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Abstract. Globally, the efficiency of the construction sector has declined around the world over the past 30 years. The main
principles aimed at the improvement of the situation are based on lean construction. The concept of lean construction can be
effectively used in the strategic process to improve waste reduction as well as cost and time efficiency, which results in positive
outcomes such as environmental protection, economy and time-saving. Lean construction practices help to achieve significant
benefits. However, many organisations still find it difficult to successfully and correctly integrate lean concepts. The research
literature indicates that the construction industry has encountered poor implementation and integration of these concepts. Lean
construction has eight main techniques for increasing productivity in implementing customer requirements in the construction
industry. Having in mind that lean is the key requirement for gaining construction productivity, this paper provides the basic
fundamental knowledge of lean construction. Also, it shows how to get the most effective results by applying the Last Planner
System technique. The described case study demonstrates the integration of the Last Planner System technique into the project.
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Introduction

Lean is a better way to build and create an all-encompassing process and culture system based on a commitment to
collaborate and share knowledge. Lean ensures better employee retention and quality of life as well as safer and more
comfortable jobs. Also, it reduces project waste and increases project value. The lean technique must be used to achieve
the greatest lean potential. In this case study, the Last Planner System technique was applied. The Last Planner System
promotes communication between all stakeholders at the right level, which helps to solve problems before they arise.
The communication increases the likelihood of honest and effective work as well as recognises that personal
relationships and peer pressure are crucial to this process. In this paper, the Last Planner System was adapted to a
construction management group and for the optimisation of the construction processes.

1. Literature review

Lean construction is a customised general principle that originated from the Japanese manufacturing industry. The lean
concept has been applied and implemented in the construction process as a factor enhancing efficiency and rationality
(Bertelsen, 2004). Under conditions of a changing economy, the modern construction sector is becoming increasingly
more interested in lean construction. The scientific literature has many definitions and perceptions of lean construction.
The most important issue in lean construction is the development aimed at improving industrial culture, organisational
and managerial styles, attitudes, roles, relationships, actions and communication among project participants to
overcome obstacles (Koskela, 1998; Sarhan & Fox, 2013a; Egan, 1998). Lean construction is similar to the current
practice aimed at the increase of customer satisfaction and business performance (Bertelsen, 2004). The main goal is to
reduce the amount of waste as well as improve and maintain a new production philosophy (Green & May, 2005). Lean
construction offers the concept and understanding of wasted resources in projects managed using traditional approaches
and facing different experiences and difficulties in controlling results (Howell & Ballard, 1998). Typically, in
traditional construction, the main goal is to optimise one part of the process, while lean construction makes
optimisations at the project level, which requires different experience, practice and work management (Murman et al.,
2002). Concepts of lean production or manufacturing production involve a variety of production systems that share
certain principles, including waste reduction, response to change, just-in-time, effective value-to-stream, continuous
improvement and quality from the outset (Johansen & Walter, 2007). Based on the position of a committee of the
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Construction Industry Institute, the implementation of lean principles begins with leadership responsibilities and a
culture of continuous improvement. Properly applied principles at the project level can achieve a significant
improvement in safety, quality and efficiency results. Process and enterprise-level improvements are more conducive to
enhancing a project at different levels and ensuring the sustainability of such refinements (Construction Industry
Institute, 2007).

While many companies have recruited skilled professionals knowledgeable in building processes and aware of
changes and improvements in the industry, there are still problems that prevent the implementation of the lean
philosophy. The literature is clear that the application of the lean principle or tool would be insufficient without a
consistent lean culture (Sarhan & Fox, 2013b). To deliver value to customers, it is very important to have a broad
approach to the lean concept in a balanced way throughout the system focusing on key characteristics, namely, personal
attention, collaboration and motivation (Hook & Stehn, 2008).

A systematic review of the literature on previous empirical studies is presented in Table 1, which discusses lean
construction. The table specifies theoretical foundations, their principles and the respective literature sources (Marhani,
Jaapar, & Bari, 2012).

