 
specific actions in each phase and the people 
and/or organisations involved.

While the Royal Institute of British Architects 
(RIBA) Plan of Work is used in the UK to 
provide clarity and consistency over the 
different stages of a construction project, there 
is no focus on projects using offsite methods.

This being said, the DfMA overlay of the RIBA 
Plan of Work highlights aspects which are to 
be considered within all stages in order to 
complete a project using modern methods 
of construction by defining DfMA and digital 
processes, such as BIM.

BIM is facilitating a culture of innovation and 
collaboration that assists in the adoption of 
DfMA. Through BIM, designers are creating 
highly detailed, data-rich, fabrication quality 
models which are benefiting the project stages 
from Stage 1: Preparation and brief to  
Stage 7: Use.

In the following paragraphs, the RIBA Plan of 
Work stages will be defined in conjunction with 
their BIM and DfMA considerations in an offsite 
construction project context. 

• At Stage 0: Strategic Definition, 
consideration must be given as to how DfMA 
might impact the business case and if possible 
gather cost and programme data from 
previous BIM models to set models. Also, 
consider establishing a BIM object library 
if components are going to be used across 
multiple projects.

• At Stage 1: Preparation and brief, 
the feasibility of high-level DfMA objectives 
must be tested to encourage the design 
teams to embrace the approach in the 
following stages. BIM is used for the 
preparation of feasibility studies including 
data-rich ‘placeholder’ objects with limited 
geometry to assist in the preparation of Cost 
Information. BIM is used to test and optimise 
the Initial Project Brief. 

• At Stage 2: Concept design, the design 
team needs to focus the time and effort 
on creating the bespoke elements of the 
project, while optimising the use of BIM and 
standardisation to automate the production  
of repetitive information. Also, it is important 
to develop the BIM model and the related 
data to the level of development set out in  
the design responsibility matrix. The use of 
BIM may also allow more accurate data to 
be produced at Stage 2, rather than relying 
on information generated by the rule of 
thumb, further reducing stage 3 timescales  
as a result. 

• During Stage 3: Spatial coordination, 
designers need to coordinate within the BIM 
model the building elements designed with 
prefabrication in mind. If the construction 
strategy considers properly the DfMA aspect 
from Stage 2 and the building components 
are developed during Stage 3

• Then Stage 4: Technical design,  
should be the creation of design intent 
information and fabrication information from 
model and drawings. Also, Stage 4 should 
not be rushed and started before Stage 3 
is fully finished. When Stage 3 is finished, 
the planning application is submitted, thus 
without further changes, from the planning 
application, Stage 3 and Stage 4 should  
not overlap.
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• From Stage 5: Manufacturing and 
construction, the production of offsite 
components starts and the site is prepared. 
Digital technologies are used to track each 
step of the manufacturing, packing, logistic 
and delivery process but also to train site 
relatives by visualising the BIM model. BIM 
components are linked to assembly manuals, 
method statements and quality records for 
feedback, future use and learning.

• Finally, for Stages 6 and 7: Handover 
and Use of the building, relevant 
information linked to the building must be 
linked to the BIM components for feedback 
and future use. During the life of the building, 
consideration may be given to utilising 
effective management techniques to maintain 
an up-to-date BIM model of the building;  
e.g. the development of a digital twin for  
the building.

For each phase, BIM guides give some 
recommendations to follow. The aim is to 
offer designers a way of working in order to 
facilitate the collaborative work between the 
different stakeholders who will contribute to the 
development of the project.

These recommendations are especially relevant 
in Stages 2,3,4 and 5 in which design and 
construction are carried on.

In the context of offsite construction, there 
will be special requirements to fulfil e.g. the 
limitations of height and length that chosen 
industrialised system will impose, the transport 
of elements and their assembly on site etc.

As BIM methodology is essentially a 
collaborative working methodology, it is 
very important to define the architectural 
modelling that will be the basis of the rest of 
the models and an essential part of analysis 
and simulations throughout the project lifecycle. 
Thus, before identifying the work phases, 
it is important to indicate what is meant by 
‘architectural model’ in BIM, which can be 
defined as:

“The digital representation of a property using 
computer tools, including graphic, non-graphic 
and documentary information, is understood 
as a ‘model’. This representation can be very 
simple in the early stages of a project or 
cover all the information necessary for the 
exploitation of the asset in the most advanced 
phases. The model can adhere only to the most 
relevant technical disciplines of the project 
(architecture, structure, installations, etc.) or 
integrate them into a single document. The 
‘architectural model’ is therefore the digital 
representation of a property that includes the 
architectural elements of it.”

