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LEAN CONSTRUCTION PRINCIPLES AND
RAILWAY MAINTENANCE PLANNING

Daria Ivina! and Nils O.E. Olsson?

ABSTRACT

Lean construction principles have been successfully adopted in a variety of industries to
increase project management quality. This paper addresses maintenance planning in
Sweden and analyses its effectiveness in the framework of lean construction principles.
To investigate the status and improvement potential of maintenance contractors’
performance, the study focuses on the detailed planning process, which is mainly the
responsibility of contractors. A literature review, a data analysis and interviews were used
to reveal the possible barriers to the adaptation of lean principles to the maintenance
industry. The study presents a developed theoretical framework for the analysing
maintenance processes in the perspective of lean construction principles. We found that
the application of lean principles has the potential for improvements in the planning
process, but there are some barriers to effective implementation, including a lack of
knowledge about lean principles at contractors’ sites.
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INTRODUCTION

The importance of maintaining and developing the railway transportation system is
obvious, due to its relatively low environmental impact and potential as an efficient
transportation system for modern society. A constant increase in the number of trains
operating on existing railway infrastructure in Sweden has led to its deterioration. It
follows that railway infrastructure maintenance amounts to more than 40% of
expenditures in the railway sector (Liden 2016, Trafikverket 2018).

The Swedish Transport Administration (Trafikverket) is the national infrastructure
manager, responsible for the construction, operation and maintenance of Swedish
railways (Trafikverket 2019). Maintenance in Sweden is performed by contractors on
behalf of Trafikverket. All activities that require secure access to the railway
infrastructure must obtain a (work) possession, which guarantees that no trains will run
in the designated area during track work performance (RailNetEurope 2017). The
application for possessions has to be done in relation to the timetabling and capacity
allocation processes. This means that the planning is not primarily based on when the
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necessary information is available. In fact, contractors must apply for the possessions far
in advance before the actual scope of work is known, which is an issue regarding a level
of predictability for the upcoming operational needs. Liden (2018) defined the planning
for possessions at contractors as a ‘“‘core tactical planning problem for all railway
systems.” The number of issues referred to the planning process, such as work timing and
team or resource scheduling demands greater foresight and structured implementation.
Therefore, the purpose of the current research i to study maintenance planning processes
based on the Last Planner® framework. While the empirical material is from Sweden,
several studies indicate that the challenges in railway maintenance are similar in other
countries (Zoeteman 2006, Forsgren et al. 2013, Nikitinas and Dailydka 2016), as well as
other industries (Globerson and Zwikael 2002, Heravi et al. 2015).

THEORY
LEAN PRINCIPLES

Lean principles are widely used in a range of industries. Literature has shown the positive
effects of the introduction of lean principles on customer satisfaction and operational
efficiency (Porwal et al. 2010). Lean contains five main principles used to gain maximum
benefit from the system (Aziz and Hafez 2013): (1) Specify a value for the customer,
(2) Identify value stream, (3) Flow, (4) Pull and (5) Perfection. The main benefit of
implementing lean principles is optimisation of processes by eliminating waste (Parry and
Turner 2006).

Lean construction is an adapted version of lean production philosophy for the
construction industry. Koskela (1999) criticized the traditional conceptual basis of
construction and recommended that the construction industry adopt the lean philosophy.
One of the major contributions to lean construction from lean production was the concept
of Transformation—Flow—Value (TFV) generation (Wolbers et al. 2005).

There are several tools and techniques used in lean construction, such as Last
Planner® System (LPS), first run studies, 5S, and fail-safe for quality and safety (Salem
et al. 2005). More recent developments include Takt time planning. We chose to focus on
LPS because it appears as a suitable framework for analysing the stepwise planning that
is a key characteristic of railway maintenance. Oluwatosin et al. (2019) found that LSP is
the most widely implemented lean tool in the construction industry.

There are some examples of lean principles within the rail industry. Radnor (2006)
argued that lean construction could be successful in the public sector but required
adaptation. Zwas (2006) investigated how lean techniques could be employed in the
Chicago Transit Authority. Koerckell and Ballard (2005) illustrated the implementation
of lean construction in a railway investment project. Last, Dirnberger and Barkan (2007)
described the direct waste in the railway industry as unnecessary moves, mistakes that
require an operation to be repeated, inadequate track maintenance and unsafe operations.

