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Abstract 
In 2002, Sweden started to outsource its railway infrastructure 
maintenance. The Swedish Transport Administration, as the owner of 
the railway assets, used gradual exposure (i.e., outsourcing one 
contract area at a time), to develop its competence of being a client 
towards its contractors. The last contract was outsourced in 2014. In 
the last decade, the development of governance techniques and 
maintenance costs has not matched the increase in traffic. Due to an 
increased awareness of environmentally friendlier transportation, 
traffic is only expected to increase further in the coming years. 
Governance techniques and maintenance cost ultimately depend on 
the client-contractor relationship through public procurement. Hence, 
there is a need for railway custodians to understand the public 
procurement of railway infrastructure maintenance. Therefore, the 
purpose of this thesis is to contribute to the knowledge of public 
procurement of railway infrastructure maintenance. Three separate 
studies were conducted. Study 1 was a literature review to explore 
and determine the state-of-the-art for the field of public procurement 
of railway maintenance. Study 2 was a linear regression analysis to 
examine the relationship between contract design and the output of 
maintenance in Sweden. Study 3 was an interview study in Sweden 
that explored what factors support or hinder cooperation in railway 
maintenance. 

The main results of these studies are that asset knowledge is essential 
for both the client and the contractor. Through reliable asset 
knowledge, incentives and contracts can be designed to support 
governance and collaboration. Today, Swedish railway infrastructure 
maintenance is dominated by informal relationships that lack the 
support of formal partnering activities. Literature in supply chain 
integration state when a formal structure supports an informal 
relationship, it can provide a basis for innovation. This formal 
structure should be focused on gaining and sharing asset knowledge. 
By establishing a system to increase the asset knowledge and 
supporting collaboration, public organizations of railway maintenance 
can provide a basis for the improvement of maintenance. 
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Sammanfattning 
2002 började Sverige konkurrensutsätta sitt järnvägsunderhåll. 
Trafikverket använde sig av gradvis introducering (d.v.s. ett kontrakt i 
taget) för att utveckla sin kompetens som beställare av 
järnvägsunderhåll. 2014 konkurrensutsattes det sista kontraktet i 
järnvägsnätet. Under det senaste årtiondet har utvecklingen av 
styrning och övervakning av järnvägsunderhållet inte korrelerat med 
ökningen av trafiken i spåret. Genom en allmän ökning av 
miljövänlig transport förväntas järnvägstrafiken att öka ytterligare 
inom de kommande åren. Styrning och underhållskostander är 
beroende av förhållandet mellan beställare och utförare genom den 
offentliga upphandlingen. Det är därför viktigt för järnvägsförvaltare 
att förstå offentlig upphandling av järnvägsunderhåll. Syftet med 
denna avhandling är att bidra med kunskap inom området offentlig 
upphandling av järnvägsunderhåll. Tre separata studier har 
genomförts. Studie 1 var en litteraturstudie för att undersöka tidigare 
studier inom offentlig upphandling av järnvägsunderhåll. Studie 2 var 
en linjär regressionsanalys för at undersöka förhållandet mellan 
kontraktet och utfallet av underhållet i Sverige. Studie 3 var en 
intervjustudie utförd i Sverige, där faktorer som stödjer eller hindar 
samverkan inom konkurrensutsatt järnvägsunderhåll undersöktes. 

Resultatet av dessa studier var att anläggningskunskap är viktigt för 
både beställare och utförare. Genom tillförlitlig anläggningskunskap 
kan incitament och kontrakt utförmas för att stödja styrning och 
samverkan. Idag domineras Svenskt järnvägsunderhåll av informella 
relationer som inte stödjs av formella samverkansaktiviteter. 
Litteratur inom supply chain integration nämner att när informella 
relationer får stöd av formella strukturer stödjs även 
innovationsarbete. Den formella strukturen ska vara centraliserad 
kring spridningen av anläggningskunskap. Genom att etablera ett 
system för samverkan via en spridning av anläggningskunskap kan 
statliga förvaltare av järnvägen förbättra dess underhåll. 
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1 Introduction 
This chapter contains the background of this thesis. Here you 
will also find a problem discussion, purpose, and research 
questions, as well as the overall structure of the thesis. 

1.1 Background 
The Swedish railway network is vital for the Swedish economy, 
transporting both goods and civilians between destinations. Totaling 
16 500 km of track, the Swedish Transport Administration (STA) is 
responsible for 14 100 km of these. Eighty percent of the 14 100 km 
STA administrated tracks are electrified. In recent years there has 
been an increased awareness of environmental issues. As a result, the 
electrified railway has received increased attention since it can 
provide an environmentally friendlier transportation, depending on 
the electricity production (Hawkins, Singh, Majeau-Bettez, & 
Strømman, 2013). Therefore, the traffic intensity on the railway 
tracks is expected to increase (TRV, 2019), as it has in the recent 
decade (TRV, 2018). The STA has, since its formation in 2010, been 
instructed by the Swedish government to increase productivity, 
efficiency, and innovation for maintenance (TRV, 2017). Hence, 
maintenance activities and governance structure must correlate to the 
increase in traffic (Andersson & Hultén, 2016) since the most crucial 
quality aspects for the railway is safety and reliability (Alexandersson 
& Hultén, 2008).  

The Swedish railway network has been state-owned since 1938. 
During the period 1938-1988, both traffic and maintenance were 
governed by one organization, Statens Järnvägar1. In 1988, Statens 
Järnvägar was eventually split into two, with Statens Järnvägar still 
managing traffic and the newly formed Swedish Rail Administration2 
managing construction and maintenance. During the period 1988-
2002, the Swedish Rail Administration started to procure some of its 
maintenance activities from third party contractors. Therefore, the 

                                                 
1 SJ 
2 Banverket 



INTRODUCTION 

3 
 

Swedish Rail Administration was given an appropriation direction in 
2000 to determine if maintenance on the railway network should be 
outsourced (Banverket, 2001; TRV, 2017). Following an internal 
investigation, the Swedish Rail Administration decided that 
maintenance of the Swedish railway network was to be outsourced, 
beginning in 2002 (Banverket, 2000; Näringsdepartementet, 2015b). 
In the investigation, gradual exposure was proposed as a way of 
performing the outsourcing, due to knowledge from the attempt in 
Great Britain (Kennedy & Smith, 2004; Vickerman, 2004).  

Starting in 1994, Great Britain saw a transfer of all railway 
infrastructure assets from British Rail (the British version of Statens 
Järnvägar) to a new, government-owned, company called Railtrack. 
British Rail, who previously carried out most of the business on the 
railway track, now became a train operator company. In 1996, 
Railtrack was then sold to the public, introducing contracts, between 
Railtrack and British Rail, governing the charges for access to the 
railway track. However, the railway infrastructure maintenance did 
not transfer from British Rail to Railtrack. Instead, separate 
maintenance companies performed railway maintenance through 
procurement. Maintenance separation from Railtrack resulted in a 
complicated contractual situation where every railway-related 
company, public or private, had a contract with Railtrack, see Figure 
1. (Kennedy & Smith, 2004; Vickerman, 2004) 
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Figure 1 - The organizational structure of Railtrack, adapted from Vickerman (2004) 

The main idea behind Railtrack was to use the revenue from the 
railway access charges to modernize the railway network. During 
1996-2000, the traffic intensity increased and put more demand on 
the network. The problem that Railtrack faced was that any failure or 
delay caused by the railway assets caused all affected trains to be 
entitled to financial compensation from Railtrack. As such, as the 
traffic increased, the profit turned to debt and maintenance was 
ultimately neglected. In October 2000 a big accident occurred at 
Hatfield that exposed the existing problems with the state of 
infrastructure and management of maintenance. After the accident, 
the cost of maintenance increased drastically, further extending the 
debt for Railtrack. As bankruptcy approached, Railtrack was placed 
into administration by the government. In 2002, all railway 
infrastructure assets were purchased by a new, government-owned, 
company called Network Rail. (Kennedy & Smith, 2004; Vickerman, 
2004) 
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Ultimately, the neglecting of maintenance and safety, as we saw in 
Great Britain, was what failed the outsourcing attempt (Vickerman, 
2004). The Swedish Rail Administration opted for gradual exposure 
of the railway network while still owning the railway infrastructure 
assets. Gradual exposure provided the opportunity to learn how to 
outsource maintenance gradually. As time went on in Sweden, more 
and more maintenance was outsourced each year. Initially, the time 
frame for the exposure of the entire railway network was set until 
2007 but later adjusted to 2011. The STA formed in 2010, by 
combining the Swedish road, railway, air, and sea administrations 
into one organization with the overall goal of increasing productivity, 
efficiency, and innovation (TRV, 2017). The STA inherited the 
procurement of railway infrastructure maintenance from the Swedish 
Rail Administration. Finally, in 2014, the last track section was 
outsourced to a third-party contractor. 

Railway infrastructure maintenance can be classified into two 
categories, corrective and preventive maintenance. Corrective 
maintenance occurs when something breaks down, i.e., a more 
reactive approach. Preventive maintenance is more proactive, and 
performed before something breaks down. It is of course desired by 
railway clients (like the STA) to have contractors that work 
proactively to keep the railway track operational all hours of the day. 
However, preventive maintenance is difficult in practice. Ideally, 
public clients need correct knowledge about the railway assets 
condition (Olsson & Espling, 2004; Rahman & Chattopadhyay, 
2010), coordinated planning of maintenance activities (Forsgren, 
Aronsson, & Gestrelius, 2013), grouping of maintenance activities to 
reduce cost (Budai, Huisman, & Dekker, 2006), and overall supply 
chain management (Mazzola & Perrone, 2013; Pérez-Salazar, 
Lasserre, Cedillo-Campos, & González, 2017). For the STA to meet 
the government instruction of increased innovation is challenging in 
practice. 
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1.2 Problem Discussion 
Outsourcing has the potential to reduce overall cost through the 
introduction of market pressure (Domberger & Jensen, 1997; 
Odolinski & Smith, 2016) and improved efficiency (Alexandersson & 
Hultén, 2008). However, outsourcing of maintenance is challenging 
in practice. Odolinski and Smith (2016) performed a statistical 
analysis of Swedish railway maintenance data and argued that 
outsourcing had lowered the cost of maintenance with 12 percent. 
Despite the reduction in cost of maintenance, several studies state that 
there is a neglect of maintenance of the Swedish railway network.  

The Swedish national audit office evaluated the public procurement 
process of railway and road maintenance and concluded that 
productivity has decreased due to the selected procurement strategy 
(RiR, 2012). Andersson and Hultén (2016) conclude that there has 
been increased spending of 140 percent in railway maintenance since 
the outsourcing start in 2002. The cost of maintenance is increasing 
four to five times faster than railway operations (i.e., traffic), causing 
a misalignment between railway maintenance and railway operations. 
Andersson and Hultén (2016) argue that the main problem with this 
misalignment in maintenance cost is the governance structure of the 
STA. A government report (Näringsdepartementet, 2015a) indicates 
examples of misaligned governance, e.g., there is a need for the STA 
to increase the knowledge transfer of how railway maintenance is 
performed or to introduce feedback from and to the contractors. Also, 
Lingegård and Lindahl (2015) conclude that there is a knowledge 
asymmetry between the STA and its contractors causing a lack of 
knowledge transfer from the contractors back to the STA, ultimately 
leading to a lack of trust. This lack of trust is expressed in Abdi et al. 
(2014) that concluded from data collected from the STA and 
contractors using both interviews and surveys, that contractors have 
dissatisfaction with the all-year-round contract. The expressed 
dissatisfaction is, e.g., lack of clarity in the contract, lack of 
governance by the client, or lack of consideration for the climate. 
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The STA has reformed its procurement strategies in 2014 (TRV, 
2012; TRV, 2017). This reform was to motivate contractors to be 
more innovative by allowing more degrees of freedom in the all-year-
round contract. The idea was that contractors were given more 
responsibility for the railway system together with more freedom over 
planning, organizing, and executing maintenance activities. However, 
if this reform has had any effect on innovation capabilities is 
unexplored (TRV, 2017), and the railway maintenance grants have 
only increased in recent years (TRV, 2019). The use of gradual 
exposure creates problems in evaluation between contract areas. 
Some contracts have been outsourced since 2003, having a more 
advanced supply chain management, other contracts have only been 
outsourced since 2014 with less developed supply chain management 
(TRV, 2017). The development of supply chain management 
techniques ultimately depends on trust between client and contractor 
(El Ouardighi, 2014; Fynes, Voss, & de Búrca, 2005; Leuschner, 
Rogers, & Charvet, 2013).  

A majority of Swedish railway maintenance is governed by 
guidelines and requirements (TRV, 2017). These guidelines and 
requirements create a low degree of freedom in practice, even though 
contracts allow a high degree of freedom, causing a misalignment. 
This misalignment within railway infrastructure maintenance creates 
uncertainties regarding trust, communication, and cooperation 
(Lingegård & Lindahl, 2015; Näringsdepartementet, 2015a; 
Näringsdepartementet, 2015b; RiR, 2012; TRV, 2017). Hence, there 
is a need to understand public procurement strategies, contract design, 
and cooperation within railway infrastructure maintenance. 
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1.3 Purpose and Research Questions 
The purpose of this thesis is to contribute to the knowledge of public 
procurement of railway infrastructure maintenance. 

Based on the background, problem discussion and purpose, the 
following research questions have been formulated: 

RQ 1. How do public procurement strategies affect railway 
infrastructure maintenance? 

RQ 2. What is the relationship between contract design and the 
outcome of Swedish railway infrastructure 
maintenance? 

RQ 3. How is cooperation supported or hindered within public 
procurement of Swedish railway infrastructure 
maintenance?  
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1.4 Thesis Structure 
This thesis contains six chapters. Chapter one provides an 
introduction to the thesis and its purpose. The second chapter 
describes the frame of reference to this thesis. Chapter three and four 
provides the methodology and a summary of the appended papers. 
Finally, a discussion and conclusion are presented in chapter five and 
six. 

The research purpose is broken down into three research questions. 
Each of these questions corresponds to the appended papers (Figure 
2). In the final chapters of this thesis, the papers are discussed and 
concluded. 

 
Figure 2 - The structure of the appended papers and this study 
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2 Frame of Reference 
This chapter contains general terms, definitions, and 
concepts that constitute the theoretical frame of reference for 
the research presented in this thesis. This chapter introduces 
descriptions and explanations for public procurement, supply 
chain integration, and contract design.  

2.1 Public Procurement 
Public procurement is the acquisition of works, supplies and services 
by public companies, and can be seen as a way to create social 
outcomes (Edquist & Zabala-Iturriagagoitia, 2012; McCrudden, 
2004). Without public procurement, governments usually regulate the 
market through laws and regulations. However, by applying public 
procurement, governments are becoming more active within a market, 
taking the role of a purchaser (Edquist & Zabala-Iturriagagoitia, 
2012). By having a more active role as a purchaser of works, 
supplies, and services, governments can drive development and 
innovation better than through R&D grants (Edler & Georghiou, 
2007; Geroski, 1990).   

In the early 2000s, there was a dip in the usage of public procurement 
due to harsh regulations from the European Union (Edler & 
Georghiou, 2007). However, an increased understanding of the 
importance of public procurement resulted in the incorporation of 
public procurement into the future development plan for the European 
Union (European Commission, 2003), a plan that was updated in 
2017 (European Commission, 2017). Since 2003, public procurement 
has received increased interest in research for having the potential to 
drive innovation (Edler & Georghiou, 2007; Edquist & Zabala-
Iturriagagoitia, 2012; Uttam & Le Lann Roos, 2015).  

Edquist and Zabala-Iturriagagoitia (2012, p. 1759) state that “by 
definition and by design, there is always some cooperation between 
procurers and (potential) suppliers in public procurement for 
innovation.” Although public procurement can drive innovation, it 
has also received criticism from a project management perspective 
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within construction, for not being a holistic and systemic approach 
(Eriksson, P. E. & Westerberg, 2011; Pesämaa, Eriksson, & Hair, 
2009). When clients fail to provide such a holistic approach and only 
procure contractors that follow specifications, it sustains industry 
norms and hinders innovation (Eriksson, P. E., Larsson, & Pesämaa, 
2017; Koolwijk, van Oel, Wamelink, & Vrijhoef, 2018; Lingegård & 
Lindahl, 2015). One solution for creating a holistic approach is to 
promote better communication (Eriksson, P. E. & Westerberg, 2011) 
and contractor engagement in the procurement process (Hastie, 
Sutrisna, & Egbu, 2017). By promoting contractor engagement, 
public clients provides a basis for incorporating more 
environmentally and socially sustainable procurement practices 
(Meehan, Ludbrook, & Mason, 2016), e.g., sustainable public 
procurement (see, e.g., Meehan & Bryde, 2011; Uttam & Le Lann 
Roos, 2015) or green public procurement (see, e.g., Riillo, 2017; 
Testa, Annunziata, Iraldo, & Frey, 2016).  