Because of such considerations, applying the 
Designing for Manufacture and Assembly 
(DfMA) methods to design the building adds 
benefit to the process. DfMA comprises a 
set of techniques and methodologies for the 
improvement of the design, or redesign, of 
a product and have as their main objective 
to improve the aspects of manufacturability, 
assembly and costs.

Their principles are:

• Minimise the number of parts

• Minimise the number of screws or fixing parts

• Standardisation

• Avoid the use of difficult components

• Minimise reorientation

• Use self-location features

• Avoid the use of special tools or special 
testing equipment

• Allow accessibility

• Minimise the number of operations and steps 
in the process

• Use modular sub-mounts

• Use multifunctional parts
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Order of sequence

For further benefits of BIM on offsite 
construction, an additional dimension can be 
added to the model. Sequencing data, called 
4D, can be attached to the BIM objects, thus 
allowing the model to show the order of 
sequence of offsite components on site.

The use of 4D has great advantages such as 
increasing the use of prefabrication, reducing 
costs, improving efficiency and productivity, 
generating schedules in real time and finally, 
the most noteworthy advantage – the possibility 
of creating a digital twin of the building to  
be constructed.

By having the data incorporated in the BIM 
model, every aspect of manufacture, logistics 
and assembly will be tested and rehearsed 
before work starts onsite.

A 4D BIM model optimises the planning phase 
and saves money by avoiding rework and 
identifying issues in advance. It improves the 
predictability of your project by understanding 
in advance which offsite component goes first 
on site, therefore, reducing time wasted on site 
organisation. The quality of the finished product 
is as well improved by reducing the number of 
unknown assembly stages on site.

Finally, 4D planning allows a live digital 
representation of the state of the constructed 
building by using a digital twin model. The 
digital twin is typically developed in advance of 
construction commencing. In this way, the entire 
pre-phase of experimentation is carried out with 
virtual replication, reducing risks and costs.

As the plans of the building change, the 
digital twin updates to the final version which 
will guide the construction of the building. It 
captures any changes throughout the assembly 
of the units on site, thus improving the capture 
of onsite data and feedback. This allows 
experimentation and testing without taking any 
real risk. The digital twin gathers and processes 
all the information generated allowing the 
capture of the changes given during the 
assembly in situ and being able to correct them 
if necessary.

Software providers such as Bentley 
have created Synchro as a 4D platform 
for construction scheduling and project 
management. The software has strong 
interoperability with other software by allowing 
scheduling and BIM data from any file formats 
being imported. The platform can also carry 
out cost and schedule analysis as well as mixed 
reality with project data and safety planning.
 
The tools currently leading the market are:

• Autodesk® Navisworks® . Used with Revit, 
works great with medium-sized projects. 

• Bentley® SYNCHRO 4D (“Virtual 
construction, planning, and model-based 
workflows”) and Bentley® Synchro Pro  
(“4D Virtual Construction Programming  
and Simulation”). 

When linked with AR or VR, such software 
allows the visualisation of the site and the 
assembly of offsite components on a 1:1 
scale, therefore all the work done on site 
can be prepared in advance. Due to the new 
construction and assembly processes linked 
to offsite, site operatives can be trained in 
advance to perform difficult tasks. 
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Factory  
operations

Current and emerging  
technologies (offsite)

New and emerging technologies are being 
adopted and implemented by the construction 
industry at an increasing rate, particularly 
applications which aid the execution of 
construction processes, from the design phase, 
through manufacturing to on site assembly. 
The adoption of these technologies has a 
positive impact on performance, delivery 
time, quality and health and safety. In both 
traditional construction and industrialised and 
offsite construction, it is being progressively 
implemented.

Offsite construction methods tend to have a 
high degree of replicability in their designs. 
While workers are more efficient when they 
have repetitive tasks, new technologies such 
as CNC and robotics increase the speed of 
manufacture. Automated processes tend to 
combine the factory machinery and the CAD/
CAM software being used in the office. As an 
example, the assembly line of timber frame 
panels can be fully automated with only a 
single operator on each machine. Automated 
manufactured solutions such as a framing 
station, multi-function bridge and butterfly table 
exist to increase the number of panels produced 
per shift and to reduce inaccuracies. Other 
automation processes exist such as automated 
welding in the steel framing industry, nailing 
bridges for sheathing materials in the timber 
frame industry and even automatic bricklaying 
using CNC machines and robotics.

