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ABSTRACT

The benefits of integrating Lean construction (LC) and Building Information Modelling
(BIM) have been discussed in recent research studies. However, the effects of
implementing these methodologies as an integrated approach in offsite housing
construction (OSHC) processes have not been explored in the UK. This research aims at
assessing the current situation of the implementation of BIM and LC in OSHC in the UK.
A quantitative research method was adopted in the study and thirty-two questionnaire
survey responses were received from professionals and practitioners of Lean, BIM and
offsite methodologies in the UK construction industry. The study found that there is
increasing use of LC and BIM in the development of OSHC projects in the UK. It further
reveals that these two methodologies when appropriately implemented can bring several
benefits. This study sheds light on the current status of implementation of BIM and LC
in OSHC and the benefits of the implementation of both BIM and LC in OSHC processes
in the UK.
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INTRODUCTION

The UK construction industry has expressed a growing interest in the improvement of
essential areas of construction such as efficiency and production. Several aspects of
performance enhancement approaches including offsite production, standardisation and
supply chain partnerships have been addressed in reports such as the Offsite manufacture
for construction report (UK parliament, 2018), the Farmer Review of the UK construction
labour model (Farmer, 2016) and the Egan report (Egan, 1998). Nevertheless, the
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implementation of these performance improvement approaches has been hindered mostly
due to complications that builders have encountered in appreciating the value these
approaches may bring into their projects (Pasquire et al, 2004).

BIM is defined as a process for the creation and management of information of
infrastructure, building or facility through its lifecycle (Eastman et al., 2008). This
process results in the creation of the BIM, a digital representation of all the significant
aspects of the building. BIM diverges from other design technologies in the way
information is managed allowing an effective interchange of essential data between
stakeholders throughout the project lifecycle and post-construction performance (Smith
and Tardif, 2009). Lean construction (LC) is another performance enhancement approach
that aims to improve the entire construction process in order to effectively satisfy the
customer’s needs (Bhatla and Leite 2012). LC focuses on reducing waste and increasing
value which translates into quality and productivity improvement (Bernstein and Jones,
2013). The LC methodologies considered in this study include: Just-in-time, Visual
management, Last Planner System, Target Value Design, Value Stream Mapping, 5S,
Lean Project Delivery System, Process mapping, First run study, Mistake proofing, Takt
time planning and Choosing by advantages.

LC and BIM have influenced considerably the AEC industry and despite being
considered as distinct and independent, their principles seem to amalgamate in their
intentions and ideals (Sacks et al., 2009). The synergies of BIM and LC have led the
broadly fractured construction industry into a pathway of enhancing construction
processes whilst increasing the value of a project towards the customer (Oskouie et al.,
2012). Although the benefits of integrating BIM and LC have been discussed in recent
studies (Sacks et al., 2009), the effects of integrating BIM and LC in offsite housing
construction (OSHC) have not been explored in the UK.

This study aims to evaluate the current situation of the implementation of BIM and
LC in OSHC. By identifying the actual status of the implementation of these
methodologies, the results of this study would enable critical improvements on the
benefits these methodologies bring into the UK construction industry. The research
questions are as follows: What is the current status of implementation of BIM and LC in
OSHC in the UK? What are the benefits of the implementation of the integrated BIM and
LC in OSHC processes in the UK?

LITERATURE REVIEW

LEAN CONSTRUCTION AND OFFSITE CONSTRUCTION

Offsite construction (OSC) involves the process of manufacturing components, elements
or modules in a controlled environment before their transportation and later installation
in the construction site (Kolo et al., 2014). This allows the achievement of higher
standards of quality, waste reduction, and increased productivity, therefore improving the
overall efficiency of the process (Nanyam et al., 2017). Pan and Goodier (2012) state that
OSC represents an effective alternative to traditional construction processes by improving
life cycle environmental performance, productivity and predictability.

Abanda et al. (2017) identify the main types of offsite manufacturing as Volumetric,
3D factory-produced units that enclose usable space but are not part of the building
structure; Sub-assembly systems, prefabricated sections of the building that would
normally be produced on site; Modular systems, volumetric units preassembled in a
factory controlled environment and together form the whole building; Panelised, factory-
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produced flat panel units assembled on site to produce the 3D structure; and Hybrid
methods, a combination of both volumetric and panelised systems.