Another aspect of viewing public procurement is as a tool for the 
management of quality (Bergman & Lundberg, 2013). The 
formulation of contracts based on the tendering documents provides 
the basis for the contractor to manage quality (Camén, 2010). 
Through the contract, contractual incentives can be provided to 
contractors to stimulate quality and cost reduction (Borg & Lind, 
2014). However, there is a risk for contracts to become too detailed 
and static (Camén, 2010), due to a lack of flexibility under the public 
procurement act (Camén, Gottfridsson, & Rundh, 2012; Tadelis, 
2012). The lack of flexibility leads to firms not entirely using their 
experience to stimulate quality (Reichstein, Salter, & Gann, 2008). 
Bröchner et al. (2016) argue that procurement officials should give 
more care to quality criteria when selecting contractors. Today, public 
procurement in Sweden is often done at the lowest cost (Lingegård & 
Lindahl, 2015). By focusing on the lowest cost, the contractor has no 
clear incentive to focus on quality improvements (Ahola, Laitinen, 
Kujala, & Wikström, 2008). 

  



FRAME OF REFERENCE 

14 
 

2.2 Supply Chain Integration 
Client-contractor relationship (or supply chain integration) has 
received increased importance in construction management over the 
last decade due to an increased innovation focus by public clients 
(Eriksson, P. E., 2015; Koolwijk et al., 2018). Since public 
procurement can be an enabler for innovation (Edquist & Zabala-
Iturriagagoitia, 2012), there is a need to understand how public 
procurement can drive innovation. For the duration of a project, the 
client and contractor create a close relationship with one another 
(Leuschner et al., 2013).  

To drive innovation, there is a need for collaborative approaches to 
utilize a close client-contractor relationship (Eriksson, P. E., 2015; 
Koolwijk et al., 2018). Eriksson (2015) has studied construction 
management and mentions four dimensions of supply chain 
integration for innovation; scope; duration; depth and strength. Scope 
concerns the number of organizations (e.g., client, contractor, sub-
contractor, or consultants) that are integrated into the supply chain. 
Duration concerns the timeframe of the contract of both current and 
parallel contracts. Depth concerns the number of professions (e.g., 
project manager, supervisors, economist, or technician) that are 
integrated into the supply chain. Finally, strength concerns the 
number and extent of partnering activities that are carried out in the 
contract. Partnering activities are not just regular meetings, but 
information sharing (Leuschner et al., 2013), inclusive decision 
making (Koolwijk et al., 2018) and team-building activities (Van der 
Vaart & Van Donk, 2008). 

Although these four dimensions by Eriksson (2015) need to be 
simultaneously nurtured, Koolwijk et al. (2018) suggest they are not 
enough. Van der Vaart and Van Donk (2008) argue that the attitude 
of people for supply chain integration is essential, together with the 
strength of integration. Leuschner et al. (2013) consider trust and 
commitment to be a significant part of the relational integration. 
Relational integration is not just the duration of the current contract, 
but also previous contracts between the client and contractor 
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(Leuschner et al., 2013). These previous relationships have effects on 
team learning and behaviors since there is a preexisting level of trust 
or distrust (Koolwijk et al., 2018). In contractual relationships where 
the client and contractor are already familiar with each other, formal 
partnering activities need to support the informal relationship (ibid.). 

2.3 Maintenance Contract Design 
The purpose of a contract is to have a written agreement between 
different economic actors on a subject that they may have a different 
perspective on (Borg & Lind, 2014). As such, while minimizing cost, 
the payment for the contractor should be high enough to minimise 
moral hazard (Borg & Lind, 2014). In maintenance, most assets are 
pre-built, and creating a win-win situation is hard without accurate 
asset knowledge (Tarakci, Tang, Moskowitz, & Plante, 2006). 
Therefore, maintenance contract design depends on the understanding 
of asset condition and pricing of the maintenance requirements 
(Olsson & Espling, 2004). Cross (1988, p. 8) mentions three factors 
that affect maintenance services; (1) pressures for reducing costs; (2) 
reorganization to allow an improvement of the service given; (3) 
withdrawal from providing a particular service and introduction of 
suppliers, i.e., outsourcing of the maintenance service. With the help 
of outsourcing, client organizations often try to find an optimum 
between cost control and operational improvements (Borg & Lind, 
2014). Contracts need to specify the content of service as accurately 
as possible (Rahman & Chattopadhyay, 2010; Tarakci et al., 2006); 
otherwise there is a risk of conflicts (Borg & Lind, 2014; Kadefors, 
2005). The contract design, therefore, manages the risk allocation 
between the client and contractor (Borg & Lind, 2014).  

Pricing and payment are sources for conflict in contract situations 
(Kadefors, 2005), and as such, the payment scheme must be designed 
carefully (Borg & Lind, 2014). The careful consideration in designing 
these payment schemes is of vital importance to minimize conflicts 
and to distribute the right amount of risk (Kadefors, 2004). 
Simplified, there are two types of pricing: fixed-price and actual cost 
(Borg & Lind, 2014). A fixed price is a fixed payment for the 
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maintenance activities, regardless of time. The actual cost is payment 
according to actual time and input, including factors such as time, 
personnel, and equipment. Traditional railway maintenance contracts 
in Sweden have a mixture of the two payment types. However, 
Sultana et al. (2013) mention problems with the traditional way of 
contacting and procuring. Procurement of the lowest cost may result 
in a neglect of asset quality for the reduction of the overall cost 
(Pesämaa et al., 2009; Sultana et al., 2013). The client has to ensure, 
by either inspections or governance, that the quality is not jeopardized 
(Lingegård & Lindahl, 2015). 

2.3.1 Partnering in Railway Infrastructure Maintenance 
In Sweden, partnering has been used in the railway infrastructure 
maintenance contracts (TRV, 2017). The core idea of partnering in 
railway maintenance has its foundation in early partnering literature 
(Barlow, Cohen, Jashapara, & Simpson, 1997). The same literature is 
used in other research fields (e.g., construction). The partnering 
concept focuses on organizational collaboration, trust-building, and 
transparency (Barlow et al., 1997). The main idea is to make contacts 
more flexible to change by close cooperation between client and 
contractor (Abdi et al., 2014; Olsson & Espling, 2004). By close 
cooperation, the aim is to drive innovation, increase productivity and 
implement new ways of working (Eriksson, P. E., 2015; Ingemansson 
Havenvid, Hulthén, Linné, & Sundquist, 2016). Because the client is 
the end-user and the formulating requirements of a procured service, 
the client is expected to drive both the partnering process and the 
knowledge transfer by encouraging partnering activities 
(Ingemansson Havenvid et al., 2016; Olsson & Espling, 2004). 
Bennett and Jayes (1995, p. 2) define partnering as: 

“… a managerial approach used by two or more 
organizations to achieve specific business objectives by 
maximizing the effectiveness of each participant’s 
resources. The approach is based on mutual objectives, an 
agreed method of problem resolution and active search for 
continuous measurable improvements.” 
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However, clients have had problems with both understanding and 
implementing partnering (Lingegård & Lindahl, 2015). Olsson and 
Espling (2004) have constructed a framework for partnering in 
railway maintenance contracts. Olsson and Espling (2004, p. 245) 
mention four key factors: 

• Requirements for partnering 
• Partnering process 
• Success elements 
• Measurements 

Olsson and Espling (2004) describe the key factor requirements for 
partnering as a degree of complexity. More complex contracts require 
more integrated collaboration through a partnering process. In railway 
maintenance, the complexity and potential for partnering are high. 
Partnering process is described as accurate asset knowledge and clear 
objectives that have to be driven by the client. Success elements 
regard honest communication and knowledge transfer of tacit 
knowledge between maintenance personnel. Finally, the key factor 
measurements regard data collection of maintenance activities. These 
measurements should be done in such a way that the client can 
evaluate both the railway assets and the contractors’ performance. 
(Olsson & Espling, 2004) 

There are similarities in the framework for railway maintenance 
provided by Olsson and Espling (2004) and concepts within 
construction management. Firstly, the idea that projects with high 
complexity require more collaboration is also described by, e.g., 
Eriksson, P. E. et al. (2017) as well as Anvuur and Kumaraswamy 
(2007). Secondly, a partnering process driven by the client is also 
evaluated by, e.g., Ingemansson Havenvid et al. (2016). Lastly, 
knowledge transfer and open communication are essential, according 
to, e.g., Koolwijk et al. (2018). Olsson and Espling (2004, p. 245) 
state that the partnering process from construction management can 
be “equally applied to maintenance partnership contract in the rail 
industry” due to high complexity and strong dependency between 
client and contractor. Although there is a need for some adjustments 
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for partnering in railway maintenance, construction management has 
a more developed understanding of partnering (Olsson & Espling, 
2004).  

2.4 Quality Management and Innovation 
By public procurement, railway infrastructure maintenances are 
executed as inter-organizational projects (Mazzola & Perrone, 2013). 
Since the railway assets are long-term and projects are short-term, the 
challenge is to combine short-term efficiency and long-term 
innovation (Bygballe & Ingemansson, 2014). Supply chain 
management is seen as a way of managing inter-organizational 
projects (El Ouardighi, 2014; Yu, Jacobs, Salisbury, & Enns, 2013). 
A field that combines supply chain management and innovation 
activities is total quality management (Pérez-Salazar et al., 2017; 
Steiber & Alänge, 2013). TQM arrived in the last part of the 1980s 
and had a strong emphasize on statistical tools, giving rise to concepts 
as Six Sigma and Lean Production (Dahlgaard-Park, 2011). 

The difficulty in combining total quality management (TQM) and 
innovation is not new (Fundin, Bergquist, Eriksson, & Gremyr, 2018) 
and can be described as the challenge to combine exploration and 
exploitation (Benner & Tushman, 2015). He and Wong (2004, p. 483) 
define exploration as "technological innovation activities aimed at 
improving existing product-market domains" and exploitation as 
"technological innovation aimed at entering new product-market 
domains." Gupta et al. (2006, p. 694) note that although both concepts 
contain similarities they “pertain to whether the new learning occurs 
along the same trajectory as the old one or along an entirely different 
trajectory.” 

TQM has received criticism due to the ambiguity of the concept 
(Fundin et al., 2018; Hellsten & Klefsjö, 2000; Klefsjö, Bergquist, & 
Garvare, 2008). Sitkin et al. (1994) argue that TQM should be 
separated into two different concepts total quality control (TQC) and 
total quality learning (TQL). TQC is described as the exploitation of 
existing skills and resources, whereas TQL focuses on exploring new 
skills and resources (ibid.). A similar description of exploration and 
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exploitation is found in Benner and Tushman’s (2015) productivity 
dilemma, which is for organizations to simultaneously stimulate 
exploration and exploitation (i.e., organizational ambidexterity). 

As organizations implemented TQM, standardization became the 
norm, to eliminate waste or variation (Eriksson, H. & Hansson, 2006; 
Eriksson, H. et al., 2016), 1.1 million organization had third-party 
certifications in 2013 (Heras-Saizarbitoria & Boiral, 2013). However, 
standardization approaches to quality management have received 
criticism for not considering variations between application areas 
(Eriksson, H. et al., 2016), specifically, by not allowing flexibility for 
innovation (Cole & Masumiya, 2007; Fundin, Backström, & 
Johansson, 2019). To combine standardization and innovation is, 
arguably, difficult in practice for organizations (Fundin et al., 2018). 
For standardization to support innovation, the organization needs to 
work proactively (Behmer, Jochem, & Hanke, 2016) and not become 
too bureaucratic (Asif, de Vries, & Ahmad, 2013). 

Through standardization, the emphasis shifted towards the 
exploitation of existing knowledge, hindering the exploration of new 
knowledge (Cole & Masumiya, 2007). Benner and Tushman (2015) 
extend the innovation argument further by stating that organizations 
often focus on in-house innovation, something that hinders 
exploration. Organizations need to shift the focus of innovation from 
the firm to the community (Suddaby, Hardy, & Huy, 2011). 
Therefore, Kim et al. (2012) argue that TQM practices are positively 
linked to innovation, particularly process management. However, this 
definite link is only found in organizations that go beyond 
standardization and establishes routines for learning and supporting 
innovation (ibid.). Hence, the raw implementation of TQM practices 
can, therefore, impede organizations’ ability to innovate (Benner & 
Tushman, 2015; Cole & Masumiya, 2007; Sitkin et al., 1994). 
Therefore, organizations need to create organizational learning to 
support standardization and TQM practices (Kim et al., 2012; Steiber 
& Alänge, 2013). 
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2.4.1 Supply Chain and Knowledge Management 
The ambiguity of the term quality (Giroux, 2006; Reeves & Bednar, 
1994) and TQM (Fundin et al., 2018; Hellsten & Klefsjö, 2000; 
Klefsjö et al., 2008) makes it possible to link quality management to 
many different research fields, e.g. innovation, corporate social 
requirements, environmental management (Fundin et al., 2018, p. 
125). Supply chain management is among the different fields within 
quality management (ibid.) and is linked to infrastructure 
maintenance due to its inter-organizational characteristics (Mazzola 
& Perrone, 2013; Pérez-Salazar et al., 2017). Supply chain integration 
regards the integration (or collaboration) of different actors in the 
supply chain (Eriksson, P. E., 2015), whereas supply chain 
management is to coordinate the supply chain to perform better (El 
Ouardighi, 2014). Pérez-Salazar et al. (2017, p. 712) define a supply 
chain as a “dynamic system of flows, which encompasses material 
flow and capital flow driven by information flow and knowledge 
flow.” Consequently, to understand supply chain management, it is 
also essential that organizations understand information flow and 
knowledge flow, i.e., knowledge management (Liew, 2008; Pérez-
Salazar et al., 2017). 

Knowledge management has become increasingly important for 
organizations (Chuang, Liao, & Lin, 2013; Pérez-Salazar et al., 
2017). Oshri et al. (2005) argue that knowledge management can be 
considered as a continuum running from exploitation to exploration, 
rather than the two being strict categories (Marra, Ho, & Edwards, 
2012). Marra et al. (2012) present a second way of viewing the 
continuum after a literature review, as one running from knowledge 
sharing to knowledge creation. Pérez-Salazar et al. (2017) also reach 
a similar conclusion about knowledge management (a continuum 
from knowledge sharing to knowledge creation), after a literature 
review. Therefore, when considering supply chains, Yu et al. (2013) 
argue that knowledge creation and supply chain integration is closely 
connected. However, Chen et al. (2013) state that if there is a high 
level of trust between firms in the supply chain, then supply chain 
integration is also connected to knowledge sharing. Koolwijk et al. 
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(2018) concluded that previous relationships between firms create 
trust or distrust in the supply chain. Therefore, as the level of trust 
increases, knowledge management processes should move along the 
continuum, from knowledge creation to knowledge sharing (Marra et 
al., 2012). However, in railway infrastructure maintenance in Sweden 
the knowledge management processes are stuck at knowledge 
creation despite a high level of trust (see, e.g., Andersson & Hultén, 
2016; Forsgren et al., 2013; Lingegård & Lindahl, 2015). Hence, 
knowledge management has not received an appropriate amount of 
attention within railway infrastructure maintenance in Sweden. 
Lingegård and Lindahl (2015, p. 173) mentions that one reason 
behind the lack of attention could be: 

“If contractors are going to use their knowledge to 
improve the infrastructure, it is likely that some of their 
competitive advantage depends on keeping this knowledge 
within the firm.” 

Marra et al. (2012) point out the intertwined link between supply 
chain management and knowledge management by using the term 
“knowledge supply chain.” By viewing knowledge management as a 
leverage mechanism (Pérez-Salazar et al., 2017) and as an integration 
mechanism (Yu et al., 2013) for supply chain collaboration, 
knowledge management can improve integration, collaboration and 
knowledge sharing (Marra et al., 2012). 
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3 Method 
This chapter starts with a summary of my research process 
and a description of the research purpose and approach used 
in this study. It also describes the research design within the 
individual papers that form the basis of this thesis. 

3.1 Summary of the Research Process 
The research presented in this thesis began in April 2016 when I 
started working in the department of Quality Technology at Luleå 
University of Technology (LTU). I became involved in a research 
project funded by the STA (Trafikverket) and the research council for 
environment, agricultural sciences, and urban development 
(FORMAS)3. The project aimed to examine how the STAs 
procurement strategies have altered the governance, functioning, and 
performance of railway infrastructure maintenance. Since the area of 
public procurement of railway infrastructure maintenance was 
unfamiliar to me, my supervisors (Bjarne Bergquist, Tina Karrbom 
Gustavsson, and Per Erik Eriksson), together with research associate 
Peter Söderholm, decided that a literature review would be 
appropriate to gain more knowledge. After an initial search, I realized 
that there was limited literature in the research field. To increase my 
understanding, I read material from the STA and other related fields 
(e.g., construction management). For the literature review, we 
followed a systematic review and compiled the results in the spring of 
2017, presented in paper 1. 

During the fall of 2016, I took a course in linear regression analysis to 
become more comfortable with the analysis of historical data. Since 
we sought to learn from past performances and previous ways of 
procuring, analysis of historical data through linear regression 
analysis seemed appropriate. As I gained knowledge about linear 
regression analysis, I, Bjarne Bergquist, and Peter Söderholm started 
to produce results from the historical data. After an initial paper 

                                                 
3 Reference number: 2015-119 
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presented at the 20th QMOD conference in Elsinore, the research was 
evolved and compiled in the spring of 2019, presented in paper 2. 