Degrees of automation exist in the assembly 
process and in the production of the material 
and building systems, including the light gauge 
steel industry, the mass timber industry and 
the precast concrete industry. Degrees of 
automation in the mass timber industry, for 
example, may be the automated cut processes 
using CNC machines. The use of a CNC 
machine increases the accuracy of the cuts 
made on cross laminated timber (CLT) elements 
and reduces the time spent on complex cuts.
 
These emerging technologies combined with 
new ones such as Augmented Reality (AR) and 
Virtual Reality (VR) allows workers to simulate 
and visualise the assembly process before 
physically undertaking the task on or off site, 
and allow operators in different locations to 
communicate effectively using visualisation.

With many repeatable operations in the 
factory, offsite manufacture can find benefits 
from using VR and AR to improve the health 
and safety in preparing production teams in 
advance to the manufacturing stages. For 
increased health and safety, AR can also be 
used to project boundaries and safe zones both 
on and off site.

As part of factory quality checks, the test 
and inspection of offsite components can be 
conducted using a 3D laser scan analysis of the 
key mechanical interfaces to ensure a right first 
time fit on site. 



43

Through all the automation, increase in quality 
and speed of the production processes, new 
technologies in the offsite domain aim to help 
the continuous growth of the sector.

Some examples of new and emerging 
technologies already in use in the 
construction sector, both on and off site 
are as follows:

3D scanning
A 3D scanner consists of creating a cloud of 
points of different geometric shapes made 
on the surface of an object, in the case of 
construction, on a building or infrastructure. 
Once created, that point cloud is transferred to 
digital information, showing the shape of the 
scanned object.

This technology is therefore a powerful tool, 
also applicable to the choice of the best 
location for the building, since scanning 
achieves a level of detail much higher than  
the conventional level by classical topography, 
since the image of the place is more complete 
and adjusted to reality in detail.

The method of collecting data is simple –  
the laser scanner uses a system to sweep the 
area to be lifted with the point cloud. The 
scanner is placed on a steady surface, in front 
of the survey object, or in a vehicle for data 
acquisition during a journey (for 360 or VR). 
It uses tachymetric measurements, varying 
the direction of the laser beam so that it can 
scan the different points of the object to be 
measured. The device’s own rotation and 
scanner position changes enable a complete 
data cloud to be obtained reliably and quickly. 
It can also be combined with the use of drones 
for greater detail of the building. Sensor 
stability and large laser scanner data capture 
make it essential for initiation and application  
to BIM modelling.

The advantages of this technology applied to 
the complete construction process are evident:
 
• Full scan, as it reflects in detail all the 

elements that make up the building

• Comprehensive documentation of the 
building, since you can obtain the information 
both inside and outside the building

• Transforming the collected data into digital 
format 

• High performance, since in a short time you 
get a very high number of data

In the on site construction and assembly stage, 
it can be used to scan the different stages 
of construction, verifying the progress and 
compliance with the parameters indicated in the 
project and allowing the correction of possible 
failures or deviations in tolerances. Likewise, 
the 3D virtual model is achieved so that you 
can update, if necessary, the initial model.

l LIDAR scanner
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Augmented Reality (AR)
Augmented Reality (AR) allows the user 
to integrate virtual elements into the real 
environment by viewing them through a 
device. This technology essentially transforms 
reality, offering a new dimension thanks to the 
projection of additional digital information onto 
real life objects. As an example, AR might allow 
the user to view on a mobile device or headset, 
the implementation of a building on site, see 
in real time the progress phases of a project, 
integrate virtual elements in a space etc. This 
leads to greater optimisation of the time and 
cost, as well as a greater guarantee of correct 
results for designers, and even the client.
 
Augmented reality may be integrated into  
all phases of architectural construction  
projects e.g.:

• Design: Allows you to incorporate virtual 
elements into an image or a real plane, also 
allowing you to interact with the design or 
make changes in real time.

• Execution: Facilitates control of execution 
phases and planning compliance check.  
It is especially effective at detecting  
possible interference between structures  
and installations.

• Commercial: Allows you to see what a work 
or a stay will look like, be able to manipulate 
the elements or test finishes in different 
materials, making it easier for the customer  
to know exactly what the product will be like 
to acquire

• Maintenance: Finally, it is also very useful for 
building maintenance.