OSC has been promoted in recent literature with the objective of improving efficiency,
quality and environmental performance of house construction, use and demolition (Pan
and Goodier, 2012). The factory precision of prefabricated housing panels has been
associated with a better insulation performance, improving occupant comfort and
reducing household energy demands (Steinhardt and Manley, 2016). Additionally, as
seen in table 1, OSC have several benefits when compared to traditional construction
methods.

Notwithstanding the increasing interest of adopting OSC methods, the UK remains
behind similar economies in the uptake of offsite methodologies (Steinhardt and Manley,
2016). This growing interest is mainly driven by a shortfall in housing supply, with some
reports showing that the UK needs 345,000 new homes per year (Housing, Communities
and Local Government Committee, 2019) and the increasing pressure from the
government for the emulation of the manufacturing sector (Parliament, 2018).

LC is a moderately new approach that focuses on minimising activities that do not
generate value for the project owner. In this context, these non-value adding activities are
considered wastes (Tafazzoli et al, 2020). Variety has been considered as one of the main
reasons that Lean production is not suitable for the construction industry (Yu et al., 2013).
However, Yu et al. (2013) also add that this variety is the ground on which the Lean
production system was based and the reason that Lean production is different from mass
production ineffectiveness. As seen in table 1, LC provides several benefits for the AEC
industry and essentially aims to work on constant improvement, strong user focus, value
for money, waste elimination, high-quality management of projects and efficient supply
chain (Office of Government Commerce, 2000).

Table 1: Benefits of BIM, LC and OSC
Benefits of BIM Benefits of LC Benefits of OSC

-Effective quality control in
complying with quality

-Waste reduction and standards (Blismas et al.,

-Clash detection improves

e enhanced cooperative
communication; models can be relationships (Green and . 2006).
updated in real-time allowing the May ,2005) -Preliminary costs are lower,
exchange of critical information Yo ' less waste, less onsite damage
throughout the project lifecycle -Increased process and increase of economic value
(Banuelos Blanco and Chen, 2014). efficiency and labour (Elnaas et al., 2014).

. . . roductivity (Goh and
-Predesign analysis prevents time P Goh )2l(§19). -Less site disruption, removal of

consuming redesign (Azhar, 2011). i extensive operations off site,
-Effective data management improves -Ir?ggj%\é%ei?u;guazd work can be carried out
the efficiency of activities such as e?fective coﬁaboragon simultaneously offsite and
quantity surveying, procurement and between stakeholders onsite (Blismas et al., 2006).
material supply integration (Steel et al., (Bernstein and Jones -Risk reduction and better
2012). 2013) ’ safety due to carefully planned
processes in a factory (Ajayi et
al., 2019).

BIM AND OFFSITE CONSTRUCTION

According to Azhar (2011), over the past decade, BIM has added significant value to the
construction sector and, as Aranda-Mena et al. (2009) state, has proven to be more than
just a modelling tool by providing relevant benefits throughout the entire construction
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lifecycle, from design to occupancy and maintenance. The UK Government’s BIM Level
2 mandate helped the construction industry to become a world leader in BIM adoption
(Alwan et al., 2017). This mandate requires collaborative BIM level 2 models on all
government-funded projects from 2016 onwards (Government, 2013).

Offsite manufacturing can be facilitated by BIM in several ways. It helps in the
specification of material requirements which results in reducing over-ordering and
minimise waste in the construction site (Abanda et al, 2017). BIM also allows the accurate
representation of geometry, behaviour and properties of individual components that can
facilitate their incorporation into modularised building elements made available digitally
(Nawari, 2012). Notwithstanding these benefits, barriers such as limited interoperability
and standardisation, lack of confidence in small organisations about their BIM skills and
client’s unawareness of BIM benefits are still hindering the adoption of BIM in the AEC
industry. However, Abanda et al (2017) argue that BIM can enhance the existing benefits
of OSC and can notably contribute to overcoming the barriers that are currently hindering
the uptake of OSC. Although several studies have identified the benefits of BIM on
conventional construction (Table 1), it can be argued that the impact of these benefits in
OSC can be greater given that OSC has numerous benefits over traditional construction.