After an increase in knowledge and understanding through the 
literature review and linear regression analysis, I and Tina Karrbom 
Gustavsson with support from Per Erik Eriksson started to work on an 
interview study. The interviews aimed to understand the different 
approaches, considerations, and consequences that exist. With 
knowledge from the literature review, we compiled an interview 
guide to conduct semi-structured interviews. The interviews were 
carried out in 2017. We selected one contract with proximity to the 
university and two based on the linear regression analysis. In the fall 
of 2017, we started to compile the result from the interview study. 
Part of the result was presented at the 5th participatory innovation 
conference in Eskilstuna. The result was later evolved in the spring of 
2018, presented in paper 3. 

The research project with the STA (Trafikverket) and the research 
council for environment, agricultural sciences, and urban 
development (FORMAS) ended in December 2018. During the 
project, the STA received a government mandate to evaluate the 
possibilities to return railway infrastructure maintenance in-house 
(see TRV, 2017). The result and decision were to return maintenance 
inspection in-house. This decision aligned with the start of the 
interview study and something we included in the interview guide.  

3.2 Research Purpose 
The key to all research is to formulate good research questions. Yin 
(2018) argues that the research question provides the foundation for 
the selection of appropriate research methods. Based on the 
formulation of the question, the purpose of the research can be 
divided into three categories, exploratory, descriptive, and 
explanatory. Exploratory research is classified as research within a 
field that has poor or no previous existing research, providing the 
opportunity to supply a basis for future research (Gerring, 2007). 
According to Yin (2018), exploratory research question has the form 
of “who,” “what,” “where,” “how many,” or “how much.” 
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Descriptive research has the same form or research questions, but can 
be seen as a continuation of exploratory research (Saunders, Lewis, & 
Thornhill, 2012) focusing on describing a rare situation (Zainal, 
2007). Finally, explanatory research focuses on research questions in 
the form of “how” or “why” (Yin, 2018). Therefore, explanatory 
research focuses on cause and effect relationships (Zikmund & Babin, 
2007). However, to have a good understanding of the phenomenon 
under study, explanatory research is often preceded by exploratory or 
descriptive research (Bryman, 2008). 

The study in this thesis is mainly based on three papers with different 
research questions. The first paper corresponds to the first research 
question “How do public procurement strategies affect railway 
infrastructure maintenance?” The formulation of “how do” has 
correlations to exploratory research, indicating that the aim is to 
understand public procurement of railway infrastructure maintenance 
through a literature review. 

The second paper corresponds to the second research question, “What 
is the relationship between contract design and the outcome of 
Swedish railway infrastructure maintenance?” This question is more 
explorative and seeks to understand the relationship (if any) between 
contract design and railway infrastructure maintenance. To examine 
the relationship, a quantitative study of historical data was considered 
appropriate. 

The third paper corresponds to the third and final research question, 
“How is collaboration supported or hindered within public 
procurement of railway infrastructure maintenance?” This question is 
more explanatory and addresses the level of integration between 
client and contractor within railway infrastructure maintenance. To 
investigate the level of integration, a quantitative study through 
interviews was conducted. 
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3.3 Research Approach 
When considering the research approach, there are three central 
concepts to consider, induction, deduction, and abduction (Saunders 
et al., 2012). The common theme for these concepts is that they view 
how knowledge is created. Induction follows empiricism, meaning 
that knowledge is based on experience, i.e., we observe something to 
generate a theory. Deduction is the opposite of induction, i.e., theories 
precede observations. Abduction is a combination of induction and 
deduction (Yin, 2018). 

Bryman (2008) state that inductive approach is associated with 
qualitative methods, and deductive approach is associated with 
quantitative methods. However, Yin (2018) and Gerring (2007) 
argues that no research can follow without some proposition or 
inference about the phenomenon being studied. As such, qualitative 
or quantitative methods are both valid strategies regardless of the 
approach. Therefore, the research questions should guide the research 
approach (Flyvbjerg, 2006) and the selection of research methods 
(e.g., case study, interviews, experiments) for the study (Yin, 2018). 

As stated in the previous section, two research questions are 
explorative and one explanatory, indicating that this thesis is based on 
deduction (i.e., “how do”) and induction (i.e., “how”). In paper one, 
to understand public procurement of railway infrastructure 
maintenance; a deductive approach was used through a literature 
review. Theories about public procurement of railway maintenance 
were collected to reach a conclusion. In paper two, an inductive 
approach through statistical analysis was used to understand the 
relationship between contract design and railway infrastructure 
maintenance. Theories about contract design and maintenance 
activities were collected to reach a conclusion. In paper three, an 
abductive approach through interviews was used to understand how 
collaboration and integration were used within railway infrastructure 
maintenance. Interviews were conducted to understand how 
collaboration is done and used in practice within railway 
infrastructure maintenance. 
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3.4 Research Design 
This thesis is based on three studies presented in the appended papers. 
The studies correlate with the research questions presented in this 
thesis, focusing on one research question each. 

3.4.1 Study 1 
The purpose of the first study was to explore the research field of 
public procurement of railway infrastructure maintenance to 
understand how procurement strategies relate to railway infrastructure 
maintenance. The study aims at finding success factors and important 
considerations. To best answer this research question, a literature 
review was selected as a strategy.  

A classification sheet was constructed after initial discussions among 
the authors, inspired by Siva et al. (2016). Scopus and Web of 
Science (WoS) were selected as databases. The idea behind the 
selection is because Scopus and WoS contain a large number of 
articles from different fields, allowing the finding of relevant articles 
for the scope of the study. Initially, the search terms were broad (e.g., 
“Procurement AND Infrastructure AND Maintenance”), resulting in 
many articles. Most of these articles were related to road or 
water/sewer maintenance. After discussions, the authors agreed that 
the study should have a narrow scope and only include railway 
infrastructure maintenance. Therefore the search string was refined 
to: 

Maintenance AND (infrastructure OR Subway OR Metro OR 
Tram OR Rail) AND (Procurement OR Contract OR Bidding 

OR Tendering) AND NOT (Sewer OR Water OR Air OR 
Pavement OR Defense OR Military) 

The result was also limited to journals within the field of Engineering, 
business, environmental, decision, Economics, and multidisciplinary. 
The search string and subject limitation resulted in 110 articles for 
further analysis. Out of the 110 articles, 23 were unavailable online 
and were excluded. Although this exclusion is bias and could 
jeopardize the reliability of the study, the authors agreed that it is 
unlikely that the result would differ. 
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In the next phase, the main author examined the abstract of the 
remaining 87 articles. Sixty-eight articles were still out of scope and 
mostly related to road or bridge maintenance, resulting in a total of 21 
relevant articles. After calibration of the classification sheet, the 
articles were distributed among the authors that were instructed with 
identifying additional relevant references. This snowball technique 
resulted in an additional five articles bringing the total reviewed 
articles to 26. After the review process, 17 articles were considered 
relevant for the scope of the study and reviewed according to the 
classification sheet.  

3.4.2 Study 2 
The purpose of the second study is to identify how contract design 
relates to maintenance outcome. 

Procured contracts older than two years were collected to be included 
in this study, resulting in a total of 22 out of 34 contracts. From these 
contracts, information regarding Contractors, Type of contract, 
Length of the contract, Asset description, and Incentive models exists.  
These types of information were in written form and had to be 
studied, collected, and stored in a common database. This database 
was expanded by the addition of historical quantitative data of 
maintenance outcomes, collected from the STA. This data contains 
information such as Number of error reports, Number of inspections, 
Response time, Repair time, and Delays. From the contract number 
and track section number, the quantitative data were connected to the 
contract data. 

A useful tool for finding correlations in historical data is a linear 
regression analysis. If the data material is independent and normally 
distributed, linear regression analysis is appropriate to use. Linear 
regression analysis models regressors (𝑋𝑋𝑖𝑖) on a response (𝑌𝑌) (see, 
e.g., Montgomery, Peck, & Vining, 2013). In this case, the selection 
of the response should be made to describe the effect of maintenance 
outcome. Several factors are affected by the contractors’ capabilities 
to perform maintenance. The railway assets also have a natural 
degradation, due to climate, traffic intensity, or age. The occurrences 
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of errors become difficult to evaluate if they occur due to lack of 
maintenance, or because of the natural degradation of railway assets.  
From discussions with experts, the contractors need to follow strict 
regulations when performing maintenance and that the contractors 
mainly affect logistical solutions, i.e., how to get to and organize on-
site. Other researchers also describe this phenomenon regarding 
logistical solutions (see, e.g., Espling & Olsson, 2004; Holmgren, 
2005; Lingegård & Lindahl, 2015). An appropriate response for this 
situation that is affected by a few external factors is Response time to 
fault (i.e., the time it takes between when the fault was reported and 
when the contractor reaches the fault). 

However, when considering the Response time as a response to the 
linear regression analysis, there are a few prerequisites that need to be 
mentioned. Firstly, the contractors’ Response time is regulated in the 
contract, and a fine is handed out if the response time is too long. The 
contractor may have taken precautions to reduce the response time to 
avoid being penalized. However, this study is interested in the 
contractual relationship, which includes the fine connected to the 
response time. Secondly, the Response time is expected to be higher 
on a track section that is longer. To adjust the data according to these 
phenomena, the Response time is divided by the track length. 

An important step in any quantitative analysis is data cleansing. The 
first step was to exclude clear errors in the data, negative time, or 
repair time of over several years. To systematically evaluate these 
types of errors in the data, the corrective maintenance time was 
considered. Corrective maintenance times that were under one minute 
or over one day (𝑡𝑡 < 1 𝑚𝑚𝑚𝑚𝑚𝑚 and 𝑡𝑡 > 1441 𝑚𝑚𝑚𝑚𝑚𝑚) were removed. 
Thirteen percent of the data was removed with this data cleansing 
limitation. The second step was to separate the data according to the 
different asset types. Repair time for a contact wire is considerably 
higher than the Repair time of a switch. When analyzing the different 
railway assets, the linear regression analysis focused on the three 
most common asset types; track; level crossing and; switches and 
crossings (S&C). 
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After an initial residual analysis, the response variable was not 
normally distributed. The variable was therefore transformed by a 
logarithmic transformation resulting in a residual analysis that was 
more like a normal distribution. The selected regression model was 
constructed by stepwise backward elimination, i.e., the model starts 
with all variables and excludes the variables (one at a time) that have 
a significance level higher than the recommended limit of 10 % for 
backward elimination (Montgomery et al., 2013). Backward 
elimination is, in most cases, a proper variable selection technique 
since it starts with all variables; it makes sure nothing obvious is 
missed (ibid.). 

3.4.3 Study 3 
The literature review indicated that partnering should be considered 
useful in outsourced railway maintenance. The next step was to 
examine if practitioners share this theoretical notion. Hence, the 
purpose of the third study is to explore how collaboration is supported 
or hindered within public procurement of railway infrastructure 
maintenance. From study 2, the researchers gained insights into 22 
out of 34 different railway maintenance contracts. Three contracts 
were selected for in-depth, semi-structured interviews. After a 
discussion with experts, it was clear that there is a difference in 
climate between north and south contracts that affect the planning of 
maintenance activities. To understand the planning differences, the 
three selected contracts were geographically distributed. Also, the 
time of the procurement was important to consider, since new 
contracts cannot provide detailed historical information about how the 
contract was carried out. The selected contract was procured during 
the same period in time and was in the late stages of the contract. 

The three cases were named after the geographical spread: North, 
Mid, and South. Contract North was procured in 2010, Mid in 2013 
and South in 2010. Contracts North and South were procured at the 
same time and contained a similar amount of traffic. However, Mid 
was procured at a later time where the STA had incorporated 
partnering models into the contract itself. Also, contract Mid has a 
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more substantial amount of traffic than contract North and South. 
Since the interviews were interested in the public procurement and 
contract design of railway infrastructure maintenance, there was no 
indication that contract Mid was misrepresentative. However, these 
contractual prerequisites have to be taken into account when 
analyzing the data and differences should indicate contractual 
differences. 

When selecting respondents for the semi-structured interviews, both 
the client (STA) and contractors need to be represented in the data 
collection to gain a holistic perspective. Through discussions with 
between ourselves and experts, different roles from the organizations 
were selected to provide an accurate description of the procurement 
and contract design. The roles include project managers, managers, 
economists, and supervisors.  

Each interview lasted between one and two hours. The time is 
considered appropriate for a semi-structured interview to give 
respondents enough time to understand the question, reflect, and 
argue for their response (Yin, 2018). Since the researchers have 
conducted a literature review before this study, the primary purpose 
of the interviews was to corroborate the findings of the literature 
review. Therefore, semi-structured interviews were selected to have 
an open-ended question still, but sticking to a set of predetermined 
questions to support the analysis. A total of eleven interviews were 
conducted, and every interview was recorded except for three. Two 
interviews could not be recorded due to technical issues, and during 
one interview, the respondent declined to be recorded. Careful notes 
were taken during all the interviews and compiled afterward. 

When the interviews were completed, we began discussions about the 
analysis of the data. The initial idea was that the literature review 
could provide a framework too systematically structure the interview 
data. However, as the literature review only provided a limited 
amount of articles, we looked outside the scope of the literature 
review. As previously mentioned, partnering was considered useful in 
railway infrastructure maintenance. Another consideration by Olsson 
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and Espling (2004) was that the general guidelines for partnering in 
maintenance are similar to those in construction management. 
Therefore we selected Eriksson’s (2015) framework for partnering 
towards innovation as an analysis tool. Based on the framework, we 
discussed and classified the interview data. 

3.5 Research Quality 
Validity and reliability constitute two critical aspects of any 
conducted research (Yin, 2018). Validity is itself divided into three 
concepts, internal, external, and construct validity (Gibbert, Ruigrok, 
& Wicki, 2008). Validity, in general, describes how well the data 
collection was constructed and conducted. External validity can be 
described as generalizability, i.e., can the research be applied to 
similar areas. Internal validity handles the causal relationship between 
the variables and result, i.e., is the conclusion logically derived from 
the data. Construct validity investigates if the study investigates what 
is claims to investigate, i.e., do we observe the phenomenon 
accurately.  Reliability describes if the research result is consistent 
over time, i.e., if the result would be the same if the research were 
repeated (Saunders et al., 2012). 

Concerning the validity of this study, the research is divided into 
three methods, literature review, statistical analysis, and interviews. 
In the literature review, careful consideration was given to the 
classification sheet. After inspiration by Siva et al. (2016), a 
consensus regarding the classification sheet was reached by all co-
authors after reviewing five articles. Also, the validity was improved 
after a snowballing technique was used then reading the articles. In 
the statistical analysis, data cleansing and selection of variables were 
given much consideration to increase internal and external validity of 
the second study. Data cleansing was consulted with external 
specialists to find appropriate considerations. One such data cleansing 
was negative repair times in the data, which was removed. The 
selection of variables was made to fit the contract areas in Sweden 
and increase the generalizability of the second study. However, since 
the data is specific to Swedish railway maintenance, the result has to 
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be considered carefully beyond this scope. Finally, in the interview 
study, care was given to construct validity. An interview guide was 
created to ensure that the same questions and topics were discussed in 
all interviews. 

Regarding the reliability of this thesis, many of the considerations of 
validity described above can also be applicable for reliability. This 
thesis describes the methods of the studies in order to be transparent 
and open. Documentation regarding all studies was conducted and 
organized carefully. The appended papers were submitted for peer-
review and presented at conferences to increase the validity and 
reliability of the result.  
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4 Summary of the studies 
This chapter presents an extended abstract of the appended 
papers. The individual papers are found in full length as 
appendices to this thesis. 

4.1 Study 1 
Paper 1 - Public procurement of railway infrastructure 
maintenance: a literature review.  

Aldenlöv, J., Bergquist, B., Eriksson, P. E., Söderholm, P. & 
Karrbom Gustavsson, T. (2017). Public procurement of railway 
infrastructure maintenance: a literature review. Proceedings of the 9th 
Nordic Conference on Construction Economics and Organizations, 
Gothenburg. 

To gain an understanding of the different concepts and theories 
written about public procurement of railway infrastructure 
maintenance, a literature review was an appropriate approach. 
Initially, the scope and search string were broad, and the searches 
generated many articles. However, after reading the abstracts, these 
articles contained mostly road or bridge maintenance. The researchers 
discussed and agreed that the scope of the study should be narrow and 
only include rail maintenance. After that, the search string was 
refined, and a new search was conducted. The final number of articles 
after the review process was 17. Due to the small number of articles, 
the main conclusion of the literature review is that the subject of 
public procurement of railway infrastructure maintenance is 
unexplored. 