Last Planner® System

Based on lean production principles, LPS was developed by Ballard (2000) to make
planning processes and workflows reliable and to build trust within a collaborative team
environment. Among other principles, in LPS decisions are made as late as possible by
the person who knows the most about the specific task. In this way, the team works more
concurrently and everyone gains an understanding of the value chain (Koskela 1999).
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Currently, there are four established metrics to measure LPS implementation
effectiveness (Ballard and Tommelein 2016): Percentage Plan Completed (PPC), Tasks
Made Ready, Tasks Anticipated, and Frequency of Plan Failures. The PPC measures
workflow reliability and helps identify reasons for plan failure so they can be acted upon
(Ballard and Howell 1998). The LPS focuses on what must be done; therefore, it is
essential to track completed work and compare it with the initial plan, to improve the
planning process. PPC is calculated as the ratio of work performed to work planned. The
use of PPC as a control measure may also increase the estimation accuracy of the duration
of future planned work (Bhaidani et al. 2016, Ballard 2000). PPC is the most commonly
implemented components of the LPS (Daniel et al. 2015).

MAINTENANCE

Maintenance is “an activity aiming to maintain something in good working order, prevent
operational disturbance and/or uphold a given technical standard” (RailNetEurope 2017).
The two main maintenance types are preventive maintenance and corrective maintenance.
In the former, measures are taken after an item’s failure, while the latter is undertaken
regularly to reduce the probability of an item’s failure. Corrective maintenance in the case
of failure tends to cost much more than preventive maintenance (Yile et al. 2008, Mostafa
et al. 2015).

A significant number of track work activities require shutting down the railway track
so that staff can carry out the measures. Maintenance planning processes are regulated by
common European Union guidelines and requirements relating to how long in advance
shutdowns must be notified, for operators—and, thus, travellers—to have the opportunity
to adapt to the conditions with as little negative impact as possible (RailNetEurope 2017,
Directive 2012/34/EU).

The concept of lean maintenance was defined by Smith (2004); later, Hammadi and
Herrou (2018) described the concept as “a wise adaptation of lean alternatives to manage
maintenance sources, their interactions and projects to make the maintenance and its
related processes lean.” The goal is to minimize the cost of maintenance activities by
efficient planning and by illuminating the risks of an unscheduled breakdown. Therefore,
the core of lean maintenance is well-planned, condition-based preventive maintenance.

The concept of lean maintenance refers to waste as inefficiently planned maintenance
or maintenance that does not improve the infrastructure condition to ensure proper
functioning (Olofsson 2019). Mostafa et al. (2015) described eight wastes as (1)
unproductive maintenance, (2) waiting for maintenance resources, (3) centralised
maintenance, (4) poor inventory management, (5) unnecessary motion, (6) poor
maintenance, (7) ineffective data management and (8) under-utilisation of resources.
Olofsson (2019) emphasised that lean maintenance differs from lean manufacturing by
focusing mainly on the planning stage. Scheduling and performing several maintenance
activities simultaneously reduces waste and makes the process cost- and time-efficient.

METHOD

The data collected for this study consist of scientific literature, interviews, documents and
track work data from Trafikverket’s database. The literature search focuses on lean
principles and railway management. Internal regulations and recommendations related to
contactor performance and planning processes were retrieved from Trafikverket’s internal
database. We also reviewed reports written by Trafikverket and external reports.
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To investigate a subjective perception of the maintenance planning process, the semi-
structured interviews with maintenance managers, representing different maintenance
divisions in Sweden, were performed. The interviewees are the project managers from
similar projects, with similar budgets, and timeframes. Twelve project managers from the
client Trafikverket and ten site managers from the contractor companies were asked the
same questions related to management principles (Table 1).

Table 1: Interview guide project managers and site managers

1. Background questions:

What is your experience/role / type of project working on as a project manager/site
manager?

2. Communication / collaboration:

How often do you contact the site manager/project manager?

Is there any difference between how often you communicate with the site manager
depending on contract type?

What information from the site manager has the biggest impact on the project?

What is the biggest challenge during the collaboration with the contractor / Trafikverket?
3. Planning project managers:

How do you plan the work on the tracks?

Do you have any requirements on how the contractor does his work?

Do you have any requirements for the contractor to use tools that can streamline the work?
4. Planning site managers:

How do you plan the work on the tracks?

How do you plan maintenance work against the BUP plan?

How long before track work execution you lock in your plans?

How long before track work execution you know what times you get?
Do you use any kind of tool that can make the work on the tracks more efficient?

Percentage Plan Completed (PPC) analysis was performed to investigate if PPC can be a
relevant measure and data availability for calculating PPC in this type of activity. Two
datasets about the planned and used possession time for performing a certain activity,
obtained from Trafikverket, were combined. The data sources were two different software
used for planning (TrainPlan) and the control of work performed (LUPP). TrainPlan,
contains records of all planned possessions on the track, applied by the contractor, while
LUPP contains statistical data about actual work performed (BAR data). The data is
selected from one region (southern Sweden) for one month (April 2019) due to its
availability. We investigate the possessions booked for all types of track works, which
create certain capacity restrictions for the running traffic, performed by four major
maintenance companies operating in that area. The companies were anonymized.