There are numerous augmented reality 
applications for architecture and  
construction, e.g.:

• ARKI, which allows the display of 3D models 
on 2D floor plans and over 360 photos, 
performing real lighting studies.

• WakingApp for Fusion 360 and Revit allows 
you to convert 3D designs to augmented 
reality for viewing from a mobile device  
or headset.

• SmartReality allows you to view 3D models 
formed with virtual elements on printed 
sheets. Among other functions, you can  
also check the different stages of a project, 
view the different layers of the design or 
video record your experience. It also has  
a virtual reality version that facilitates  
greater interaction.

• Cype (Spain) has a virtual reality device  
and a platform called BIMserver centre,  
with which you can save and share 
augmented reality files to the cloud.

l Augmented Reality
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Wearable Technology
E electronic devices that can be worn as 
accessories or embedded in clothing. These 
technologies focus, for the time being, on 
improving construction safety.

Some examples of wearable technology for 
construction include:

• Smart Cap, a 2.0 protection sleepiness 
accident prevention helmet: in addition to 
preventing impacts, it includes brain wave 
sensors and a wireless communication  
system that transmits alerts to various  
devices (mobile phones, computers,  
tablets, etc.) alerts in case of microsureños. 
In addition, it alerts the user through sounds 
and vibrations

• Spot R: Prevention of accidents with 
machines, which allows the user to know how 
many workers are on site, what equipment 
they are using and their proximity to it. 
Each of the employees and machines can 
carry a tracking device, with a warning 
button located on each floor of the site in 
case an alarm was to be set. In addition, 
cloud software allows you to manage all 
the information and use it to optimise future 
works. When using a proprietary wireless 
communication system, this technological 
innovation does not depend on Wi-Fi or  
GPS coverage.

• SmartBoots: Smart boots that optimise the 
distances travelled by workers. They have  
a kinetic charger that recharges with the 
user’s movement.

• Heat-Shield: Within the Horizon 2020 
framework, this European technology project 
seeks to check health and productivity risks 
based on variables such as age or gender. 
Its objective is to design technical and 
biophysical solutions to minimise the effects  
of heat on climate change in jobs.
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3D Printing
The use of 3D printing techniques in the 
construction sector is increasing due both to the 
improvement of the technique itself, and the 
development of new materials and dosages that 
allow to increase the possibilities of application 
of it. In addition, its great versatility allows it to 
build various types of complex structures such 
as buildings of one or more floors.

When used effectively, compared to traditional 
construction techniques some advantages can 
be realised, such as the reduction of waste 
generated, reduced labour costs, reduced 
manufacturing time, etc. Additionally, the 
elimination of any requirement for moulds 
and formwork, have the potential to make 
3D printing an economical and sustainable 
technique. It is therefore a resource in  
constant growth and evolution within the 
construction sector, with very high growth 
expected in its use.

This growth in the use and scope of printing 
technology is marked by the ability to build 
homes in a few days, which together with 
growing environmental concerns are driving 
economies and businesses towards the use 
of 3D printing for infrastructure construction. 
The aim is to promote the use of organic and 
recycled building materials, while reducing 
waste production and industry accidents. In 
particular, in the production of modular and 
complete buildings, high growth is expected to 
occur as it allows manufacturers to build items 
in their own location, thus reducing inventory 
and storage requirements.

l Industrial 3D printer
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Robotics
In construction, the scope for the 
implementation of robotics is wide and 
might span across a number of stages of the 
construction lifecycle, from initial design, 
through manufacture offsite, construction 
on site and building maintenance, control 
and management beyond completion, to the 
decommissioning and deconstruction of the 
building at end of life.

The most obvious benefits of robotics and 
automation systems application in the 
construction industry are enhanced productivity 
and work efficiency with reduced costs, 
increased quality and accuracy in comparison 
with skilled human workers, improved health 
and safety as a result of minimising potentially 
dangerous manual work.

Like automation in general, robotics allows 
humans to work more effectively. Robots can be 
deployed to work with minimal supervision, in 
close collaboration with human workers, and/
or autonomously with the use of integrated 
sensing and imaging technology. They can 
be utilised to undertake tasks which are 
typically laborious, repetitive, of high payload, 
manual and high risk, and do so with greater 
speed and a higher degree of accuracy and 
repeatability.

l Industrial 6 axis robot
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Robots are highly flexible and can be designed 
to undertake specific, bespoke tasks and 
activities both on and off site and can be 
integrated with existing processes on and 
offsite.