Table 1. Lean Construction Concept

Theoretical foundations Principles

Revolution in the
production environment
and meeting customer

LC was developed as a production management method for project presentation: a new method for
designing and building capital instruments; a new production philosophy to increase value, reduce
waste and resources to maximise customer value (Womack & Daniel, 1996; Picchi & Granja, 2004)

needs
Balanced resource Balanced use of people, materials and resources; reduced costs, waste disposal and timely delivery
allocation of projects (Paez, Solomon, Salem, & Genaidy, 2005)

2. Customised Last Planner System

One of the best-known lean methods is the Last Planner System, which has been proven to be a very useful tool for
managing the construction process and for continuous monitoring of planning efficiency, helping to develop forecasts,
mitigate workflow variations and reduce/eliminate uncertainties in construction processes. It consists of workflow
control and production unit management. Workflow control is primarily a review process, and production unit control is
performed primarily through weekly work planning (Marhani et al., 2012). Constraint analysis is an integral part of the
Last Planner System that is applied as a proactive approach to problem-solving as a team, despite the typical challenges
faced by construction projects.

The Last Planner System is a simple process that allows a team to create and maintain a reliable workflow in
construction projects. To apply the Last Planner System, eight key factors must be adopted to ensure the effectiveness
of the system.

The first part is the master planning. In this part, the team must be in alignment with a mark in the Master
Schedule. This section mainly focuses on familiarising all team members with the current project plan and indicating
parts of the team responsible for particular parts of the project in the plan. In this case study, the project implementation
team had one project manager and three construction managers. So, in the first stage, the project manager appointed a
responsible construction manager for each part of the project. Column 3 of Figure 1 lists people responsible for each
part.

] Task Mame Text10 Duratior|Start Finizh Mg Jan f15 Fe fg
23|30 |u&|13|20|731| uzlbmlﬁlquu

1 Electricity Stage 1 on fioor Worker1 13 days201801-02 20189-01-18 ! L
2 Floor insulation Worker2 [11 days 2015901-10  2015-01-24 |
3 Plumking 1 stage Worker1 [17 days 201501-22  2015802-13 :
4 Steam insulation Worker2 4 days 2019-02-14 2019-02-19 E '
5 Floor concreting Worker2 [10 days 201502-20 201503-05 . . -
& | Electricity Stage 1 on walls Worker1 |5 days 201903-06 (2018-03-12 ; ; ;
7 | Walls plasterng Worker2 5 days 2019403-13 201803-20 ' ' '
& | Elecricity Stage 1 on ceiings  Worker 1 8 days 2019-03-21 2019-04-01 ; ; ;
3 | Plaster board ceiling installation  Worker2 20 days 2013-04-02 2019-04-29 5 5 5
10 | Glazing and first painting Worker3 25 days2019-04-08 2019-05-10 | | |
11 | Tiles installation Worker3 20 days2019-04-29 2019-05-24 E E E
12 | Electricity Stage 2 Worker 110 days 2019-05-27 [ 2019-06-07 5 5 5
13 Second painting Worker 3 3 days 201506-10 2015-08-12 H H H
14 | Plumbing 2 stage Worker1 2 days 2019-06-13 2019-06-14 : : :

Figure 1. Schedule chart
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The second part is the pull planning. Strategically important work segments are used for the gradual development
of daily work plans. Four columns are used to represent different categories of tasks, i.e., “to do”, “doing”, “done” and
“pending”; also, colour coding is used. Pull planning helps to understand what exactly has been done, is being done and
will be done, allowing to draw conclusions regarding the efficiency, rationality and productivity of each employee well
as helping to control the work of managers.