RESULTS

This chapter starts with a discussion of the maintenance planning process. It continues
with interview results, where we discuss knowledge exchange, performance indicators,
planning complexity, and the possibility for lean principles adaptation. Then we present
the test of PPC calculation utilizing data available at Trafikverket.

PLANNING PROCESS

Planning for maintenance can begin several years before it must be carried out. The
Network Statement (JNB), published annually by Trafikverket, describes the conditions
that exist for running traffic on the tracks during the coming train schedule and forms the
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basis for the continued planning of track work (Honauer and Odeen 2017, Lidén 2016,
SOU 2015). The JNB includes planned major rail works (PSB), which are activities that
have a great impact on traffic and are announced 1.5 years before the timetable is valid.
The track work plan (BAP) describes when and where tracks are reserved for traffic
(Trafikverket 2015). Maintenance must be planned for hours when there is less traffic on
the tracks or when there is available time in the established maintenance windows (Gruhs
2015). When the BAP comes into effect, all track works for the upcoming year are
established and coordinated with the traffic (Figure 1). All possible adjustments that are
preferable from a production point of view, as well as entirely new works, are documented
in the BUP, which is updated every week and contains a detailed description of the
capacity needs (Trafikverket 2015; SOU 2015).

Annual planning. Track work plan BAP Result
( Network Other Contractors report Track work plan Timetable
Statement track the need & Train schedule comes
| INB works for time slots are published into force
\ T-12m I-10m T-8m T-3m T
X
/ BAP revision
( Operational planning. Track utilization plan BUP Result
\ Contractors Devia- Application Unused maintenance Track Daily
~ start applying tional period to BUP windows go for gtilization plan graph
to BUP period is closed the traffic capacity is locked
/ W-12w W-4w W-10d W-1w D-1d
{
[
{ Execution
Direct Train dispatchers
planning book

Figure 1: Maintenance planning process

Four weeks before the production week (W-4w) is the final date for application times,
including ready-made work plans and documents concerning security (Lidén and Joborn
2016). Higgins (1998), Lake et al. (2000, 2002), and Lake and Ferreira (2002) debated
the complications of the weekly scheduling process at the last stages before the
performance of track work. Contractors must apply for possessions in advance, before
they are actually able to enter the stage of detailed process planning. This means they
must guess, based on experience, how long each of their planned activities may take.

The day before production day (D-1d), all required documents—such as time-out
descriptions (e.g., safety and contact information) and daily graphs—are created and
submitted to the traffic control centres that handle train clearance. On production day,
dispatchers can plan unplanned times via a manual procedure (Lidén and Joborn 2016).

The interviews reveal issues that potentially may affect the maintenance planning
process and the quality of contractor’s performance. For example, a challenge facing
knowledge transfer after signing a new maintenance contract: experienced personnel
usually leave their companies when the contract time is over and tend to avoid sharing
knowledge with new workers. The same problem has been discussed and interpreted as a
lack of collaboration and improvement culture by Farmer (2016).
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Some project managers at Trafikverket argued that contractors have poor skills in
planning a long time in advance. According to planning regulations, works that are
anticipated to take longer than fifteen minutes or that do not have an emergency case must
be applied to the BUP no later than four weeks before execution. However, the interviews
revealed that some contractors lock their plans less than four weeks before execution.

The interviews showed that site managers do not get enough possessions after the
application process to perform preventive maintenance. The inability to perform
preventive maintenance does not benefit the railway system in Sweden and ineffective
from the lean maintenance perspective.

The performance measures used by Trafikverket to evaluate contractors are the
experience index and maintenance index. The experience index is a subjective
measurement of satisfaction in the collaboration between Trafikverket and the contractor,
estimated by an independent external company. The maintenance index is used to
measure the contractor’s work efficiency, and it comprises multiple-input data (e.g.,
information about delays in the traffic, delays in the maintenance and infrastructure
failures). According to the interviewees, these indices can vary from project to project.
They can evaluate, for example, the number of infrastructure failures divided by the time
taken to solve the failures. Other measurements can be the influence of the maintenance
works on traffic or the time spent by the contractor to reach the worksite. These indices
can also serve as a basis for fines estimation, which is usually done by project managers.
The opinion of the interviewed contractors about fairness in the usage of these
measurement indices was ambiguous; some said that these measurements do not have an
influence on the performance quality, while others stated the importance of these
measurements for workflow improvement.