Robots are far less prone to error than human 
workers, even highly skilled workers, resulting 
in a reduction in delays, rework activity and 
waste, and as such can have a positive impact 
on the budget of the entire project.

Robots can also have a positive impact upon 
health and safety on and off site and be 
deployed to undertake the most dangerous 
tasks safely and predictably.

Some of the most significant benefits of robotics 
in construction are:

• High performance and productivity 

• Capable of undertaking work in often harsh 
and hostile conditions 

• Capable of undertaking delicate tasks 
accurately

• Can be designed to undertake a wide 
range of different operations e.g. position 
and place (material handling), material 
processing, fixing, cutting, welding etc. and 
interact with a range of different materials,  
in a predictable manner

• Enhanced quality with higher accuracy  
and repeatability 

• Increased control over production processes. 
Higher quality, efficiency and predictability 
in planning, construction, and maintenance 
processes

• Reduced human interaction for laborious, 
repetitive and/or high payload tasks 

• Optimisation of waste and reduction in costs

• Reduction of rework activity

• Improved health and safety

Some examples of how robots are currently 
being used in construction projects on and  
off site:

• Survey and inspection

• Material processing

• Assembly

• Installation of components 

• Masonry construction

• 3D printing using recycled materials

• 3D scanning and imaging

• Remote control or semi/fully autonomous 
vehicles
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Design tolerances for factory operation

One of many benefits of offsite manufacturing is 
the possibility to work in a factory environment. 
With the help of a close and safe environment, 
factory operations tend to produce products 
and components with increased accuracy, 
repeatability and quality. However, to have 
continuous improvement of the quality of offsite 
components, respecting design tolerances is key 
and the inconsistency within digital datasets is 
an aspect that can have an important impact 
upon factory productivity and manufactured 
element performance.

Industrialised construction has, as one of its 
main characteristics, the precision required 
when it comes to both manufacturing of 
components and assembling them on site. 
For prefabricated elements, the required 
dimensional precision leads to tolerances in  
the order of mm. Achieving such precision in 
the geometry of these elements is supported 
both by the automated manufacturing method 
and by the fact that the execution of such 
elements is always undertaken at ground 
level. This allows for greater accessibility to 
the control of dimensional and connection 
tolerances between elements. In some 
countries e.g. the UK, there are regulations 
and permissible tolerance manuals, which 
determine the maximum allowable tolerances 
for prefabricated building elements. 

Components manufactured in a standardised 
manner and following a modular criterion, 
involve specialised engineering and a high 
degree of coordination between designers, 
which ensures the correct adjustment of parts 
and components within the building, avoiding 
interference with other construction systems.

While digital datasets tend to be used for their 
capacity of ease in making design changes, 
they are still managed by humans and so are 
susceptible to mistakes and inaccuracies. It is 
therefore important to implement quality checks 
before, during and after the manufacture of 
components. The earlier that any issues are 
highlighted, the easier they are to resolve  
and the less likely new issues will arise as 
a result of the original issue. Also, it is key 
to understand the type of quality check 
and how to perform the check. While some 
issues are obvious and visible, some small 
differences (e.g. dimensionally), which might 
seem minor within a factory environment with 
single components or units, can cause issues 
disproportionately in the further assembly of 
components and modules.

The tools used in digital design and 
manufacturing have typically been CAD and 
CAM. These systems allow the establishment 
of production lines on which construction 
components are manufactured directly from 
vectorised models. Currently, however, BIM 
technology is increasingly being imposed in  
this process because of the different benefits 
that are obtained from its use, as explained  
in earlier sections.

l Factory operations -  
Completed timber frame closed panels
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Within factories using semi-automated processes 
with design teams producing digital datasets, 
the information sometimes goes directly from 
design software to production software (CAD/
CAM), thus inaccurate assessments of required 
action affect the operational effectiveness of 
the automated system. Having an inefficient 
automated system is likely to result in 
bottlenecks and knock-on, cumulative effects, 
affecting the entire production line, with all 
trades, processes and activities slowed down or 
at a complete stop.