From the classification sheet, there were four identified areas; 
partnering; contract incentives; financing and; management practices. 
The researchers were instructed to rank the articles according to how 
well they fit the scope of the study. Therefore, it was possible to rank 
the four identified areas. The top two of the areas was partnering and 
contract incentives. Partnering in railway maintenance has similarities 
to the concepts presented from different fields (e.g., Eriksson, P. E., 
2015; Koolwijk et al., 2018; Leuschner et al., 2013) since they use the 



SUMMARY OF THE STUDIES 

37 
 

same source for their partnering ideas (Barlow et al., 1997). Espling 
and Olsson (2004, p. 249) define partnering as “Partnering is a 
managerial approach used by two or more organizations to achieve 
specific business objectives by maximizing the effectiveness of each 
participant’s resources.” From this definition, Olsson and Espling 
(2004, p. 245) define four key factors for partnering in railway 
maintenance; the requirements for partnering; the partnering process; 
success elements and measurements. The requirements for partnering 
and the partnering process are described similarly as Eriksson’s 
(2015) strength of integration, the use of partnering activities, and the 
integration of common goals and strategies. However, success 
elements and measurements are different from other partnering 
descriptions. Since the railway is pre-build, a key factor is to use the 
tacit knowledge from the maintenance personnel to describe the 
railway asset condition (Olsson & Espling, 2004). 

The other ranked area was incentives design. Borg and Lind (2014) 
describe that incentive design (or bonus and fine systems) is, in 
essence, risk management. If the contractors only receive payment at 
a fixed cost, then the contractor also holds all the risk for the working 
activities, since any delays or changes are not compensated. If the 
contractor receives payment according to the actual costs, then the 
client holds all the risk. Borg and Lind (2014) argue that there needs 
to be a balance between these two types of payment in order to 
contain the risk inside a contract. Without a balance, there is an 
increased risk of moral hazard from the contractor. To regulate this 
risk management, incentives (bonus and fine system) can be helpful. 
However, before any incentives can be designed there is a need for 
accurate asset knowledge (Rahman & Chattopadhyay, 2010); 
otherwise, there is a risk of either sub-optimization or contractors 
only going for the bonuses (Borg & Lind, 2014). When accurate asset 
knowledge exists, the incentives can be designed to create a win-win 
situation (Tarakci et al., 2006). This emphasis on asset knowledge 
from the incentives design area correlates to the findings from 
partnering and the ideas found in Olsson and Espling (2004). 
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4.1.1 Authors contribution to Study 1 
The ideas for paper 1 came from all authors. The classification sheet 
was adapted from Siva et al. (2016) by Tina Karrbom Gustavsson and 
Per Erik Eriksson. Jens Aldenlöv defined the search string and 
examined the abstracts of the 87 articles that were available. The 
classification sheet was then discussed and refined by all authors. 
Jens Aldenlöv distributed the articles to the co-authors and created 
one combined classification of all evaluated articles. Jens Aldenlöv 
wrote the paper with contributions by all co-authors. 

4.2 Study 2 
Paper 2 - Public Procurement of Railway Infrastructure 
Maintenance: A Linear Regression Analysis 

Aldenlöv, J. (2019). Public Procurement of Railway Infrastructure 
Maintenance: A Linear Regression Analysis. Proceedings of the 26th 
EurOMA conference, Helsinki. 

From the data collected from 22 contracts in Sweden, this study 
explored the relationship between contract design and maintenance 
outcomes. After data collection, the researchers agreed that linear 
regression analysis was a suitable tool to examine this relationship. A 
Pareto chart of all 64 asset types in Sweden was constructed 
according to the error reports they produced, Figure 3. Based on the 
Pareto chart, three separate linear regression analyses were conducted 
on three significant infrastructure assets; rail; Switches and Crossings 
(S&C) and level crossing. The three separate analyzes, with Response 
time divided by track length as a response, all found four mutual 
variables that had a significant correlation; Number of operating 
places; Number of safety inspections; Contract area and Track 
classification. Number of operating places represents sites on the 
railway tracks where the contractor can reach the rail (e.g., train 
station). Number of safety inspections is the total amount of safety 
inspections carried out by the contractor. Contract area represents a 
collection of track sections that have the same contract number. Track 
classification represents the classification of the track done by the 
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STA according to the traffic intensity (type 1 has the highest amount 
of traffic, and type 5 has the lowest amount of traffic). 

 
Figure 3 - Pareto chart displaying the total amount of error reports divided into the 64 

different asset types 

Contract area and Track classification were expected to have a 
significant correlation with the response. Contact area represents 
differences in geography and contract design, affecting the response 
time. Track classification is connected to the fine that contractors 
receive if they take too long to reach the fault that has occurred. 
However, Number of operating places and Number of safety 
inspections were not expected to be significant. One of the 
prerequisites through discussions with experts was that since there are 
many regulations, the contractors can mainly affect logistical 
solutions. Therefore, Number of operating places is connected to 
logistical solutions and helps the contractor to reach sites where faults 
occur and to organize the repair. 

Number of safety inspections was negatively correlated with the 
response, meaning that more inspections lead to shorter response 
time. Safety inspections (compared with maintenance inspections) are 
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more detailed and follow a strict checklist and are focused on 
detecting errors that could jeopardize safety. One possible reason for 
the correlation between the Response time and Number of safety 
inspections could be that the technicians performing the safety 
inspection learn more about the asset condition on the railway track 
throughout the five-year contract. As a result, technicians understand 
the track better with an increased number of inspections and have to 
spend less time searching for errors, thus reducing the response time.  

4.2.1 Authors contribution to Study 2 
The idea for paper 2 came from Bjarne Bergquist, Peter Söderholm, 
and Jens Aldenlöv. Jens Aldenlöv and Peter Söderholm collected the 
data from the STA and the consulting firm Prifloat AB. Jens Aldenlöv 
combined the contract data and the qualitative data into one single 
database. Bjarne Bergquist and Peter Söderholm commented 
throughout the analysis. Jens Aldenlöv wrote the paper with 
comments from the supervisors. 

4.3 Study 3 
Paper 3 - Procurement of Railway Maintenance: Collaboration 
for Innovation 

Karrbom Gustavsson, T., Aldenlöv, J. & Eriksson, P. E. (2018). 
Procurement of Railway Maintenance: Collaboration for Innovation. 
Proceedings of the 34th ARCOM conference, Belfast. 

Interviews from three cases were conducted to understand how 
collaboration is supported or hindered within railway infrastructure 
maintenance. To structure the data material, the researchers used a 
framework for supply chain integration, developed by Eriksson 
(2015). The framework describes four dimensions: strength, scope, 
duration, and depth of integration. 

The duration dimension is dependent on how long the partners will 
collaborate and jointly utilize integrative activities and technologies, 
for example, integration across sub-sequent projects or project stages. 
The scope dimension involves the nature and number of companies 
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involved in the integrated supply chain. That is, which organizations 
that will jointly perform the integrative activities and technologies, 
for example, clients, contractors, and consultants. The strength 
dimension measures the degree of integration, which is dependent on 
the extent to which integrative activities and technologies are utilized, 
for example, collaborative procurement and contracting related 
procedures, teambuilding activities, and a joint project office. Finally, 
the depth dimension is dependent on the integration of different types 
of professionals at different hierarchal levels within each partner 
organization. Due to the interdependences and interaction effects 
among different SCI dimensions, it is important to manage all four 
dimensions simultaneously and systematically and not one by one in 
isolation. Integrative activities and technologies (strength) must thus 
be implemented together with the right companies (scope), at the 
right time (duration), and with the right people involved in the 
companies (depth). 

The framework by Eriksson (2015) is developed from the 
construction industry. However, the framework does help with 
organizing the empirical data and has been developed and discussed 
in the more research-heavy field of construction management (e.g., 
Eriksson, P. E., 2015; Koolwijk et al., 2018; Leuschner et al., 2013; 
Van der Vaart & Van Donk, 2008). The result from the study 
indicates that length and strength are the two most important 
dimensions for railway infrastructure maintenance, while depth and 
scope are less developed. 

The scope dimension state that sub-contractors need to be involved in 
the partnering activities within the construction industry (Eriksson, P. 
E., 2015; Kulatunga, Kulatunga, Amaratunga, & Haigh, 2011). 
However, neither the client nor the contractor state that they believe 
any sub-contractor needs to be involved in any partnering activity. 
Sub-contractors are described as additional personnel and only do 
simple tasks. The scope dimension is, therefore, less important within 
railway infrastructure maintenance. However, since the framework by 
Eriksson (2015) is developed from construction management, the 
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importance of sub-contractors within maintenance could be 
misinterpreted by the model. Perhaps the relationship to sub-
contractors can be reduced without jeopardizing the possibilities for 
innovation. However, more research is needed to understand sub-
contractor involvement. 

The depth dimension is perceived by the researchers, as problematic 
within railway infrastructure maintenance. During construction 
meetings, there are representatives from both the client and 
contractors that have different professions. However, there is 
numerically more representative of the contractor than from the 
client. The numerical advantage was raised as a concern from some of 
the respondents, especially during negotiations and contractual 
discussions. Also, there is little or no collaboration between those 
who manage the procurement and those who manage the contract. 
The strength dimension is more developed than the two previously 
discussed dimensions. At the beginning of the contracts, the client 
hires a consultant to organize a workshop to discuss the upcoming 
contract. During the workshop, shared goals and aims for the 
contracts is discussed and defined jointly. However, after some time, 
the consultant’s time expires, and the client and contractor need to 
follow-up the goals and aims on their own. However, the perception 
from both client and contractor is that there is no ownership behind 
these goals. Ingemansson Havenvid et al. (2016) argue that the client 
should have the responsibility to drive partnering and collaboration. 
However, there is strong informal collaboration between the client 
and contractor since they have worked together for many years (in 
most contracts). This informal collaboration needs to be supported by 
formal partnering activities for successful partnering (Koolwijk et al., 
2018). 

The length dimension from Eriksson (2015) contains the length of the 
current and parallel contracts. In the case of railway infrastructure 
maintenance in Sweden, the length is five years plus two option 
years. However, as discussed in the strength dimension, there is a 
strong informal collaboration since the client and contractor have, the 
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two of the cases, been the same the previous three contract periods. 
The personnel last longer than the contract, emphasizing the 
importance of formal and structured partnering activities since it 
creates trust. In most cases where the contractors change, the 
personnel stay with the track. The leaving contractor contacts the new 
contractor to make arrangements for the personnel to stay, causing the 
tacit knowledge to stay with the track, that the contractor stated that 
they value. Such strength in informal relationships and tacit 
knowledge is important to nurture by a client (Koolwijk et al., 2018). 

In Table 1, the result from the four dimensions is summarized and 
presented. 

4.3.1 Authors contribution to Study 3 
The idea for paper 3 came from Tina Karrbom Gustavsson by using 
Per Erik Eriksson’s model (see Eriksson, P. E., 2015) to structure the 
empirical material. Jens Aldenlöv was present during all eleven 
interviews; Tina Karrbom Gustavsson was present during five, and 
Per Erik Eriksson was present during one. Tina Karrbom Gustavsson 
and Jens Aldenlöv analyzed the data with input from Per Erik 
Eriksson. Tina Karrbom Gustavsson wrote the paper with 
contributions by all co-authors. 
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Table 1 - Mapping of the four dimensions from Eriksson (2015) in the three contracts 

Contract Case 1: 2011-2017 Case 2: 2013- 2019 Case 3: 2011-2018 

Contract 
type 

DB-contract with 
functional 
requirements. 

DB-contract with 
functional 
requirements. 
Partnering 

DB-contract with 
functional 
requirements. 
Partnering 

Complexity High organizational 
complexity (Joint 
Venture).  

High operational 
complexity (high 
traffic intensity on 
track). 

High technical 
complexity (old 
infrastructure). 

Duration Contract: 5+1+1 
years. Relations: 
New contractor, 
mostly same key 
personnel. 

Contract: 5+1+1 
years. Relations: 
Same contractor for 
several succeeding 
contracts. Mostly 
same key personnel. 

Contract: 5+1+1 
years. Relations: 
Same contractor for 
several succeeding 
contracts. Mostly 
same key personnel. 

Scope Client and 
contractor(s).  

Client and contractor. Client and contractor. 

Strength Construction 
meetings every 
month. Initial 
inspection before 
taking over. 
Incentive model for 
decreasing train 
delays.  

 

Construction 
meetings every 
month. Informal 
communication via 
phone. Initial 
inspection before 
taking over. Initially 
an external 
partnering facilitator, 
partnering targets and 
workshop.   

Construction 
meetings every 
month. Informal 
communication via 
phone. Initial 
inspection before 
taking over. Initially 
an external 
partnering facilitator, 
partnering targets and 
workshop. Safety 
rounds with client, 
contractor, operator.  

Depth 

 

During operation: 
Project manager. 
Site manager, 
supervisors and 
technicians.  

During operation: 
Project manager and 
project engineer.         
Site manager, 
supervisors and 
technicians. .  

During operation: 
Project manager and 
project engineer.         
Site manager, 
supervisors and 
technicians.  
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5 Discussion 
This chapter contains a discussion regarding the methods 
and findings of this thesis and the appended papers. Some 
reflections regarding the results are also presented. 

This thesis consists of three papers contributing to the overall purpose 
of contribute to the knowledge of public procurement of railway 
infrastructure maintenance. The discussion is structured according to 
the three research questions presented in the beginning of this thesis. 

5.1 RQ 1 
The first research question aimed at finding success factors and 
important considerations for railway infrastructure maintenance. A 
literature review was conducted to find scientific and peer-reviewed 
articles systematically. A classification sheet was constructed, and a 
consensus regarding the scope of the study was agreed upon. The 
classification sheet considered the method, procurement strategies, 
contract scope, type of maintenance, type of infrastructure, 
performance indicators, and level of analysis of the reviewed articles. 
As stated, the scope of the study was only to include railway 
maintenance (excluding, e.g., road maintenance). 

The result indicates that the area of railway infrastructure 
maintenance has received little attention from researchers. This result 
is due to the low amount of articles (17) found within the scope, 
despite using Scopus and Web of Science as databases. Therefore, the 
factors and consideration found within the reviewed articles must be 
considered carefully. Since the articles were classified on their 
relevance, there is a risk of over-dependence of only a few articles. 
To increase the validity of the study, there is a need to corroborate the 
findings with other research fields. With that in mind, the findings 
from the literature review indicate that partnering and incentives 
design through asset knowledge are two important concepts to 
consider since most articles within the scope mention these concepts. 
Partnering in railway maintenance has similarities with partnering in 
construction management. Key factors such as, e.g., trust, clear 
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objectives, knowledge transfer, formalized partnering process, are 
considered in both railway maintenance and supply chain integration. 
The differences can be explained as due to the question of 
infrastructure. In maintenance, the infrastructure is pre-build, whereas 
the infrastructure in construction is going to be built. As such, 
partnering in maintenance is dependent on measurements and 
accuracy of asset knowledge. With accurate asset knowledge, 
economic incentives can be better designed to motivate innovation 
and improve track quality. 

However, since the number of articles is few, more can be understood 
regarding the motivation of innovation. Accurate asset knowledge is 
mentioned in several of the papers, indicating its importance. 
However, motivating innovation has to be done through more than 
just economic incentives. There needs to be a system in place to 
distribute knowledge across the supply chain (Kim et al., 2012; 
Steiber & Alänge, 2013). This system needs to be supported by both 
formal and informal activities (Koolwijk et al., 2018). However, to 
achieve a sustainable level of knowledge transfer, there needs to be a 
high level of trust (Leuschner et al., 2013; Yu et al., 2013) that can 
support quality improvements (El Ouardighi, 2014). This level of 
trust is mentioned by Olsson and Espling (2004) as a first important 
step towards knowledge transfer and should be seen as a central 
aspect of railway infrastructure maintenance.  
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5.2 RQ 2 
The second research question explored if (and how) contract design 
relates to the outcome of railway infrastructure maintenance. 
Statistical analysis with maintenance and contract data was used to 
understand the contract design. Since the maintenance and contract 
data was historical, linear regression analysis was considered as an 
appropriate approach. Procured contractors within railway 
maintenance in Sweden are described only to follow specifications 
due to many regulations and specifications provided by the STA. As 
such, contractors are expected only to be able to affect logistical 
solutions, i.e., how to get on-site and how to organize on-site. 
Therefore, Response time was considered as an appropriate response 
to the model in the linear regression analysis. However, to be able to 
compare the response time between the contracts, the response time 
was divided by the track length. 

The findings indicate that Response time had a significant correlation 
with Contract area, Track classification, Number of operation places, 
and Number of safety inspections. One possible reason that Contract 
area and Track classification was expected to be significant can be 
differences in contract design and geography. Since neither contractor 
nor districts were significant, this result indicates that there are more 
significant differences between contract areas than between 
contractors. The STA has reorganized the management structure by 
standardizing the contracts (TRV, 2012; TRV, 2017). Hence, this 
result indicates that the contracts in Swedish railway maintenance 
need less standardization, not more. 

Number of operation places represents places where a train dispatcher 
can control and monitor switches and crossings. The longer the track 
is, the more operation places are expected to be present. However, the 
response was divided by track length to increase comparability 
between track sections, providing more equality to the Number of 
operation places. As such, the result indicates one of our 
prerequisites; contractors can only affect logistical solutions. An 
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operating place can assist the contractor with the accessibility of the 
track, reaching faults, and organizing the maintenance. 