The interviewees held various opinions about the implementation of lean principles
and other planning techniques. While project managers at Trafikverket stated that there
are no requirements for contractors to use any specific techniques or strategies at the
operational stage, some contractors mentioned the use of lean principles in their practices,
such as 5S or the late locking of plans. However, there is a general lack of knowledge
about lean principles among contractors, which creates complications in its adoption.

PPC

Possession time booked by maintenance contractor companies is costly, as it blocks trains
from operating on the track. If contractors over- or underestimate their production time,
it can result in maintenance-related waste. To test if PPC can be a relevant measure, we
investigated if there was available data for calculating PPC.

The four major maintenance companies performing track works in southern Sweden
during April 2019 were selected for the study (companies A, B, C and D). The data
evaluated were: the time on the track applied for in the BUP document, the used time on
the track and the time recorded in the BAR data. These data were combined and filtered
down to the works that were performed by companies. The PPC was calculated as a
percentage of time used by the contractor as a ratio of the total amount of possession time
applied for in the BUP. The fluctuation between the announced time and actual contractor
time was considered here as waste.

Figure 2 shows the PPC of all four studied companies. All the companies used more
than 50% of their requested possession time. Company A had the highest PPC, as only
6% of the requested time was not used. Company C underestimated the time needed for
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performing maintenance when applying for possession time in the BUP, which resulted
in the additional use of 24% of the possession time.
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Figure 2: PPC analysis (as a percent of used possessions)

DISCUSSION

In the following, we analyse maintenance planning in a lean construction perspective.
The purpose is to compare observed practice with selected lean principles, in order to
identify potential improvement.

It is not common practice to use lean construction principles for railway maintenance
planning in Sweden. Trafikverket as a client and its contractors do not have enough
knowledge about lean, and therefore, establishing changes to their work routine based on
lean principles may face some barriers. Porwal et al. (2010) determined same challenges
related to LPS implementation as inexperience, resistance to change and lack of training.
Demirkesen et al. (2019) categorised barriers that can lead to the poor implementation of
lean philosophy: political, economic, workforce, cultural, managerial, communication
and technical barriers. The barriers identified in this study were a lack of knowledge about
lean principles, employee resistance to change, inefficiency in source planning, lack of
knowledge sharing and lack of trust. Such barriers were classified by Sarhan and Fox
(2013) as “culture and human attitudinal issues” factors. They revealed a “lack of
adequate lean awareness and understanding” as the most significant barrier to
implementation of lean construction, based on 140 practitioners’ opinions in the UK
construction industry.

The barriers, revealed in the interview with contractors and client project managers,
can be significantly reduced. For example, the lack of adequate lean awareness and
understanding can be addressed by providing seminars and training to educate crew about
lean principles and how to adopt lean principles into the workflow. Daniel (2017)
provided a detailed description of step actions that could be taken at the project level in
order to provide a smooth LPS application. The approach includes developing an effective
strategy, which could potentially be done by Trafikverket in its role as a client. New
innovative strategies need to be supported by top management (Sarhan and Fox 2013).

Table 2 shows the similarity of the LPS and management practices at Trafikverket.
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Table 2: Comparison of the LPS and planning at Trafikverket

Last Planner® principles

Operational planning principles
(BAP /BUP)

Improvement potential

Plan in greater detail as you
get closer to doing the work.

Produce plans
collaboratively with those
who will do the work.

Reveal and remove
constraints on planned tasks
as a team.

Make and secure reliable
promises.

Measure promises kept
(planning capabilities, PPC)
in order to improve by
learning from variance
(workflow disruptions).

Continuously improve as a

The contractors are responsible to plan in

a great level of detail as it gets closer to
the execution stage. The application for
possessions (12-4 weeks before
execution).

The contractor is fully responsible for
planning at the operational stage.
Depending on the contract type, both
parties could be involved at the design
stage.

More of ad-hoc principles in the
contractor's planning.

There is a lack of owners’ trust in
contractors. Contractors do not always
keep deadlines.

Trafikverket regularly inspects
maintenance quality performed by
contractors and controls the possession
usage.

Meetings and panel discussions are held

Make the planning more
detailed at Trafikverket.
Involve contractors in the
design process.

Improve collaboration
quality, data exchange,
and understanding of both
parties’ needs.

Set regulations for
processes management at
contractors. Encourage
development.

Promote efficient time
management and
possession planning.

Provide automated tools
for measuring the
contractor's performance.
Assure learning from
experience.