SYNERGIES BETWEEN BIM AND LEAN CONSTRUCTION FOR OFFSITE
CONSTRUCTION

Despite the latent benefits of OSC and LC, there is a lack of design assessment tools that
integrate both concepts to support designers and managers in evaluating the implications
of efficient assembly processes (Gbadamosi et al., 2019). On the other hand, BIM
enhances the early-stage decision- making through advanced data visualisation, clash
detection, material quantity take-off, and others (Mahamadu et al., 2017).
Fundamentally, LC and BIM are different processes that separately have a significant
impact on improving construction processes (Robey and Issa, 2015). Although the two
approaches represent potential benefits when used together (Sacks et al., 2009), the
authors suggest that further improvements can be achieved to further enhance the
efficiency of both methodologies as an integrated approach. Additionally, a National
Research Council (2009) study in the United States recommended five opportunities for
significant advancement in construction productivity. These recommended opportunities
included the use of OSC, the increased implementation of BIM, improvements in
processes materials, equipment and information that have a direct relationship with LC
principles. These recommendations fundamentally recognise the potential of BIM, Lean
and OSC in improving and ensuring the efficiency and quality of the construction industry.

RESEARCH METHOD

As this study aims to collect data about the current implementation of BIM and LC in
OSHC projects in the UK, a quantitative research approach was implemented with the
use of a questionnaire survey as the main data collection tool. The study commenced by
reviewing the literature available about the current status of the implementation of BIM,
LC and OSC. The questionnaire survey was developed considering the results from the
literature review and consists of two sections; the first section was designed to obtain
relevant background information about the respondents such as occupation, years of
experience and previous knowledge in BIM, LC and OSHC while the second section
focuses on obtaining information regarding the practices and techniques of BIM, LC and
OSC currently being implemented in the UK construction sector.
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The questionnaire survey was hosted online from August to November 2020, using
Google forms. Purposive sampling was used in selecting the research participants in order
to ensure that only those with adequate knowledge of the subject participated in the study.
The population of the study consisted of experienced OSC professionals with background
and knowledge in BIM and LC in the UK. Considering the database of the UK Offsite
Hub and Building and Design, the population of OSC practitioners in the UK is estimated
to be approximately 228 organizations. With a confidence level of 90% and a margin of
error of 8%, the ideal population sample was calculated to be seventy-three. Based on
this, eighty survey links were sent out through email and social media platforms such as
LinkedIn and Twitter across the four nations of the UK. However, after three months with
several follow-up emails and reminders only 32 responses were received representing 44%
of the ideal sample size. Although the number of responses obtained represents a valuable
evidence, it should be recognized that this representative sample is fairly weak due to the
low rate of responses received. Besides, the authors observed that the COVID-19
pandemic of 2020 partly impacted the number of responses received as people were
unsettled to participate in the study. The data collected from the survey were analyzed
using Microsoft Excel to obtain the graphics and tables.

RESULTS AND DISCUSSION

RESPONDENTS BACKGROUND INFORMATION

Most respondents are involved actively in the construction industry and have relevant
roles in their organisations. Out of the 32 respondents of the survey, 25% identified
themselves as Founder and CEQ’s of their organisation, which is the highest percentage
of responses for the roles identified in the survey. The rest of the participants included
construction managers, architects, project managers, quantity surveyors, engineers and
offsite and LC consultants and lecturers.

IMPLEMENTATION OF BIM AND LEAN CONSTRUCTION IN OFFSITE
HOUSING CONSTRUCTION IN THE UK

As this study aims to identify the status of the implementation of LC and BIM in OSHC,
it was necessary to identify which methodologies have been or are currently being
implemented by respondents in construction projects. As shown in figure 1, 40.63% of
participants indicated to have implemented or are currently implementing BIM- LC and
OSC methods in construction projects. According to the results, BIM is the preferred
methodology in construction projects by 15.63% of respondents, while LC accounts for
12.50%.