Since both Number of operation places and Contract area were 
significant, it further motivates that standardization may not be the 
best solution for railway maintenance contracts in Sweden. Both 
geography and climate are different between contact areas, and when 
accessibility is simultaneously affecting the response time, the fines 
connected to the response time may be unreasonable. For example, if 
two contractors are expected to have the same response time (by 
standardized contract design) but have different numbers of operating 
places (i.e., accessibility) and different geography, then the contractor 
with less accessibility will have a longer response time in practice. As 
such, a contractor with less accessibility might receive more fines. 
However, if contracts were to become less standardized by 
accounting for the unique aspects within each contract area, the fines 
could be set more appropriately. One way to do so is by involving 
contractors in discussion during the tendering process, something that 
has provided positive results through, e.g., benchmarking data, 
sharing past experiences, and creating a common language (see, e.g., 
Hastie et al., 2017; Meehan & Bryde, 2011). Another solution to 
contractor involvement is through what Sitkin et al. (1994) calls TQC 
and TQL, the exploitation of existing skills and exploration of new 
skills. Public clients need to establish routines for learning and 
knowledge sharing (Kim et al., 2012). 

The STA provides many regulations and specifications to their 
contractors and is updated regularly during the contract. These can be 
seen as a standard on how to execute maintenance activities. There is 
a risk for a shift towards exploitation of existing knowledge, 
hindering exploration of new knowledge. In other words, many 
regulations and specifications only sustain industry norms and 
traditions rather than drive innovation and development. Since the 
STA has an instruction from the government to increase innovation 
(TRV, 2017) the amount of regulation and specification might not be 
the best way to drive innovation. Benner and Tushman (2015) suggest 
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shifting innovation from in-house to the community. The client-
contractor relationship within Swedish railway infrastructure 
maintenance indicates that the contractor should be consulted and 
involved in the updates of the regulation and specifications. Doing so 
is the first step towards organizational learning (Kim et al., 2012; 
Steiber & Alänge, 2013) and knowledge sharing (Chuang et al., 2013; 
Marra et al., 2012; Pérez-Salazar et al., 2017). 

Number of safety inspections had a negative correlation with the 
response, i.e., more safety inspections result in shorter response time. 
One possible reason behind this correlation could be because 
contractors perform repair during the safety inspection, with a 
response time of zero. However, there was no significant correlation 
between Number of maintenance inspections and Response time. 
Since the same condition (repair during inspection) can be said for 
maintenance inspection, there must be something else to explain the 
correlation. Safety inspections follow a detailed and strict guideline 
with safety in focus, maintenance inspection; however, examine 
maintenance needs in the future and are less detailed. This detailed 
characteristic of safety inspection could provide a basis for increasing 
asset knowledge. With more safety inspections, the contractor gains 
more asset knowledge and can better predict future faults in the 
railway network.  

Olson and Espling (2004) describe asset knowledge to be a key factor 
in partnering for railway infrastructure maintenance. The first step in 
a partnering process is to create trust among the actors (Koolwijk et 
al., 2018; Leuschner et al., 2013; Olsson & Espling, 2004). However, 
in railway infrastructure maintenance contracts in Sweden, a high 
level of trust is described to be already present. Therefore, the 
missing factor is to support the sharing of asset knowledge through 
formal and informal activities. The contractor and client need to 
integrate the tacit knowledge into the planning and operation 
activities (Koolwijk et al., 2018; Olsson & Espling, 2004).  
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5.3 RQ 3 
The third research question addressed how cooperation is supported 
or hindered within railway infrastructure maintenance. An interview 
study through semi-structured interviews was used to examine this 
condition. An interview guide was constructed with insights gained 
from the literature review. To analyze the interviews, Eriksson’s 
(2015) model for partnering was used. Although the model was 
derived from construction management, the general partnering 
recommendation is similar to the partnering framework for railway 
maintenance by Olsson and Espling (2004), as both use the same 
basis (see Barlow et al., 1997). While there needs to be some 
adaptation to the maintenance context, the four dimensions by 
Eriksson (2015) was still considered appropriate for the analysis. The 
result indicates that duration and strength are most developed in the 
studied contracts, while scope and depth are less developed. 

The scope dimension explains that sub-contractors need to be 
involved in some collaboration within construction management. 
During the interviews, neither client nor contractor thought that any 
sub-contractor needed to be involved in any partnering activities since 
the sub-contractors are seen as just resources. So while Eriksson’s 
(2015) model would argue that the scope dimension is less developed, 
it may not be the case from a maintenance perspective. Perhaps there 
is no need for sub-contractors to be involved in any partnering 
activities. As the respondents explained, the sub-contractors are few 
and only do a few assignments during the contract, indicating that any 
maintenance activity a sub-contractor does is negligible from a 
broader perspective. 

The depth dimension explains the integration of different types of 
professionals at different hierarchal levels within each partner 
organization. At first glance, the dimension was considered more 
developed since relevant professionals from both the client and 
contractor were present during collaboration. However, historically, 
there was a perceived imbalance between client and contractor. The 
contractor had several representatives during collaboration while the 
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client only had a few (in most cases, just one). This imbalance has 
reduced over time since the client (i.e., the STA) has created more 
roles to be present during the collaboration. So while the imbalance 
has reduced between the client and contractor, there is a lack of 
collaboration between the purchaser and project manager within the 
client’s organization. This lack of collaboration is especially 
noticeable during new procurements, as experience and knowledge 
for existing contracts are not utilized. The lack of knowledge transfer, 
in turn, crates hinders for development and innovation of maintenance 
activities. 

The strength dimension explains the degree of integration, i.e., use of 
technology and partnering activities. A few months before the start of 
a contract, the client hires a consultant for a “start-up workshop.” 
During the workshop, the client and contractor discuss and ultimately 
agree on common objectives, something is seen as beneficial in the 
partnering framework by Olsson and Espling (2004) and were to be 
discussed during the contract. However, when the consultant’s time 
had ended, so did any follow-up and discussion regarding the 
common objectives. When asked why this was, neither client nor 
contractor considered the workshops as beneficial nor that there were 
any responsibilities or economic incentives tied to the common 
objectives. Ingemansson Havenvid et al. (2016) explained that since 
the client designs the requirements of the contract; they must also 
have the responsibility to drive collaboration. The STA (i.e., the 
client) initiates the workshops to motivate collaboration. Since they 
do not take ownership of the result from the workshops, any usage of 
the workshop to motivate collaboration is likely to be lacking. 
However, the respondents explained that they still perceived a 
functional collaboration. When further asked, it was explained that 
both the client and contractor knew each other well, since they have 
worked together in previous contracts in the same contract area. This 
informal and long-term relationship needs to be respected when 
performing start-up activities (see, e.g., Koolwijk et al., 2018). Today, 
the STA treats every new contract similar, expecting no previous 
relationship between the client and contractor, and could be a reason 
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why the respondents perceive the workshops as irrelevant; they 
already know and trust each other. 

Finally, the length dimension explains the duration of the 
collaboration, primarily by contract length. In railway maintenance 
contracts in Sweden, the length of a contract is five years plus two 
option years. As previously explained, however, there are several 
cases where the same contractor has had the same contract during 
several procurements. Over time (and over several contracts) this 
creates trust between the client and contractor. During the interview, 
both the client and contractor explained that they value asset 
knowledge. So when a new contractor has won the upcoming 
contract, the old and new contractor contacts each other to move 
personnel, primarily technicians. The motivation is that most 
technicians have bought houses and have families inside the contract 
area. As such, the tacit asset knowledge stays with the track, 
regardless of the contractor. 

In summary, asset knowledge is a key factor for successful railway 
infrastructure maintenance. With accurate asset knowledge, contract 
incentives can be designed to create a win-win situation (Olsson & 
Espling, 2004). Maintenance technicians today have tacit knowledge 
about the asset condition that improves the outcome of railway 
maintenance. However, there is a disconnection between the contract 
design process and expert knowledge. For organizations to learn and 
develop there is a need for leadership to create a culture for feedback 
(Kim et al., 2012; Steiber & Alänge, 2013) and knowledge 
management (Pérez-Salazar et al., 2017). Without feedback from 
experts back to the contract design, traditional ways of working are 
only supported, hindering innovation capabilities for organizations 
(Benner & Tushman, 2015; Cole & Masumiya, 2007; Fundin et al., 
2019). Clients need to drive the innovation progress (Ingemansson 
Havenvid et al., 2016), by having accurate asset knowledge and 
utilize the existing tacit knowledge through knowledge management 
(Koolwijk et al., 2018; Olsson & Espling, 2004). 
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Eriksson (2015) developed his partnering framework from studies in 
construction management, not maintenance management. As such, 
there could exist some misinterpretations for maintenance regarding 
the importance of the dimensions, scope, depth, strength, and length. 
Olsson and Espling (2004) developed their partnering framework 
from railway maintenance. The general recommendations were that 
the foundation for partnering is the same for construction 
management and maintenance management.  

There are three differences between the findings in this thesis and the 
framework by Eriksson (2015). Firstly, sub-contractors are essential 
in the scope dimension but are explained as less critical in railway 
maintenance management. Secondly, partnering activities in the 
strength dimension need an understanding of relational integration 
(see, e.g., Leuschner et al., 2013), i.e., collaboration over time. When 
the same client and contractor have been involved in projects for over 
ten years, there is less need for team-building exercises since they 
already know each other. Finally, tacit knowledge seems to be 
transferred over time between contracts and contractors, indicating 
that the development of long-term relationships, in the depth 
dimension, should be centralized around the sharing of asset 
knowledge. 
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6 Conclusions 
In this chapter, the conclusions are presented in relation to 
the research purpose and the research questions. This 
chapter ends with discussions of areas for further research. 

The purpose of this thesis was to contribute to the knowledge of 
public procurement of railway infrastructure maintenance. Based on 
this purpose, three research questions were developed. 

RQ 1. How do public procurement strategies affect railway 
infrastructure maintenance? 

RQ 2. What is the relationship between contract design and the 
outcome of Swedish railway infrastructure 
maintenance? 

RQ 3. How is cooperation supported or hindered within public 
procurement of Swedish railway infrastructure 
maintenance?  

6.1 Practical Implications 
The STA stated in their report (TRV, 2017) that since the last 
contracts were outsourced in 2014, it is only until these last contracts 
are procured again in 2019-2020 that evaluation and comparison are 
possible. However, that is only one part of a bigger picture. Previous 
studies by both the government (e.g., Näringsdepartementet, 2015a; 
Näringsdepartementet, 2015b) and researchers (e.g., Andersson & 
Hultén, 2016; Forsgren et al., 2013; Lingegård & Lindahl, 2015; 
Olsson & Espling, 2004) indicate problems with the management of 
railway infrastructure maintenance. 

Lingegård and Lindahl (2015) indicated that due to the staggering 
amount of regulation and instructions, the STA only procure 
contractors that follow specifications. The result from the interview 
study in paper 3 corroborates with the findings of Lingegård and 
Lindahl (2015), specifically that the contract form has little to no 
impact due to the high amount of regulation and instructions. These 
regulations and instructions are updated regularly during the contract 
by the STA. However, the research presented in this thesis indicates 
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that the contractors mostly possess asset knowledge. The STA lacks 
accurate asset knowledge to correctly asses the need for maintenance. 
This finding corroborates the conclusions by Näringsdepartementet 
(2015a) as well as Andersson and Hultén (2016). Therefore, there is a 
high amount of tacit knowledge within Swedish railway infrastructure 
maintenance. The STA as clients should initiate partnering with the 
idea to increase knowledge transfer (Olsson & Espling, 2004) to 
support quality improvements (El Ouardighi, 2014; Pérez-Salazar et 
al., 2017). 

Long-term relationships often characterize the client-contractor 
relationship within Swedish railway infrastructure maintenance, 
either by the procurement of the same contractor each iteration or by 
the transfer of personnel between the old and new contractor. When 
such long-term relationships exist, there is a risk of uncertainty 
avoidance, i.e., treating differences and changes as dangerous 
(Lagrosen, 2003, p. 477), without long-term focus and strategic 
management (Koolwijk et al., 2018). The STA has in previous 
contracts tried partnering, where a consultant was hired to hold a 
start-up workshop to define common goals. However, as the 
consultant’s time ran out, these common goals were forgotten, and 
“business as usual” was resumed. To nurture the strong long-term 
orientation of both the railway network and collaboration, the STA as 
clients and owners of the railway track should initiate and support the 
informal relationship with formal collaboration. 

Hence, this thesis concludes that the Swedish railway infrastructure 
maintenance is characterized by long-term relationships and trust, 
governed by a high degree of rules and regulations. The STA has less 
perceived ability to assess the maintenance needs due to a low 
amount of asset knowledge (Andersson & Hultén, 2016; 
Näringsdepartementet, 2015a). Therefore, there is a need for a formal 
partnering approach to support the long-term relationship centralized 
around the distribution of asset knowledge. 
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6.2 Theoretical Contributions 
The research presented in this thesis contributes to the knowledge 
regarding public procurement of railway infrastructure maintenance.  

The area of railway infrastructure maintenance has received little 
research attention since there were only 17 relevant articles for the 
scope of the literature study, presented in paper 1. When examining 
the areas found within the articles, partnering, and incentives design 
through asset knowledge are two critical areas that affect railway 
infrastructure maintenance. From the interviews in paper 3, partnering 
for innovation was examined through the framework by Eriksson 
(2015). 

Olsson and Espling (2004) described a framework for partnering 
within railway infrastructure maintenance. The same general 
recommendation (see Barlow et al., 1997) is found in both the 
framework of Olsson and Espling (2004) as well as the partnering 
literature from construction management. However, the differences 
are described through an emphasis on asset knowledge and the 
involvement of those “on the floor”. Through the interviews in paper 
3, representatives from both the client and contractor describe the 
importance of asset knowledge. The main argument is the need for a 
“common language” when discussing the need for maintenance. The 
result from paper 2 shows that accessibility and asset knowledge are 
two important factors that affect railway infrastructure maintenance. 

The conclusion is that asset knowledge must be considered necessary 
within railway infrastructure maintenance. The asset knowledge 
should be integrated into the partnering activities, both as a 
measurement of performance as well as for planning and operations. 
Otherwise, the risk is that the contractor starts to own a higher level 
of tacit knowledge compared to the client, creating knowledge 
asymmetry. Without any knowledge management, by the client, to 
utilize the tacit knowledge, railway maintenance contracts are 
procured in a way that sustains industry norms and tradition rather 
than drives innovation and development. 
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6.3 Further Research 
The research presented in this thesis is open for further research 
within different research fields. It should be noted that the results 
derive from a Swedish context and might not be applicable outside of 
the case. This limitation should be considered carefully for future 
research. Research to compare the Swedish context to an international 
context might reveal other considerations. 

The literature review was limited to only 17 articles. Therefore there 
is a risk of over-dependence of a few articles. One field of purposed 
research is, therefore, to expand the literature review, in paper 1, to 
include other types of maintenance (e.g., road, bridge, building). By 
expanding the scope, other frameworks and models might be found 
and provide a more in-depth insight into how maintenance (in 
general) can be conducted. 

Sub-contractors, in construction management, are described as 
necessary within a collaborative approach (e.g., partnering). The 
second field of purposed research is, therefore, to understand the sub-
contractors within the field of maintenance management. In paper 3, 
the framework described by Eriksson (2015) mentions the importance 
of sub-contractor involvement, supported by other researchers in the 
field of construction management (e.g., Koolwijk et al., 2018; 
Leuschner et al., 2013; Van der Vaart & Van Donk, 2008). However, 
construction management mainly involves the construction of 
something new. In maintenance management, the infrastructure is 
pre-build and introduces a different precondition. When the 
infrastructure is pre-build, sub-contractors could perhaps be involved 
differently or not at all.  

In paper 3, the interviews focused on the project management level. 
However, many respondents mentioned policies from both the STA 
as well as from the government. The third field of purposed research 
is, therefore, to understand what policies on a government level affect 
railway maintenance. Today, the STA has taken steps to become a 
pure client of maintenance services (TRV, 2012; TRV, 2017). This 
thesis indicates that less standardization is needed to support 
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innovation; therefore, it could be interesting to understand what 
policies and regulations are affected by such a change. 

The result from paper 2 indicates important considerations within 
railway infrastructure maintenance. However, the result needs 
confirmation, either through continued statistical analysis. One 
method is to use multivariate analysis with different responses; 
another is to interview experts that can corroborate or refute the 
findings. The Response time is only one aspect of the contractors’ 
involvement. Although the current findings indicate that operating 
places and asset knowledge is important, more research is required. 
An analysis of maintenance activities in the form of repair time or 
similar could determine differences between contractors or districts. 
These types of analyses could support or negate the current findings. 
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Abstract 

The maintenance of railway infrastructure has in several instances been changed from 

government-based to being based on public procurement, with varying degrees of flexibility for 

the contractor to design their maintenance work. The purpose of-giving contractors a larger 

freedom of choice of how to perform maintenance is to stimulate them to innovate and develop 

their maintenance processes. Since the contracts differ in between and there are changes in 

government policies over time that affects both existing and new contracts, a comparison 

between different contracts becomes challenging. A literature review has been conducted to 

understand the change in procurement strategy and how to encourage contractors to innovate. 