Remove waste. Focus on

preventive maintenance.
Follow up on the quality
of the planning.

in Trafikverket, and the responsible
project leaders are conducting team
performance analysis occasionally.

team, remove waste and
adjust performance based on
what has been learned to
optimise workflows.

Several maintenance operations can be standardised to reduce different types of waste.
The concept of “scheduling out maintenance” can be adopted in a lean maintenance
environment to maximise the efficiency of operations and maintenance personnel. The
estimation of work duration must be accurate, and delays must be avoided (Heisler 2003).

The concept of gradually increasing the level of detail from BAP to BUP shares
several elements with LPS. BAP plan contains few details and specifications, while BUP
is a more detailed plan created closer to the execution stage (see Figure 1).

Lean thinking in project management means postponing decisions until the last
responsible moment to allow the possibility of identifying and studying alternatives.
Waiting until the last responsible moment to make a decision makes contractors’ planning
processes more efficient from a production point of view. Ruled by this principle,
contractors are expected to apply for possession time as close to the execution stage as
possible. Therefore, the detailed planning conducted by Trafikverket could be optimised
by introducing a shorter (e.g., weekly) period in which applications for work could be
conducted. While this would let the contractor perform necessary maintenance at the most
suitable times, it does have some disadvantages for the whole timetabling process.

Figure 3 illustrates the similarities between planning for railway maintenance and LPS
project planning levels. Initial planning, presented in the figure as “master scheduling”
and “phase scheduling,” produces the initial requirement for the contractor in terms of
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budget, level of responsibility and predetermined time in the timetable for carrying out
the maintenance activities. At this stage, Trafikverket as a client is responsible to prioritise
the works that should be done. Look ahead planning includes the planned maintenance
activities within a one-year period. All planned works that affect traffic are, as mentioned
before, documented in the BAP document, and the timetable for the upcoming year is
published. At this stage, timetable planners and Trafikverket still predetermine for
contractors the works that can be done. Contractors then conduct infrastructure inspection
to prioritise the works that can be done within the predetermined timeframes (i.e.,
possessions). A weekly plan is the result of short-term planning before the execution
stage, and it can be divided into two aspects: (1) the detailed plan, which is the BUP
document, in which all the planned maintenance activities are documented, and (2) the
operational plan, which is created by contractors, as they must perform crew and
equipment planning.

. . Master .
Major possessions . Set milestones
JNB and PSB scheduling
Year + Project
Timetable Track Phase Collaborative

8 work plan f§ scheduling planning
Z Year Phase
< Contractors apply Track | Lookahead Remove =
% for possessions utilization plan f§ plan constraints >
H 12-4 6-2 n
Z weeks weeks -
— Operational ~ Possessions Weekly Reliable T
< planning approved i plan promising [;
2 lweek B lweek %
< Following Operation Execution Plan sl
B the plan day realisation ’;U
5 Day

Measure PPC
Find reasons for plan failure
Learn

Figure 3: Planning process for railway maintenance versus the LPS

In management, it is often said that what cannot be measured cannot be improved (Daniel
2017). At the final stage of maintenance works, execution contractors must follow the
plan and use the possession previously applied for in the BUP document. We did a test of
the possibilities to calculate PPC of maintenance execution. This was done as a
preparation for a possible future recommendation to adopt the PPC technique for
measuring maintenance planning effectiveness. The test indicates that PPC evaluation
technique can be used by Trafikverket as a contractor performance indicator. Through the
project duration, PPC must be tracked consistently, analysed, and discussed at internal
meetings to evaluate each project’s effectiveness.

Production Planning and Control: Transportation and Infrastructure 585



Lean Construction Principles and Railway Maintenance Planning

CONCLUSION

This study focused on the possibilities of using lean principles in the Swedish railway
maintenance market. The study is, as far as we know, the first of its kind. A comparison
of every stage of the maintenance planning process with the stages used in the LPS is
presented. Through such a comparison analysis, it was possible to distinguish certain
actions that could be taken to improve the current status of each stage.

The study demonstrated how Last Planner® principles could improve effectiveness in
maintenance processes. The study presented an example of how the available data at
Trafikverket can be used to analyse the performance of contractors. We tested PPC
calculation and found that data is available for such calculations. We do not recommend
to use PPC in isolation, but as a part of larger lean construction implementation.

Although the study showed that it is possible to improve operational planning
processes by applying lean principles, some barriers to its implementation do exist. The
main problem is a lack of knowledge about lean principles on the contractors’ side. The
adoption of lean principles requires a lot of effort from governmental clients as well as
contractor companies. Such an implementation could be supported by introducing
incentives to encourage the use of lean, an initiative that should come from the client.
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