Which of the following methodologies have your organisation used or is currently
implementing in construction projects?

Offsite w2, 6.25%
My organization is not currently using offsite construction === 1,3.13%
Lean construction; Offsite = 2, 6.25%
Lean construction —e— 4, 12.50%
BIM; Offsite w3, 9.38%
BIM; My organization is not currently using offsite...m== 1, 3.13%

BIM; Lean construction;Offsite 13, 40.63%
BIM; Lean construction === 1 3.13%
BIM 5, 15.63%
0.00% 10.00% 20.00% 30.00% 40.00% 50.00%

Figure 1-Methodologies implemented in offsite construction projects.
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6.25% of respondents indicated that OSC is the only methodology being implemented
their organisations. A further 9.38% of respondents indicated BIM and OSC as the main
methods being implemented in construction projects while 6.25% identified LC and OSC
as the methodologies of choice. These results suggest that an increasing number of
organisations are currently implementing BIM and LC concepts into OSHC methods.
However, the results also indicate that LC and BIM in construction projects are
individually being implemented by 28.13% of respondents. In OSHC projects, (9.38%)
indicated they are currently implementing only BIM while LC implementation accounts
for 6.25%.

Analysing the results from the implementation of LC in OSC, 46.88% of respondents
indicated to have been implementing LC in OSC projects from 1 to 5 years whereas those
implementing LC in OSC for 5 to 10 years accounted for 21.88%. While 9.38%. stated
to have been using LC in OSC from 10 to 15 years, 18.75% of respondents stated they
have been implementing LC in OSC for longer than 15 years. A further 21.88% of
participants indicated to have not implemented LC in OSC projects. These results
correspond with the literature about an increasing LC implementation in OSC due to the
benefits these two approaches can bring into construction projects (Gbadamosi et al,
2019). The increasing use of offsite in the UK in housing delivery could be due to the
renewed government effort to close the housing shortage gap using OSC methods as
recommended by the House of Commons housing committee (Housing, Communities
and Local Government Committee, 2019).

As for the implementation of BIM in offsite, most respondents indicated they have
been implementing BIM in offsite for 1-5 years (59.38%), followed by 25% of
respondents who stated they have not implemented BIM in offsite. Also, 6.5% of
respondents indicated to have been implementing BIM in offsite for 5-10 years and 10-
15 years respectively.

According to the previous results, despite the lack of implementation of BIM in OSC
projects, there is an increasing tendency in the implementation of BIM in OSC projects
in the last few years which match with the literature about the impact of government
regulations and acknowledgement of the benefits of BIM for construction projects
(Alwanetal., 2017). As shown in figure 2, the most used OSC method being implemented
is the Modular system with 62.50% of participants, whereas Volumetric is the second
most implemented OSC method with 56.25%. These results match with the literature
where the Modular system is highlighted as one of the most implemented OSC techniques
in residential and hospitality buildings (Lawson et al, 2012) whilst Volumetric
implementation has been increasing amongst UK housebuilders due to its several benefits
in helping to tackle the ageing workforce and labour shortages (Booth, 2017).

Which of the following offsite methods have you used or are currently implementing in the
construction projects delivered by your organisation?

Modular system 20, 62.50%
Volumetric 18, 56.25%
Preassembly 14, 43.75%
Panelised system 13, 40.63%
Hybrid methods 12, 37.50%
DFMA 11, 34.38%
Component 11, 34.38%

Panelised system for facades m——————— 5 15.63%
None 3,9.38%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Figure 2-Offsite methods used in the delivery of construction projects.
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As can be identified in figure 3, the questionnaire survey highlights the Lean concepts
being implemented in offsite projects by participants. Just In Time (JIT) was chosen as
the main Lean technique implemented in projects with 56.25% of participants. Followed
by Visual Management (34.38%) and Last Planner (34.38%), Target Value Design
(28.13%) and Value Stream Mapping (28.13%), 5S (25.00%) and Lean Project Delivery
System (25.00%),. Process mapping (18.75%), First Run Study (15.63%), Mistake
Proofing (15.63%) and Takt Time Planning (15.63%). 12.50% of participants indicated
not having implementing any of these LC concepts while only 6.25% of participants
chose Choosing by advantages as one of the techniques applied in their projects. These
results clearly show that construction companies in the UK have embraced the philosophy
of JIT, due to its numerous benefits in construction projects such as increased productivity
and quality (Pheng and Shang, 2011).