The research questions include: What procurement strategies are there? How is maintenance 

evaluated? How does procurement affect the innovation opportunities for entrepreneurs? 

The literature review focuses on railway maintenance and contract design between client and 

contractor. In total, 17 articles matched the search criteria and were selected for the review. To 

have successful maintenance service, five articles suggested partnering as a strategy with 

common goals in combination with good communication during the entirety of the contract. 

When selecting incentive plan, four articles mentions that a focus on performance-based 

incentives in combination with risk management is better rather than actual payment schemes. 

The reason being that payment is often the main cause of conflicts between client and 

contractor. The scientific literature suggests that improvement in incentives improves quality of 

maintenance, decreases delays and technical failures. The conclusion from the literature review 

is that partnering in railway maintenance is considered successful. With accurate knowledge 

about railway assets the incentive plan becomes accurate which reduces costs. 

The literature review is a part of a research project with an overall goal to develop a model to 

guide the selection of appropriate type of procurement strategy, contract and control of 

maintenance for a more sustainable railway system. 

Keywords: Procurement, Maintenance, Railway infrastructure, Contract, Payment 
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1. Introduction 

Outsourcing of infrastructure maintenance activities from public to private sector has become 

popular in Europe. One reason behind the outsourcing is to make maintenance more cost 

efficient (Österberg, 2003). However, there is an understanding that the public sector fail to 

keep up with the growing and changing industrial demands (Mattson and Lind, 2009; 

Vickerman, 2004b). When public organizations outsource their infrastructure maintenance they 

need to reorganize and handle management of contracts and suppliers instead of performing the 

maintenance. The design of maintenance contracts is important to preserve high infrastructure 

quality. One solution is to design long-term performance-based contracts where both 

construction and maintenance is included (Ng and Wong, 2007; Vickerman, 2004a). However, 

many maintenance contracts require a separation between construction and maintenance since 

the majority of assets to be maintained are already built. 

Railway maintenance is complex where many factors need consideration, e.g. changes in train 

traffic, which are critical due to its impact on both the degradation and access to track (Forsgren 

et al., 2014). The outsourcing of railway infrastructure maintenance has to be performed without 

jeopardizing the infrastructure manager’s task to uphold high safety, quality and availability at a 

low cost. In fact, the infrastructure managers have to ensure a level of railway safety that is 

economically sustainable for the society, i.e. balancing quality of service and cost so that the 

users select the safest mode of transportation. Accordingly, how the procurement process is 

handled therefore becomes critical. European public procurement strategies are regulated by the 

public procurement act. This law is sometimes considered as an obstacle that limits changes and 

renegotiations without a new tender after a contract has been signed (Abdi et al., 2014; 

Alexandersson and Hultén, 2007; Tadelis, 2012). Accordingly, the difficulty of making ex post 

changes to signed contract makes its design critical. 

The Swedish Transport Administration (STA) has outsourced railway maintenance since 2002. 

In 2013 STA was obligated to change its railway maintenance procurement with the intent to 

motivate contractors to innovate and develop their processes. The underlying assumption was 

that restrictions and specifications of how the maintenance should be performed stifled 

innovation and process improvement potentials. Hence, the core of the change process involved 

increasing the contractors’ degrees of freedom in performing the maintenance. There is a need 

for public clients to better understand how procurement strategies work and how they should be 

designed to maximize the outcome at the lowest cost, which in this case is high quality and 

availability of the railway system. 

This paper aims to review how public railway maintenance procurement has been described in 

the scientific literature. The paper is organized into six sections, including the introduction in 

section 1. Section 2 presents the method and describes the literature review process. Section 3 

presents the analysis and the result of the review is presented in section 4. The final sections 

discuss the result and present the conclusions of the study. 
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2. Method of literature review 

A literature review was considered appropriate for condensing the current knowledge of 

procurement of railway maintenance. The literature review started by selecting databases that 

were considered appropriate for finding studies on railway maintenance contracting. The 

database Scopus was chosen due to its coverage of engineering-based publications. On June 3 

2016 Scopus was searched using the search string [Maintenance AND (infrastructure OR 

Subway OR Metro OR Tram OR Rail) AND (Procurement OR Contract OR Bidding OR 

Tendering) AND NOT (Sewer OR Water OR Air OR Pavement OR Defense OR Military)] in 

the subject fields. While this search string generated 209 hits, many of these were out of scope. 

Limiting the search to journals within the subjects; engineering, business, environmental, 

decision, economics and multidisciplinary reduced the number of uninteresting search results, 

leaving 109 articles for further study. 

The scope for this study was discussed and defined to exclude road maintenance because of the 

different management practices and contract designs involved. The first author then reviewed 

the abstracts of these hits. Many of the articles were discarded since they were outside our 

scope, such as those focusing on road maintenance. Also no article published before 2001 were 

found to be within the scope. Finally, 20 articles remained and were selected for the review. The 

20 articles were distributed among the authors for a first round of reviews. 

Twelve of the initial articles were considered relevant after this first round. The low number of 

relevant articles was a concern, and therefore a snowballing technique was introduced to find 

additional interesting references. The snowballing technique involved studying the reference list 

of the twelve identified articles as well as studying all articles that had cited the relevant articles. 

An additional five references were found, which based on their abstract were considered 

interesting. The snowball articles were then reviewed. Of these, four were considered relevant, 

generating a total of 16 relevant articles. 

An additional search was performed to scan other relevant databases, e.g. Web of Science 

(WoS), EBSCO and Emerald Insight. The same search string generated multiple hits that mostly 

were out of scope (mostly connected to road maintenance) or duplicates. However, one 

additional article that was considered relevant for this literature review was found, which 

brought the overall reviewed articles to 17. 

A classification sheet was developed to understand and connect the articles, inspired by Siva el 

al. (2016). Five articles were chosen to calibrate the classification. The authors all reviewed the 

articles individually and then met to discuss their review and the classification sheet. The 

classification sheet was further developed by changing the phrasing of some aspects and new 

aspects were also added. The calibration showed that the reviewers classified the articles 

similarly with only minor differences. Table 1 shows the classifications of the review process. 
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Table 1 - Coding criteria, inspired by Siva et al. (2016) 

Coding criteria Description of coding 

Publication year The year of when the article was published. 

Main conclusion A short description of the main conclusion/contribution from the 

article. 

Type of paper Conceptual, qualitative, or quantitative. 

Methodology Data collection method (experiment, literature review, database 

analysis, archival study or interview study). 

Empirical data Client or supplier data, country origin of the data. 

Topic Procurement/contract, contract scope, maintenance, 

management/strategy or performance 

Type of infrastructure General, railway, subway or high speed rail. 

Level of analysis Contract, organization or policy. 

3. Analysis 

This section presents the analysis from the data classification and coding that was presented in 

Table 1. In Figure 1 the distribution of the articles based on the publication year is shown. The 

figure suggests that publications in the area have been more frequent during two time periods, 

2004-2006 and 2010-2012. The relevance criterion was in fact not a dichotomous classification 

of relevant or not, but a six class ordinal scale between zero and five, where zero represented the 

non-relevant articles and five represented very relevant articles. Studying the articles that were 

not classified as irrelevant, three of the five articles published in 2010-2012 were classified as 

one in relevance but none of the articles published in 2004-2006 had a relevance classification 

of more than one. The conclusion is that the most significant articles related to public 

procurement of railway maintenance were published in 2004-2006. 
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Most of the articles were using a qualitative research approach, see Figure 3 and the distribution 

of methodologies is seen in Figure 2 (note that the number of articles do not always sum to 17, 

reflecting that articles are often classified in more than one category). Most articles were based 

on qualitative data based on case study research and/or interview. Of the relevant articles, 

Sweden stands out as being a common location to base the studies (Figure 5). The three articles 

that were not connected to a specific country were conceptual articles shown in Figure 3. Two 

articles collected empirical data from a mix of countries, where they both used interview study 

as methodology. Amongst the relevant articles Swedish railway is often studied, see Figure 5.  

 

 

 

As seen in Figure 4 many articles focus on the contract type and reward system, whereas 

supplier selection and collaboration model is less studied. Figure 6 presents the topic of contract 

scope where the technical aspects are the most studied. Figure 7 shows that the articles focus 

more on preventive maintenance than any other type of maintenance, e.g. corrective 

maintenance. Based on these classifications three articles present findings that contain contract 

type or reward system, technical scope and preventive maintenance; Kemi (2001), Espling and 

Olsson (2004) and Olsson and Espling (2004). From the keywords the common denominator for 

all three articles is partnership. 
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4. Findings 

The 17 relevant articles were categorized into four different areas; collaboration model, i.e. 

partnering (five articles), contract incentives (four articles), financing (three articles) and 

management (five articles). Thirteen of the articles present conclusions based on empirical 

evidence, six of these are studies conducted in Sweden. The remaining four base their 

conclusions on either experiments or archival studies. 

4.1 Partnering 

The five articles considered most relevant suggest partnering strategy for railway maintenance 

procurement. However, different authors use different definitions of partnering. Abdi et al. 

(2014) define partnering as “close cooperation between client and contractor that makes it 

possible to make adjustment and improvements during the contract period that are to the 

advantage to both the contractor and the client”. Espling and Olsson (2004) describe partnering 

as “a managerial approach used by two or more organizations to achieve specific business 

objectives by maximizing the effectiveness of each participant’s resources”. Kemi (2001) 

defines partnering as “a process by which organizations develop a more focused collaboration 

by defining common goals, common collaboration team and common respect for each other’s 

organization”. Borg and Lind (2014) and Kemi (2001) emphasize that partnering should not be 

seen as a specific procurement contract or a new type of contract. Instead partnering could be 

implemented in any type of procurement contract (ibid.). Based on these definitions we define 

partnering as close collaboration between partners with common goals and partners working to 

maximize the resource effectiveness of each organization as well as of the partnership. 

Borg and Lind (2014) propose a classification framework for contract type and payment 

method. Their classification is based on a continuum where of the number of contractors, 

breakdown of responsibilities and level of construction and/or maintenance are inputs. Borg and 

Lind (2014) further conclude that partnering can fit in any type of contract and contracting 

makes adjustments during the contract period possible.  
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Cruz et al. (2015) have studied two public-private partnerships in urban light railway system; 

the contracts were long-term and contained both construction and maintenance. One project was 

considered problematic and resulted in delays, whereas the other was considered successful, 

providing lower operating costs (ibid.). The conclusion was that the difference explaining the 

two outcomes was an innovative maintenance model (Cruz et al., 2015). 

Abdi et al. (2014) proposed that contract design should be based on a vision of what the project 

should achieve for both client and contractor. They further propose that the vision should define 

common- goals and interests that are included in the maintenance contract. Common goals force 

parties to consult each other. The necessary adjustments during the contract period are easier 

with partnering than with other contract designs since partnering offers that flexibility. 

However, it is argued that the public procurement act needs to be analyzed to see if more 

flexible contracts are possible without a new tendering process. (Abdi et al., 2014) 

Olsson and Espling (2004) present a framework for public sector infrastructure maintenance 

partnering. Partnering is suggested to improve communication between maintenance contracts 

parties. Partnering benefits are said to include improved project quality, increased flexibility, 

improved scheduling and lower maintenance cost. However, partnering is considered to require 

more management involvement, especially during the startup phase. Their analysis suggests that 

partnering in railway maintenance may potentially reduce overall cost up to 30 percent. An 

accurate description of asset condition, clear description of primary objectives and a common 

action plan to reach the primary objectives are all important railway maintenance factors to 

consider (Olsson and Espling, 2004). 

Kemi (2001) suggests that partnering requires a project team consisting of the contract parties as 

well as a third party to ensure open and honest communication during meetings, which reduces 

the total meeting time. At project start and throughout the contract the project team should 

define common and ranked objectives and a common strategy to meet these objectives (Kemi, 

2001). 

4.2 Contract incentives 

Payment in railway maintenance contracts often leads to conflicts (Abdi et al., 2014). The 

design and evaluation of payment systems must be considered carefully to handle and minimize 

conflicts (ibid.). Abdi et al. (2014) and Borg and Lind (2014) both argue the payment schemes 

distribute risk in large maintenance contracts. The allocation of risk must be carefully 

considered in railway maintenance since payment is related to both risk and conflicts (Borg and 

Lind, 2014). 

The payment can be used as a tool for balancing risk allocation and risk sharing between client 

and contractor in their procurement contract framework. Borg and Lind (2014) list three 

payment systems that affect risk differently; fixed pricing, fixed pricing with general indexing 

and unit pricing. With fixed pricing, all risk is carried by the contractor and with unit pricing the 

client carries all the risk. With general indexing all risk except changes in general pricing is 
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carried by the contractor. Both fixed and unit pricing present uncertainties and Borg and Lind 

(2014) suggest that risk sharing is needed in both extremes. When the contractor carries all the 

risk, the contract gets less attractive and this can reduce the number of bidders. The contractor’s 

improvement incentives are, on the other hand, reduced when all risk is allocated to the client. 

The risk allocation model therefore needs to give incentives to contractors as well as the client. 

The issue then becomes to properly select and balance incentive parameters. Reduced quality in 

other dimensions could for instance be an outcome of the contractor only focus on reward 

bringing incentives (Borg and Lind, 2014). 

Tarakci et al. (2006) simulated a method of uptime target and bonus to create a win-win 

situation when selecting performance based incentives. The contractor gets a bonus if the 

uptime level exceeds a pre-determined threshold (ibid). Tarakci et al. (2006) have found an 

optimum threshold and amount of bonus to create the desired win-win condition. Having such 

performance based incentives was tested by Stenbeck (2008) and the study found that the 

number of delays and failures related to maintenance contracts could be reduced using this 

model. 

Olsson and Espling (2004) argue that it is difficult to have an accurate and detailed contract 

design without knowledge of the asset condition. Rahman and Chattopadhyay (2010) have 

developed a mathematical model for the total cost of ownership for railway infrastructure that is 

based on previous work. They argue that when outsourcing infrastructure maintenance it is 

important to have an accurate description of the total cost of ownership for the procurement 

process. The model they present accounts for the cost of procurement, maintenance, inspection, 

accidents and disposal of rail. If there is a lack of understanding of total cost it may lead to 

uncertainties for aspects such as reliability, availability or safety. 

4.3 Financing 

Financing regulates the relationship between public and private sector in railway maintenance 

outsourcing. In different public-private partnerships, financial support from private sector has 

been considered as means to ease the governmental burden. The discussion is then what level of 

private financing is needed, if any, in outsourcing of railway maintenance (Ng and Wong, 

2006). 

Maintenance planning is essential to ensure good track availability (Forsgren, et al., 2014). The 

British railway had major problems with the lack of planning with cost increase of up to 25 % 

(Vickerman, 2004a). The reason behind the problems was that maintenance needs had not been 

properly identified and could therefore not be scheduled (ibid.). Vickerman (2004a) argues that 

there are benefits with maintenance outsourcing, but that outsourcing increases costs for 

upholding maintenance quality. Vickerman (2004a) argues that infrastructure condition quality 

indicators need improved definition. Economically it means that there is a need for an adequate 

asset condition assessment to understand its expected remaining life. Accurate estimates of asset 

condition provide the possibility to define good quality indicators which provides good 

incentives to the contractors and good maintenance (Vickerman, 2004a). 
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4.4 Maintenance management practices 

Odolinski and Smith (2016) have evaluated the cost impact of competitive tendering in Sweden. 

They mention the case in Britain where the entire railway network was exposed at once to 

competitive tendering, which ultimately caused a drop in quality and the maintenance was 

brought back in house (see Kennedy and Smith, 2004). Odolinski and Smith (2016) shows that 

the gradual exposure of competitive tendering has reduced cost by around 12 per cent. 

Bouch and Roberts (2010) considers the logistical part of infrastructure maintenance important 

and argue that most infrastructure managers aim for that suppliers should plan for just-in-time 

warehousing to minimize costs. Long-term planning is a solution for most logistical problems 

within railway maintenance. However, the fluctuating level of government railway maintenance 

founding is problematic for long-term planning. The track quality variability that requires small 

and costly work packages is another challenge (Bouch and Roberts, 2010). 

Infrastructure managers give higher importance to sustainability issues, and component 

recycling is increasingly often being used (Bouch and Roberts, 2010). Lundberg (2011) argue 

for an improvement in environmental follow-up system for railway maintenance. The 

environmental follow-up activities are defined during the procurement phase (ibid.). Lundberg 

(2011) further argues that the client and contractor communications needs improvement 

together with an environmental data memory bank to increase the organizational learning 

possibilities. 