The construction of virtual models of the 
buildings based on the components that 
make up them and the dynamic modelling 
of the construction phases, allow a constant 
coordination of the different activities 
developed in the construction process. 
This involves detecting design errors, 
incompatibilities between elements and/
or other problems in the early stages and, 
therefore, their prompt resolution. Models 
generated in BIM facilitate the manufacture 
of the components since their level of detail is 
very high. Because the elements are defined 
in 3D, they are also facilitated by automated 
manufacturing using CNC machinery. Such 
automation is a standard practice today in 
the manufacture of different prefabricated 
components.

To optimise the manufacture and to help the 
quality check processes, it is necessary to 
pay particular attention to details and design 
tolerances. Also, by incorporating 3D models in 
a BIM environment, it can assist the traceability 
of building components, thus providing benefits 
to the accuracy of building methods, resulting in 
an end product of higher quality.

Detailed models facilitate coordinated work 
with remote suppliers, as the model alone 
can include in its entirety the characteristics 
necessary for the manufacture of such 
components and elements.

Manufacturing tolerances for prefabricated 
components are always more accurate and 
tighter than those of on site construction, as 
their production in a specialised and controlled 
offsite location allows for greater precision 
in the adjustment of processes and controls 
throughout the process.

l CNC router and CAD/CAM software

l Manufacturing tolerances
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Effective communication (offsite)

In offsite construction projects the medium 
of communication, the type of information 
and the number of communicators are often 
complex and interconnected. Communication 
between all members of the project team must 
be constant, frequent and fluid. Many software 
solutions aim to increase the efficiency of 
communication between digital design and 
factory operations. One of these is Trimble 
Connect, which allows users to view a large 
array of file formats, overlay models by 
different disciplines, perform clash detection, 
set a list of to-do tasks and message each other. 
Having a single place of information such as 
this can be helpful to reduce the chance of 
miscommunication via email and phone calls, 
and ensures that the project communications 
between all the teams involved are transparent.
 
Choosing the most suitable combination of 
message, media and receivers for every 
situation can be challenging, and it is a good 
idea to work with a Building Information 
Manager to set a consistent communications 
approach for the project. An important 
component of this plan is how the offsite 
manufacturer will communicate the spatial and 
materials specification of the offsite systems 
they manufacture. Some manufacturers have 
design guides in Portable Document Format 
(PDF), whereas others could have BIM objects 
with embedded dimensional and performance 
data, for example.

Due to different procurement routes, it is 
unlikely that the exact offsite manufacturer will 
be known from the start of the project and so 
designers often need to react to feedback from 
the offsite manufacturer to ensure the design is 
manufacturable and buildable. Virtual online 
meetings with screens shared to view models, 
or collaborative working on platforms, such as 
Trimble Connect, can facilitate these necessary 
discussions. Members of the project team 
should be prepared to make changes such as 
resizing volumetric modules, altering the sizes 
of panels to form a wall of the desired length 
and in general increasing standardisation 
across your design, for example. 
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The most effective means of communication are 
based upon the Common Data Environment 
(CDE), which is used increasingly in the 
construction sector. CDEs are essentially an 
open, common digital space where information 
and data exchange are structured, securely 
managed and accessible to all members of 
a team to share information about a project, 
facilitate reviews, and modifications based on 
their role. Its use improves security, reduces 
the risk of duplication of information and lack 
of communication. The person responsible for 
this space will typically be the BIM Manager, 
who will be responsible for structuring the 
information and managing it according to 
the state in which it is located e.g. work in 
progress, shared, published or archived.

Trimble Connect can work anytime, anywhere, 
from any device and is always working with 
current, reliable and accurate information.  
It can be used at different stages of workflows, 
such as design coordination and review,  
always having up-to-date information, 
and activities and tasks can be managed 
throughout the project. All agents involved in 
the process can work collaboratively within the 
environment, in this case, building designers 
and component manufacturers.

Some of the main benefits of this software are:

• Clear summary presentation of the status  
of the project

• Up to date models

• Data is stored securely on the cloud

• Data can be readily shared with the  
project team

• Model-based communication is available

• Project history is saved automatically.

• It can be used anywhere

As well as Trimble Connect, several other 
popular CDE solutions are available, such as:

• BIM 360: Autodesk. It allows them to work 
from the cloud and in a coordinated manner 
with the other agents involved in central  
Revit models.

• usBIM.platform: From ACCA Software.  
It allows global control of all construction 
processes.