The third part in the adaptation of the Last Planner System is the development of a ready plan. In this part, to
gradually prepare the planning process, it is very important to develop a plan and to eliminate as many problems as
possible. The main idea of this part is to understand, what can happen during the input into the process and what will
happen during the output. In this case study, after the development of the look-ahead schedule and analysis, two
constraints were found that could impede on the implementation of the project. Lines 5 and 11 of Figure 1, show
problems that were identified. Line 5 demonstrates that the actual concrete floor casting will take longer than
contractually scheduled. As a result, the decision was made to divide the volume of work into two parts and to hire an
additional subcontractor to perform the works in parallel (Figure 2). These methods not only eliminate the risk of delays
but also ensure that the work is done faster than foreseen in the contractual schedule, increasing the time reserve and
helping to manage the risk of delays. Line Y shows that no subcontractors were provided for window installation. As a
result, the project manager assigned to the construction manager to find a window fitting subcontractor. Ultimately, this
will prevent unscheduled product orders and unexpected downtime.

During the “ready planning” part, the length of the construction process can be reduced, avoiding unplanned
delays in construction work as well as unscheduled material orders. A time reserve can be built to help in the
management of construction risk. For these reasons, it is very important for a project manager and all construction
managers to devise a look-ahead schedule and analyse the process every week.

Figure 2. Schedule optimisation

Part four is weekly work planning. This step requires the creation of a tactical team that collaborates in the
planning of each day, anticipating the related conditions, sequencing and synchronising the next week’s work. The main
focus of such gradual development is to design reliable work plans.

Part five focuses on daily huddles. In this part, the project team (which in this case study is comprised of one
project manager and three construction managers) discusses the weekly work plan. The main idea of this part is to
understand how everything is going, whether the schedule is implemented according to plan, and what can be changed
to get a better result. In this case study, “plumbing 1 stage” was lagging behind the schedule by two days. As a result,
the decision was made to increase the production capacity, so that the work would be done on time as stipulated in the
contractual schedule.

Part six requires to develop the plan demonstrating the stage of the project completion. This step aims to
understand the efficiency of each employee. The efficiency is the result of the total number of completed activities
divided by the total number of planned activities. This helps to determine the efficiency of the entire group of
employees for each week and the percentage of achievement of the set goals.

The seventh part is linked to the sixth part and focuses on finding the reason for the variance. The trend line shows
the variance coefficient. Aiming to improve the overall percentage value of the next week’s plan, it is very important to
know what needs to be fixed. In this case study, the first and second weeks had the execution rate of about 80%.
According to the LPS theory, such an execution rate is appropriate; therefore, the work was being carried out rationally
and efficiently. However, it should be noted that in the third week, the execution rate fell to 67%. Such a deviation from
the positive result was caused by internal company problems. Rapid response to the situation and resolution of the
problems produced a positive result in the fourth and fifth weeks.

The final part of the Last Planner System is team health, maturity and efficiency, which form the essence of
collaboration. This step requires to understand everything that has been done the right way, lessons learnt, issues that
require attention and the remaining challenges as well as the kind of help the team needs to be successful. Team
members should be able to speak openly about strengths and weaknesses without fear of reprisal.

Conclusions

To effectively implement a successful lean planning system, practitioners and early users must be disciplined and apply
balanced efforts to all eight key elements. In each case, it is important to learn from variance and always collaborate on
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improving the behaviour and interaction between the people in the system. This paper applied the Last Planner System
to achieve the following results: in the Ist part, a construction manager responsible for each project part was selected; in
the 2nd part, the work was organised and the understanding was gained of what exactly workers have done, were doing
and would do; in the 3rd part, the length of the construction process was reduced by avoiding unplanned delays in
construction work as well as unscheduled material orders, which helped to build a time reserve and manage
construction risks; in the 4th part, reliable work plans were developed; in the Sth part, the production capacity was
increased and the work was finished on time as stipulated in the contractual schedule; in the 6th part, the efficiency of
the workgroup was obtained; in the 7th part, the percentage of efficiency was brought back to the appropriate level; in
the 8th part, team members talked openly about strengths and weaknesses without fear of reprisal. In can be stated that
all of these parts of the Last Planner System resulted in the lean project and allowed reaching the best result.
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