Maintenance planning requires an accurate knowledge of the asset condition (Rahman and 

Chattopadhyay, 2010; Too, 2012). The use of technological solutions to evaluate the condition 

of asset and the risk of failure is considered important (Too, 2012). A challenge with 

maintenance management is the lack of skilled personnel to both assess the asset condition and 

to perform railway system maintenance (Too, 2012). In Sweden, 30 % of all track related 

incidents have been attributed to maintenance and of among these, 79 % were related to 

maintenance work (Holmgren, 2005). Causes include improper communication between 

maintenance personnel and train dispatcher, lack of experienced maintenance personnel, which 

may maintain poorly if supplied with poor instructions (Holmgren, 2005).  

5. Literature review discussion 

Four key areas could be identified in the literature review: partnering, contract incentives, 

financing and maintenance management practices.  

Three of the articles involving partnering are based on the same study of two projects that were 

concluded to be successful (Espling and Olsson, 2004; Kemi, 2001; Olsson and Espling, 2004). 

However, despite these successes, partnering seems seldom used, as stated by contractors and 

clients (Abdi et al., 2014). Olsson and Espling (2004) provide a framework for railway 

maintenance partnering, where they state that common goals, synchronized strategy and honest 

communication are key success factors. Espling and Olsson (2004) and Kemi (2001) studied 
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partnering within railway maintenance, Espling and Olsson (2004) before outsourcing and Kemi 

(2001) after. Abdi et al. (2014) provided empirical evidence of the need for partnering from 

both client and contractor. The conclusion is that there is a need for partnering, there is evidence 

of partnering being successful in railway maintenance but it is not being used within Swedish 

railway maintenance. 

The complexity and design of railway systems increases managing and control challenges and 

maintenance outsourcing further increases complexity. Since most railway infrastructure are 

owned by the state, a government organization sets the system requirements, e.g. availability 

and quality. Proper contract incentives connected to the overall objective provide possibilities to 

reduce overall maintenance cost (Tarakci et al., 2006). However, incentives require an accurate 

calculation of total cost of ownership to create a detailed specification of maintenance assets 

(Rahman and Chattopadhyay, 2010). 

Abdi et al. (2014) and Alexandersson and Hultén (2007) discusses public procurement laws in 

relation to railway maintenance and, Abdi et al. (2014) discusses public procurement laws in 

railway maintenance in relation to partnering. All studies conclude that legal requirements 

prohibit changes within a contract without renewing the tendering process. Olsson and Espling 

(2004) consider the ability to change and adapt the contract necessary. More research is needed 

to explore how the public procurement law affects partnering or can be adapted to allow 

partnering within railway maintenance. 

As for the literature review methodology, the total of 17 articles can be considered few. Initially 

we discussed databases, search string and the scope of the review. Initial searches in different 

databases generated only duplicates or zero hits, and we concluded that Scopus provided the 

broadest number of hits for this review. The conclusion of these discussions was that we wanted 

a limited scope based on scientific publications, excluding procurement of road maintenance 

since railway maintenance is more complicated and maintenance contract usually are longer in 

time. We strongly believe that the findings would be different and ultimately misleading for 

railway maintenance procurement had road maintenance been included. 

6. Conclusion 

The purpose of this paper was to review the scientific publications on public procurement of 

railway maintenance. The review process identified four key areas within the subject: 

partnering, contract incentives, financing and maintenance management practices. Partnering 

can be a success factor in public procurement of railway maintenance. The Swedish studies 

often state that Swedish public procurement of railway maintenance is different compared to 

other countries. Partnering is seen as positive when changes can be made during the contract, 

something that is difficult due to the law of public procurement. Some evidence in the studied 

literature suggests that the law forces procurement at lowest price, something that hinders 

maximizing the service quality. Hence, the possibility of integrating partnering within the laws 

of public procurement needs more research. Since the public procurement laws usually prohibit 

change after the contracts have been signed, then perhaps partnering design is neglected even 
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though it shows benefits if it can be adapted within railway maintenance. It is therefore 

important to improve the knowledge of how a partnering contract can be designed in accordance 

to the public procurement act to benefit the quality of the railway system. 
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Abstract 
 

Swedish railway infrastructure maintenance has been outsourced through gradual 
exposure since 2002. The idea behind outsourcing was to reduce cost and improve 
efficiency. However, railway maintenance cost has increased faster than railway 
maintenance operations, resulting in neglected railway maintenance.  Since railway 
operation is governed by the contract design the purpose of this paper was to explore the 
relationship between contract design and maintenance outcome within Swedish railway 
infrastructure maintenance. To explore this relationship linear regression analysis was 
used. The result indicates that asset knowledge and accessibility to the track are 
important to consider for improving maintenance operations.  
 
Keywords: Public Procurement, Railway Maintenance, Contract Design 
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Introduction 
Railway maintenance outsourcing has been a popular choice for European countries 
during the last decades. One motivation behind the outsourcing decision is to reduce 
overall cost without jeopardizing track quality. According to Odolinski and Smith 
(2016), outsourcing through gradual exposure has reduced cost by 12 per cent in 
Sweden. Gradual exposure creates a learning process for railway custodians regarding 
both procurement strategies and contract design (ibid.). However, large changes in the 
contract design can only occur during the procurement process not during the contact 
period, since the law of public procurement only allows for smaller changes  (Lagen om 
offentlig upphandling [LOU], SFS 2016:1145). Smaller changes include unpredictable 
circumstances, minor additions and changes as well as change of contractor (ibid.). 
However, the contract is arguably fixed during the contract period, making design 
especially important. Hence, there is a need to understand the impact of contract design 
on maintenance outcome. 

In Sweden, railway maintenance has been outsourced through gradual exposure since 
2002, with the last contract exposed to competition in 2013. Due to expensive 
machines, there is a high economical barrier for maintenance companies to enter the 
market (Lingegård, Lindahl 2015). Therefore, the railway maintenance market in 
Sweden is oligopolistic, that is, it only involves a few actors. Alexandersson and Hultén 
(2007) indicates that a market with few actors open for more negotiation then actual 
competitive tendering during a procurement process. However, governments often try to 
avoid such collaboration techniques (i.e. negotiations) during a public procurement 
process (Meehan, Ludbrook et al. 2016). Another unique characteristic in a client-
contractor relationship in maintenance is that the infrastructure already exists. Usually 
client-contractor relationships involve construction of infrastructure (sometimes 
including maintenance). When the infrastructure is new the knowledge about the 
condition is high, and the predictability for maintenance needs is also peaking. 
However, most railway infrastructure is several decades old, complicating maintenance 
requirement predictions. Hence, an accurate description of the condition of the railway 
infrastructure is needed. Without accurate knowledge of the railway infrastructure there 
is a risk of inaccurate contract design (Olsson, Espling 2004), causing a misalignment 
between infrastructure condition and contract design (Andersson, Hultén 2016). 
Andersson & Hultén (2016) suggest that Swedish railway maintenance costs are 
increasing four to five times faster than railway operations, caused by a misaligned 
governance structure of railway maintenance, costing up to 2 billion SEK annually. 
Governments need to better understand the effects of procurement strategies and 
contract design, especially since railway maintenance has received little research 
attention. Hence, the purpose of this paper is to examine the relationship between 
contract design and maintenance outcome.  
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Theoretical perspective 

Maintenance Contracts 
The purpose of a contract is to have a written agreement between different economic 
actors on a subject that they may have a different perspective on (Borg, Lind 2014). 
However, it is difficult for the client to design a contract that minimizes its cost without 
changes to the overall quality of the railway infrastructure. While minimising cost and 
maintaining asset quality, the contractor's payment should be sufficient enough to 
minimise moral hazard (Borg, Lind 2014), something that is hard to achieve in practice. 
The contract design within railway infrastructure maintenance depends on the asset 
knowledge and pricing of these assets (Olsson, Espling 2004). Cross (1988) mentions 
three factors that affect maintenance services; pressures for reducing costs; 
reorganization to allow an improvement of the service given; withdrawal from 
providing a particular service towards introduction of suppliers (i.e. outsourcing of the 
maintenance service). Today, client organizations often try to find an optimum between 
cost control and operational improvements through outsourcing. Contracts need to 
specify the content of service as accurately as possible in order to design financial 
incentives (Rahman, Chattopadhyay 2010, Olsson, Espling 2004, Tarakci, Tang et al. 
2006), otherwise there is a risk of conflicts (Abdi, Lind et al. 2014, Borg, Lind 2014). In 
Sweden, the overall contract describes a function that the contractor has to satisfy, e.g. 
the track should be available for traffic 24 hours every day of the year. However, the 
working instructions for each railway asset are specific resulting in procurement of a 
contractor that only follows specification (Lingegård, Lindahl 2015). Creating a 
situation where the contractors have freedom to organize the maintenance activities (i.e. 
logistical solutions), but not the maintenance itself. 

Pricing and payment are sources for conflict in contract situations (Abdi, Lind et al. 
2014) and as such, the payment scheme must be designed carefully (Borg, Lind 2014). 
The careful consideration in designing this payment schemes is of vital importance to 
minimise conflicts and to distribute the right amount of risk. Simplified, there are two 
types of pricing; fixed-price and actual cost. Fixed price is simply fixed payment for the 
maintenance activities. Actual cost is payment according to reality, including factors 
such as time, personnel and equipment. Railway maintenance contracts in Sweden have, 
of course, a mixture of the two payment types. However, Sultana et al. (2013) mentions 
problems with such traditional way of contacting and procuring. Procurement of the 
lowest cost may result in a neglect of quality for the reduction of cost. The client has to 
ensure, by either inspections or governance, that the quality is not jeopardized. 

Partnering in railway maintenance contracts has been used in the Swedish contracts. 
The main idea is to make contacts more flexible to change by close cooperation between 
client and contractor (Abdi, Lind et al. 2014). By close cooperation, the aim is to drive 
innovation, increase productivity and implement new ways of working (Eriksson 2015). 
The client is expected to drive both the partnering process and the knowledge transfer 
by encouraging to partnering activities (Havenvid, Hulthén et al. 2016, Olsson, Espling 
2004). However, clients have had problems with both understanding and implementing 
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partnering (Eriksson 2008). Because railway maintenance is complex by nature, there is 
a need for partnering in such an environment (Pesämaa, Eriksson et al. 2009). Olsson 
and Espling (2004, p. 245) mentions four key factors to partnering within railway 
infrastructure maintenance: requirements for partnering; partnering process; success 
elements; measurements. Requirements for partnering handles the complexity of the 
project (i.e. complex projects requires more partnering). Partnering process handles the 
type of collaboration and has to be driven by the client (Eriksson, Larsson et al. 2017, 
Eriksson, Westerberg 2011). Success elements regard knowledge transfer of tacit 
knowledge between maintenance personnel and honest communication. Measurements 
regard the performance of the contractor and should be done in such a way so that the 
client can assess both the railway assets and the contractors’ performance, agreeing with 
the findings of Sultana el al. (2013). However, Tadelis (2012) suggest that the law of 
public procurement hinders the partnering process. He argues that the flexibility of the 
partnering process is difficult since larger changes cannot be done due to the law.  
Partnering can be used in any type of contract (Borg, Lind 2014) and the law of public 
procurement can be managed (Abdi, Lind et al. 2014). 

Methodology 
The case study was related to Trafikverket (Swedish transport administration) and 
empirical data was mainly collected from two sources. One source is the contract data 
base, where the contracts and their design are described together with additional 
information such as contactor and covered geographical area. The other source is LUPP, 
which is Trafikverket’s tool for business intelligence within the maintenance area, i.e. 
SAP BusinessObjects. Through LUPP information about events that occur can be 
collected. Examples of information that have been used in this study is the occurrence 
of faults, which can be related to the spatial domain (e.g. contract area and track 
section), the temporal domain (e.g. year, month, week and day), the system domain (e.g. 
track, signalling and power supply). Also time measures related to corrective 
maintenance activities initiated by occurred faults can be extracted, e.g. time to respond 
and be at the location, active maintenance time, and total correction time. Also 
consequences due the faults, such as number of disturbed trains and delay times can be 
extracted. The two sources of data are then related to each other by specific contracts as 
the common denominator. Hence, in this way the contract design are related to the 
occurred events and its consequences within the geographical area that the contract 
covers. Data was exported from LUPP and the contract data base to Excel, where they 
were combined by the logic described above. Thereafter, the combined data base was 
imported to statistical tools such as Minitab for linear regression analysis. 

Collected data covers the time period of 2010-2017. The lower limitation is based on 
the coding structure of occurred events, which was changed by STA in 2009. This 
means that data before 2010 is difficult to compare with later data. The upper limitation 
of 2017 is due to the fact that whole years were preferable to be used within the study. 
22 out of 34 different contracts from different regions in Sweden were collected and 
analysed to be able to connect to the maintenance data. These contracts are procured 
under different times and contain both high and low amount of traffic. 
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Contract data were qualitative and describes for instance contractor name, contract 
type, length of contract, type of pricing, etc. Most of the data were in written form and 
had to be manually transformed to a data sheet. LUPP data were quantitative and 
describes number of inspections, error reports, inspections errors, response time, repair 
time, train delays, etc. LUPP data were connected to the contract data via contract 
number and track section number to create one common database. Most of these 
quantitative measurements can be affected by the maintenance contractor. However, 
some of them can be disrupted by external factors. These external factors could be age 
of the track, condition of the track, traffic intensity, animal or vegetation. There is also a 
gap of information between maintenance outcome and maintenance activities. The 
railway assets condition could have been improved by either reinvestment or 
maintenance actions. However, this information is not available in the LUPP data, 
causing uncertainties regarding the estimates of asset condition.  

Data analysis 
Railway maintenance contracts in Sweden contain many work descriptions and 
regulations regarding how maintenance should be performed. Since contractors are 
obliged to follow these regulations, contractors can, in practice, only affect logistical 
solutions. By logistical solutions we mean how contractors get to the railway tracks and 
how they organize maintenance activities. Hence, response time to corrective 
maintenance was selected as response variable for the regression analysis. However, 
there are some aspects that need to be considered. Firstly, larger contact areas will have 
a longer response time, simply because of geographical distances. To accommodate for 
these geographical differences the response time was divided be the length of the track 
section. Secondly, the contact state that contractors cannot exceed a fixed response time 
without receiving a fine.  These fixed response time are adjusted according to traffic 
amount, i.e. a track section with heavy traffic have a lower time limit before a fine. 
Since this paper seeks the outcome of maintenance activities derived from the contract, 
this aspect is noted but not adjusted for in the regression model. 

When the response variable has been selected the data must be cleansed of errors and 
irregularities. Firstly, response time plus repair time of more than one day or negative 
amount of time was removed (𝑡𝑡 < 1 and 𝑡𝑡 > 1441 minutes). This limitation accounted 
for around 13 percent of the data. Secondly, the data is divided into 64 different railway 
assets. To determine what asset types that are relevant for a regression analysis a pareto-
chart was constructed, Figure 1. 
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Figure 1 - Pareto chart displaying the total amount of error reports divided into the 64 
different asset types 

Seven of the 64 railway assets are responsible for 75 percent of all errors on the 
railway tracks. Three of these seven was selected for the regression analysis; Switches 
and Crossings; Track; Level Crossing. These three was selected because they are 
primarily affected by the contractors’ maintenance activities and can be reduced by 
preventive maintenance. Because there is a significant difference in repair time between 
these three assets, they have to be analysed independently. 

From discussions with experts in the field they gave a unanimous view that it takes 
three years for a contractor to establish themselves within the contract. Therefore the 
data was divided into two observations (where possible), one during the first three years 
and one during the last three years. Of the 22 contract, 10 were able to be divided into 
two observations. Another aspect of a three year average is the reduction of seasonal 
dependence. Maintenance during winter conditions takes longer than during the 
summer.  Also, contracts in the north have a longer winter period than contracts in the 
south of Sweden. By having a three year average this effect is reduced. 

An initial residual analysis concluded that the response was not normal distributed. 
To resolve this issue the response was transformed by a logarithm transformation. The 
residuals then took a more normally distributed form. This indicates that the normal 
distribution assumption cannot be discarded, making the regression analysis valid. Non-
significant regressors were then eliminated by backwards elimination with a level of 10 
%.  

Count 53401 32180 28325 25876 24985 23844 22613 69693
Percent 19,0 11,5 10,1 9,2 8,9 8,5 8,0 24,8
Cum % 19,0 30,5 40,5 49,8 58,7 67,1 75,2 100,0
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Findings 
The result from the three separate regression analysis determined that four regressors 
had a significant correlation with response time; number of operating places; number of 
safety inspections; contract area and track classification. Each data point is the average 
response time of a track section over a period of three years. The result indicates that 
more operating places and safety inspection could result in a lower response time for the 
contractors. The R2 values were 71.54 % (Track), 63.37 % (S&C) and 76.56 % (Level 
Crossing), with a significant p-value for the models (all ≤ 0.05) there is a statistical 
significant relationship between the variables.  