• BIMserver.center: FROM CYPE Engineers.  
It Allows to manage and consult the projects 
developed in CYPE software.
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Site  
operations

Current and emerging  
technologies (on site)

Digital technologies are changing the way 
working processes are undertaken. While 
improving the productivity of the offsite 
manufacturing processes, digital technologies 
also provide benefits to the site operations of 
offsite construction projects. Through multiple 
current, new and emerging technologies, site 
operations are using more and more digital 
processes to increase the project performance. 
From data capture technologies, such as 
laser scans to visualisation technologies such 
as VR/ AR and also sensors or other RFID 
technologies, the number of digital technologies 
implemented are continuously increasing for on 
site operations.

The use of drones has become increasingly 
common on construction sites with being used 
to improve survey data, making the process of 
surveying more efficient and to get safer access 
to dangerous or places which are difficult to 
access. For high rise modular construction 
projects, drones can be used to scan the 
building during the delivery and construction 
to make sure the assembly process is respected 
and accurate enough. By being aware of 
existing site conditions from laser scans, it 
ensures that potential mistakes are identified 
before they become issues.

l Drone for site surveying
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Other digital technologies such as sensors can 
improve the productivity and health and safety 
of onsite operations. By applying sensors on 
building components of units it is possible to 
locate them when they arrive onsite and check 
the time spent by the logistics team for the 
assembly. Therefore, operatives can be aware 
of potential issues occurring on site which are 
likely to cause delays to the project delivery. 
This can be beneficial for asset management 
teams during the delivery of the units as they 
can check the productivity of the logistic teams 
without being on site.

Alongside being used for building materials, 
sensors can also be worn on site by workers 
via wearable devices such as smartwatches, 
cameras or GPS tracking devices. Wearable 
technology allows operatives to have the most 
accurate, current and necessary information 
when on site. An example of this is unique 
safety vests, which incorporate sensors which 
detect a moving vehicle approaching and 
alert the nearby workers, which could prevent 
accidents caused by moving vehicles.

All this recorded data and information can  
then be viewed through other digital means, 
such onsite tablets or smart helmets with  
mixed reality. For an offsite project, mixed 
reality can help teams onsite to see the  
location of the next components arriving onsite. 
Such technologies are already developed  
by Trimble with their Trimble XP10 Hololens.  
By combining the Hololens with hard hats,  
site staff can use augmented and mixed reality 
onsite. Furthermore, this allows construction 
staff to view the updated BIM model through 
the visor display.

Some examples of new and emerging 
technologies already in use in the construction 
sector, both on and off site are as given in a 
previous section.
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Design tolerances for factory operations

For effective continuous improvement of the 
quality of offsite components, respecting and 
understanding design tolerances is critical 
and any inconsistency within digital datasets 
is an aspect which can have a significant 
impact upon site productivity and building 
performance.

While digital datasets tend to be used for their 
capacity of ease in making design changes, 
they are still managed by humans and as such 
susceptible to errors and inaccuracies. It is 
therefore important to set up quality checks 
before, during and after the assembly of 
components on site. The sooner issues are 
highlighted, the simpler and more likely to be 
resolved, allowing fewer new issues to arise 
down the line.

Also, it is key to understand the type of quality 
check and how to perform them. While some 
issues are obvious and visible, such as small 
dimensional or alignment differences, and 
may appear minor when they are isolated, 
can cause issues in the further assembly of 
components and modules, therefore, causing 
rework, delays and further complications.

One of several issues related to the accuracy 
of offsite components during assembly, is the 
difference between the ‘as-designed’ and ‘as-
built’ dimensions. For example, due to the high 
level of finish and tight tolerances of offsite 
elements, if there is a need to change the size 
or the position of a module to fit the ‘as-built’ 
foundation, it could result in time-consuming 
and expensive rework. Therefore, when the 
foundation drawings are sent to the contractor 
and the design specifications are agreed, no 
change should be made to the size and layout 
of the building.

For proper assembly between offsite 
construction components and on-site 
construction components, it is necessary to 
balance the permissible construction tolerances 
with the connections, joints and interfaces of 
these systems or components. In this sense, 
the connection and joining system must be 
designed in such a way that it can adapt to 
the constructive deviations of its own, up to an 
acceptable and permissible level (permissible 
tolerances). It is therefore essential to adjust 
the maximum allowable manufacturing and 
construction tolerances to ensure correct 
assembly or installation of the prefabricated 
components on site.
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It is not possible in reality to avoid the 
differences between the nominal dimensions 
and the actual dimensions of the elements 
and components of the construction. These 
differences should therefore be considered in 
terms of construction tolerances from project 
design and planning processes. It should not 
be forgotten that one of the biggest barriers in 
the introduction of offsite components in on-site 
construction is the compatibility of dimensions 
between the different elements and components 
involved. It may be the case that they are 
dimensionally coordinated and yet dimensional 
deviations from nominal dimensions prevent 
proper or easy assembly.