Which of the following Lean construction techniques have you implemented or are you currently
implementing in offsite construction?
Just In Time 18, 56.25%
Visual Management 11, 34.38%
Last Planner System 11, 34.38%
Target Value Design 9, 28.13%
Value Stream Mapping 9, 28.13%
5S 8, 25.00%
Lean Project Delivery. .. 8, 25.00%
Process Mapping 6, 18.75%
First Run study 5, 15.63%
Mistake proofing 5, 15.63%
Takt Time planning 5, 15.63%
None ws—— 4, 12.50%
Choosing by advantages messssss= 2 6.25%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%

Figure 3-Lean techniques used in offsite projects.

INTEGRATION OF BUILDING INFORMATION MODELLING AND LEAN
CONSTRUCTION FOR OFFSITE HOUSING CONSTRUCTION

The integration of BIM and LC for Offsite projects was assessed by showing participants
several benefits of offsite construction processes and asking them to identify the
likelihood of these benefits to be achieved by the combination of these two approaches.
As shown in figure 4, respondents considered that effective collaboration would be the
main benefit of integrating LC and BIM with a weighted average of 4.6. Because the
production process of off-site construction is fragmented, and OSC projects should
involve close cooperation of multiple interdependent stakeholders, better quality control
is @ major challenge to promote OSC projects (Pablo and London, 2020). LC tools such
as Kanban and huddle meetings can provide a new platform to increase value to BIM and
improve construction site collaboration (Von Heyl and Demir, 2019).

In your opinion, what benefits do you understand that using BIM and Lean construction as
integrated approach would bring into offsite construction that are not effectively achieved by
implementing them separately?

5.0
40 . 4.4 42 g 4. o
3.0
2.0
1.0
Cost reduction Time reduction Quality Waste Reduction Efficient workflow Effective Sustainability  Reliable planning
improvement collaboration

Figure 4-Benefits of integrated BIM-Lean for offsite projects.
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Similarly, participants agreed that cost reduction, efficient workflow and quality
improvement are three main benefits of integrating these two approaches for offsite with
both obtaining a weighted average of 4.5. That is because BIM provides a digital platform
through which participants can effectively share and manage information of the project,
while LC practices solve the problem of enhancing the coordination of the stakeholders,
and smooth the workflow by reducing waste and adding value (Zhang et al., 2018).

CONCLUSIONS AND FUTURE RESEARCH

This study was undertaken to evaluate the current practices and status of the
implementation of BIM and LC in OSHC projects in the UK. The investigation reveals
that the implementation of LC in OSC has been increasing considerably over the last 5
years, with techniques such as JIT, Visual management and Last Planner System amongst
the most implemented in offsite projects particularly. The study established the most used
offsite methods in the UK include modular, volumetric and preassembly. Similarly, the
study shows that the use of BIM in the delivery of OSHC projects in the UK has seen an
increase in the last five years. In term of the benefits of the implementation of LC and
BIM in OSHC projects, this study revealed that these two methodologies when
appropriately implemented can bring several benefits such as efficient collaboration and
team integration, time reduction, cost reduction, quality improvements, efficient
workflow, waste reduction and sustainability, customer’s satisfaction, higher
performance and risk reduction.

This study contributes to the current knowledge and future implementation of BIM
and LC in OSHC projects. The evidence presented would enable project practitioners to
understand the importance of the integration of BIM and LC in the delivery of OSHC
project. Although the response is low due to COVID-19, this study shed light on the
current status of implementation of BIM and LC in OSHC and the benefits of the
implementation of both BIM and LC in OSHC processes in the UK. Additionally, the
results of this study would enable further improvements on the implementation and
synergies between these methodologies to effectively increase efficiency and quality in
the AEC industry in the UK.
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