Therefore, during the implementation of the 
project there must be a thorough control of the 
deviations in the execution and arrangement 
of the connection elements between the work 
in situ and the offsite elements. Such deviations 
shall never exceed permissible tolerances 
enabling compatibility and correct installation 
of prefabricated components.

To optimise the assembly onsite and to  
help with the quality check procedures,  
it is necessary to pay particular attention to 
detail and design tolerances. Alongside this, 
incorporating 3D models in a BIM  
environment can help the traceability of 
building components thus having benefits on  
the accuracy of building methods, having a 
better quality of the end product.

l Timber frame construction - consider design tolerances
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Effective communication (on site)

Communicating effectively between different 
disciplines in offsite construction requires a 
combination of technical and meta-skills from 
the onset of the project.

The sooner that the different stakeholders on 
the project can start communicating digitally 
using integrated software solutions, the more 
efficient the design process will be. This is 
because communication includes input from 
the downstream operations including site 
management.

The success of a project management is 
highly dependent on effective communication. 
Communication problems are among the 
most frequent problems referred to by 
project teams, followed by leadership and 
negotiation problems. The main barriers found 
in communication are typically understood to 
be the communication channels, lack of trust 
between team members or lack of feedback 
from project managers.

After having agreed on the software solutions 
to be used for communication between the 
design and the main contractor, it is important 
to consider using file formats which can be 
accessed and read by anyone in the on site 
placement and assembly team, as well as 
communication streams for receiving feedback.
 
PDF and IFC file formats can be interrogated 
onsite using portable devices and annotated 
in real-time by the onsite teams. Most software 
solutions have apps that enable this feedback 
capture, as well as capturing data on health 
& safety, sequencing and quality. This often 
includes photographs and scans taken on site, 
which can be accessed by the design team 
and annotated to answer queries regarding 
the design and specification. This way the 
communication flow is two-way and in a single 
location, streamlining feedback and enabling 
prompt reaction.

With the best software solutions, communication 
between designers and site managers still 
relies on people and their interpersonal skills. 
It is important to apply a few key principles 
in communication with others to avoid 
misunderstandings:

• Use as few acronyms and jargon as possible

• Listen carefully to others or read their work 
carefully

• At the start of communications, briefly set out 
the main themes

• Give everyone the chance to contribute and 
ask questions

• Summarise the key decisions made at the end 

Breakdowns in communication and 
dissemination of misleading or distorted 
information may be a result of:

• cultural and linguistic barriers;

• Incorrect, inappropriate or unsatisfactory 
use of information technology / software 
solutions;

• transmission of information at inappropriate 
moments;

• limited knowledge and competencies of 
project managers, poor self-confidence and 
deficient leadership.
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For the effective implementation of offsite 
construction and to ensure proper assembly 
of the construction when executed on site – 
without interference or failure in the encounters 
and / or links between the different systems – 
close collaboration of all the agents involved in 
the work is absolutely essential.

Coordination between the execution of work 
on site and the reception of prefabricated 
components as well as their correct 
arrangement, assembly and sequencing, 
monitoring of construction planning and 
forecasting of possible deviations within the 
expected deadlines and delivery, control of 
the correct execution of the units of work; 
the correct sealing and finishing on the joints 
between elements, and suchlike, must all be 
effectively monitored.

Reference has already been made in earlier 
sections to the various CDEs which currently 
exist to facilitate collaborative work between 
teams. A step further still is the integration of 
BIM methodology with a construction specific 
Enterprise Resource Planning (ERP) package. 
Today there are several software which provide 
this service. For example, INTELSYS.build 
enables the management of all the processes 
related to design, prefabrication, construction 
and operations in one single system. Combining 
BIM data directly with business processes (ERP) 
provides the greatest degree of integration for 
construction organisations.

Due to this collaborative space created at the 
first stage of the project, the use of tablets and 
mobile devices on which the model can be 
checked is increasing on site: entering data, 
photos, adding instructions or warnings, and 
suchlike, facilitate the correct realisation of the 
building and avoids errors or deviations. 

l Landing of module on site
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