Discussion 
From the linear regression analysis two continuous variables were significant (number 
of operating places and number of safety inspections) and two categorical variables 
(contract area and track classification). When selection response time as the response 
for the linear regression analysis we initially had two considerations, seasonal and 
traffic variation. Seasonal variation was adjusted for by using a three year average. 
Traffic variation was associated with the track classification and was not adjusted for in 
the model, since we are seeking the relationship between contract and maintenance. 
Therefore, the two categorical variables were not surprisingly significant for the 
response. Since the contracts regulates the response time according to the track 
classification, it would have been a surprise if the variable was not significant. The same 
argument can be made for the contract area, since there is a difference between contract 
areas in both the contract themselves but also in geography (e.g. seasonal variation). 
Although contract area and track classification was expected the results indicate that 
there is a difference between the contract areas in Sweden. As previously stated, since 
2013 STA has moved to a more standardized approach for maintenance contracts in 
Sweden. The result of this paper indicates that maintenance contracts need less 
standardization and more individualization. The contract for each contract area should 
be designed according to the preconditions for the specific area. However, more 
research is needed to determine this relationship. 

Number of operating places is strongly connected to the length of the track, i.e. a 
longer track section will have more operating places. To simply construct more 
operating places on a smaller area is therefore not the solution. However, the result does 
indicate the importance of logistical solutions (as were one of our prerequisites) by the 
active contractor. When procuring new contracts, number of operating places can 
indicate the accessibility to the tracks for a contractor. Track sections with high 
accessibility can have a stronger connection with maintenance outcome, and be more 
favorable for a contractor to place a bid, although more research is required. 

Arguably there is a connection between individual contract design and track 
accessibility. Today, contractors receive a fine if they exceed a preset limit for the 
response time. This limit is mostly regulated according to the track classification, rather 
than existing accessibility. Since number of operating places had the strongest 
correlation with response time of the four significant factors, accessibility should have a 
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strong effect on maintenance outcome. This result further emphasizes the need for 
individualization of the maintenance contracts.  

Number of safety inspection was significant in all three regression analysis, with 
more inspections leading to a lower response time. One interpretation of the significant 
correlation could be that the contractor that preforms more inspections can use the 
opportunity to fix issues directly, reducing the inspection time. However, the same 
argument can be made for maintenance inspections, which were included in the linear 
regression analysis. Maintenance inspections did not have a significant correlation with 
the response. The differences between these two types of inspections are that safety 
inspection are much stricter and follow a detailed instruction from the client. 
Maintenance inspections are described as a more “gut feeling” approach, and result 
differ between the technicians preforming the inspection. Due to the more technical 
focus of a safety inspection the reason behind the correlation can be in the learning 
process for the contractor. By performing many technical safety inspections the 
contractor gains knowledge about the asset condition. With this increased amount of 
knowledge the contractor can plan and predict maintenance more efficiently. Also, the 
contractor learns the geography of the track and where the assets are. This in turn can 
reduce the response time for corrective maintenance activities. 

Conclusion 
This research is a first step of investigating the relationship between contract design and 
maintenance outcome using linear regression. In this paper three separate linear 
regression analysis was performed on maintenance and contract data for three asset 
types: track, S&C and Level Crossings. With response time as response four factors had 
a significant correlation with the response in each of the three linear regression analysis: 
contract area; track classification; number of operating places and number of safety 
inspections. Contract area and track classification were expected to be significant, since 
response time is regulated via fines in the contract. However, the factors number of 
operating places and safety inspections were not expected. The results indicate three 
primary conclusions; individual contract design; accessibility to the track and asset 
knowledge. 

Since the response in the linear regression analysis was response time for corrective 
maintenance, there is still a need for more research to create a larger picture. However, 
the research does agree with previous findings of individual contract design (e.g. Abdi, 
Lind et al. 2014) and the importance of asset knowledge (e.g. Espling, Olsson 2004). 
For railway clients the procurement and contract process should value asset knowledge, 
both in-house and by their contractors. With accurate asset knowledge the contract 
should be designing individually based on the prerequisites of the contract area. By 
doing so there is a possibility of the increased efficiency of predicting and planning 
maintenance activities. 

Future research should conduct additional analysis on other response variables (e.g. 
repair time). Response time is only one aspect of the contractor’s ability to conform to 
the contract design. To fully understand the relationship between contract design and 
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maintenance outcome, additional variables should be explored. Also, a multivariate 
analysis (e.g. principal component analysis or cluster analysis) could be beneficial to 
explore the relationships between the different variables in the dataset. 
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Railway maintenance is highly important for a sustainable transport system.  A popular 

choice in Europe is to outsource the railway maintenance obligation through a public 

procurement process.  Public procurement of railway maintenance has gained relatively 

little attention in research despite that the competitive tendering approach implies several 

challenges, especially related to collaboration and innovation.  Hence, the aim of this 

study is to explore public procurement of railway maintenance, with a particular focus on 

how various factors support or hinder collaboration and innovation.  A multiple case study 

approach is used, including interviews with client and contractor representatives and a 

multidimensional framework on partnering as supply chain integration guides the 

analysis.  Tentative findings indicate that there is potential in strengthening the supply 

chain integration in the studied context.  Findings provide theoretical contribution to 

supply chain integration, for example by pinpointing the importance of addressing 

informal relationships at the individual level in maintenance contracts.  Furthermore, a 

practical implication for managing transport infrastructure maintenance contracts is the 

importance of addressing collaboration depth by allocating sufficient human resources to 

the client organisation. 

Keywords: collaboration, supply chain integration, railway maintenance 

INTRODUCTION 

Outsourcing infrastructure maintenance, for example roads and railways, to increase 

efficiency has been an increasingly used strategy in several European countries (Olsson 

and Espling 2004).  When public client organizations outsource infrastructure 

maintenance there is a need to develop new knowledge on how to procure and manage 

contracts and contractors.  Railway maintenance is complex and there are a number of 

factors to take into consideration when procuring maintenance contracts.  Important 

challenges are for example that: (I) maintenance is a long-term and continuous process 

with contract periods of five to seven years (II) infrastructure conditions will change with 

time due to age and use etc.  (III) it is difficult to exactly assess infrastructure condition 

before, during and after the contract period (IV) and there is major dependence between 

client and contractor, which makes the contractor’s engagement, knowledge and 

flexibility essential and critical factors (Olsson and Espling 2004).  There is also change 

in train traffic intensity to take into consideration, which affects time allocated for 

maintenance work (Forsgren et al., 2014). 
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To ensure the expected daily service in terms of punctuality and safety, both planning and 

performance of railway maintenance is crucial (Baldi et al., 2016).  Previous research on 

railway maintenance includes, for example, studies on planning methods (Baldi et al., 

2016), competitive tendering and cost impact (Odolinski and Smith 2016) and contract 

design (Abdi et al., 2014).  Previous research (e.g. Olsson and Espling 2004) has shown 

that contractor’s low flexibility for coping with unforeseen events during contract periods 

has been expensive for the client and has in some cases led to adverse relationships 

between the parties. 

While there is extensive research on collaborative approaches (e.g. partnering) to avoid 

adverse relationships and improve communication and innovation in construction projects 

(Bygballe et al., 2010, Eriksson 2010), procurement strategies and collaborative 

approaches in public procurement of railway maintenance has gained relatively little 

attention (Aldenlöv et al., 2017).  This is despite the fact that innovation and productivity 

improvements are essential ingredients to gain value for money in the transport 

infrastructure sector.  It is also argued that maintenance has greater need for flexibility 

than construction (Olsson and Espling 2004) why procurement strategies and 

collaborative approaches developed for construction projects may not be appropriate for 

railway maintenance. 

The Swedish Transport Administration (STA) has outsourced railway maintenance since 

2002.  Later, STA developed its procurement of railway maintenance with the intention to 

motivate contractors to become more innovative and develop their processes.  The 

underlying assumption was that less restrictions and specifications of how the 

maintenance should be performed would drive innovation and process improvement 

among contractors (Vass and Karrbom Gustavsson 2017).  Hence, the change process was 

based on increasing the contractors’ freedom in performing maintenance services. 

The aim of this study is to explore public procurement of railway maintenance, with 

particular focus on how collaboration and innovation is supported or hindered.  A 

multiple case-study approach is used, including interviews with client and contractor 

representatives.  A multidimensional framework on partnering as supply chain integration 

by Eriksson (2015) is used to map and categorize the findings related to collaboration.  

Tentative findings indicate that there is potential in strengthening the supply chain 

integration in the studied context.  Findings provide theoretical contributions to literature 

on supply chain integration and practical implications for the development of 

procurement strategies for improving collaboration in transport infrastructure 

maintenance contracts. 

LITERATURE OVERVIEW 

Partnering in Construction Projects and Maintenance Contracts. 

The construction industry has a history of conflicts, disputes and a perceived reluctance to 

change (Laan et al., 2011).  Public clients have been encouraged to initiate and drive 

innovation in the construction industry and its supply chains (Kulatunga et al., 2011).  

Traditionally, construction clients rely on competitive tendering involving several bidders 

that prepare lump sum contract proposals based on requirements set ex ante by the client 

and their consultants.  In bid evaluation, the lowest lump sum is typically awarded the 

contract.  This type of procurement has received increased criticism for causing disputes 

and adversarial relationships (Pesämaa et al., 2009). 

A client-initiated change that has gained increased interest during the last decades is 

partnering, which is a collaborative approach based on new procurement strategies for 
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integrating supply chains, drive innovation, improve performance and increase 

productivity (Bygballe et al., 2010, Eriksson 2015, Lahdenperä 2012).  Clients are 

encouraged to take on the important role to create renewal through innovation and 

learning (Ingemansson Havenvid et al., 2016) and to facilitate group work by involving 

suppliers and contractors early (Kulatunga et al., 2011). 

Partnering relationships have been found to improve coordination and flexibility, which is 

beneficial in contexts characterised by complexity and uncertainty (Anvuur et al., 2007).  

However, there are researchers arguing for a suitable balance between cooperation and 

competition depending on the project and the context (Eriksson 2008).  In their study, 

Pesämaa et al., (2009) argue that increased cooperation is desirable in contexts 

characterized by high complexity, customization, time pressures and uncertainty.  

However, establishing cooperative relationships is not easy (Bresnen 2007) and there 

seems to be a lack of understanding among clients of how to implement partnering 

(Eriksson 2008). 

In their study on partnering in railway maintenance, Olsson and Espling (2004) suggest a 

general framework of partnering for infrastructure maintenance based on combining early 

partnering literature (e.g. Barlow et al., 1997) and key characteristics of maintenance.  

They conclude that key factors to consider are: the requirements for partnering, the 

partnering process, success elements and measurements (Olsson and Espling 2004, 245).  

Their recommendations for successful partnering in maintenance contracts are partly 

similar to those general for project partnering (e.g. Barlow et al., 1997) but there are also 

aspects that are specific for maintenance contracts.  The general recommendations 

include: A gain-sharing mechanism and financial incentives, rules for justification of 

changes in target cost, top management commitment and involvement, a facilitator to co-

coordinate and facilitate implementation, a team of key personnel from client, contractor 

and important sub-contractors, continuous communication between all parties, commonly 

agreed and ranked objectives and an agreed strategy for meeting partnering objectives.  

These aspects are very similar to findings in studies on partnering in construction 

projects, such as Eriksson (2010), Laan et al., (2011).  The requirements that are specific 

for maintenance include: clear goals in connection to end users, agreed strategy for 

developing the maintenance process and a strategy including all personnel in the 

partnering process, especially those on the floor (Olsson and Espling 2004, 247). 

THEORETICAL FRAMEWORK 

Partnering As Supply Chain Integration 

In the supply chain management literature, partnering and collaboration are often 

discussed in terms of supply chain integration (SCI) SCI is a concept that originates from 

a manufacturing industry context and corresponds to the concept of partnering, which is 

commonly used in the construction industry (Eriksson 2015).  While partnering can be 

seen as a cooperative approach to procurement, SCI can be defined as the degree to which 

a focal company strategically collaborates with its supply chain partners and 

collaboratively manages intra- and inter-organizational processes (Flynn et al., 2010, 59).  

In order to enable a more detailed and systematic understanding of internal, contractor 

and customer integration, Eriksson (2015) has developed a multidimensional conceptual 

framework on SCI.  The framework includes four interdependent dimensions: strength, 

scope, duration and depth of integration and is useful for analysing collaboration in 

specific projects. 
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The duration dimension is dependent on how long the partners will collaborate and 

jointly utilize integrative activities and technologies, for example integration across sub-

sequent projects and/or project stages.  The scope dimension involves the nature and 

number of companies involved in the integrated supply chain.  That is, which 

organizations that will jointly perform the integrative activities and technologies, for 

example clients, contractors and consultants. 

The strength dimension measures the degree of integration, which is dependent on the 

extent to which integrative activities and technologies are utilized, for example 

collaborative procurement and contracting related procedures, teambuilding activities and 

a joint project office.  Finally, the depth dimension is dependent on the integration of 

different types of professionals at different hierarchal levels within each partner 

organization.  Due to the interdependences and interaction effects among different SCI 

dimensions, it is important to manage all four dimensions simultaneously and 

systematically and not one by one in isolation (Eriksson 2015).  Integrative activities and 

technologies (strength) must thus be implemented together with the right companies 

(scope), at the right time (duration) and with the right people involved in the companies 

(depth). 

METHOD 

The research that underpins this paper involves a multiple-case study of three railway 

maintenance contracts procured and managed by three different divisions of STA: one in 

the northern part of Sweden, on in the middle and one in the south.  The research 

approach is qualitative and the empirical material is created during interviews with 

representatives from client and contractor.  This approach enabled the researchers to 

develop a deeper understanding of how project participants perceive the contract, 

collaboration and performance.  Each interview lasted between one and two hours and 

allowed for understanding the individual’s views and understandings.  When put together 

and analysed against the theoretical framework, the interviews provide a possibility for 

understanding patterns of behaviour and perceptions, hence providing a broader 

understanding. 

The three cases were selected based on geography (i.e. organizational spread) and time.  

It was perceived that it would be best if the contracts were signed approximately at the 

same time and were in late stages or recently have ended and that different divisions of 

STA had procured them.  Respondents were selected to represent at least the project 

manager from STA and a regional or site manager from the contractor (see Table 1).  All 

interviews were semi-structured and all but one were recorded.  One of the respondents 

did not want to be recorded and hence, careful notes were taken instead.  Most of the 

interviews were performed by two of the researchers in order to gain better understanding 

of the situation at hand.  The analysis began with mapping the empirics on collaboration 

in relation to the multi-dimensional framework by Eriksson (2015).  Hence, the findings 

are categorised based on duration, scope, strength and depth (see Table 2). 

Case Descriptions 

Case 1 is based on a railway maintenance contract in the northern part of Sweden.  The 

contract is a Design-Build contract with an incentive mechanism.  The incentives focused 

on reducing overall train delays.  The idea was that the contractor should work more 

proactive than reactive.  The contract was initiated in 2011 and had a duration of 5 years, 

with an option for additional 1+1 years.  In this specific contract, the two option years 

were accepted by STA and the contract ended after 7 years in 2017.  The contractor was 
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initially a joint venture between two contractors who planned to gain benefits by 

collaborating.  However, one of the contractors faced problems and the contract was 

renegotiated and the other contractor took over the whole contract.  Factors contributing 

to additional complexity in this contract were winter conditions with a lot of snow and the 

joint venture that didn't work out as planned.  In addition, there are only a few contractors 

active in the northern part of Sweden. 

Case 2 is based on a railway maintenance contract in the middle part of Sweden.  The 

contract is a Design-Build contract including a partnering approach.  The partnering 

approach involved a start-up workshop where the client and contractor defined common 

goals.  During the rest of the contract these goals should then be evaluated to make sure 

they are fulfilled.  It was initiated in 2013 and has a duration of 5 years, with an option for 

additional 1+1 years.  In this specific contract, one of the two option years has been 

accepted by STA and the contract is still on going.  The contractor is the same contractor 

who took over the whole contract in Case 1.  Factors contributing to additional 

complexity in this contract are the high traffic intensity on the infrastructure. 

Case 3 is based on a railway maintenance contract in the southern part of Sweden.  The 

contract is a Design-Build contract including a partnering approach, the same as in case 2.  

It was initiated in 2011 and had a duration of 5 years, with an option for additional 1+1 

years.  In this specific contract, both option years were accepted by STA and the contract 

ended after 7 years in 2018.  Factors contributing to additional complexity in this contract 

were the old and fragile infrastructure. 

Table 1: Interview Data 

Role Organization  Case 

Project Manager STA, North 1 

Procurement Manager STA, North 1 

Regional Manager Contractor 1a 1  

Project Manager STA, Middle  2 

Regional Manager Contractor 1b 2 

Supervisor Contractor 1b  2  

Project Manager STA, South 3 

Procurement Manager STA, South 3 

Site Manager Contractor 2 3 

FINDINGS 

In this section, we describe and compare our findings related to collaboration in the three 

contracts, based on the four dimensions of SCI: duration, scope, strength and depth. 

Duration - Time for Collaboration 

From a formal contractual perspective, the duration of collaboration is rather long, since 

the contract period is five years followed by one plus one year as option.  The argument 

for five-year periods, according to the client’s project managers in Case 1 and Case 2, is 

that shorter periods are problematic for contractors because of their investments in 

machinery, personnel and equipment and longer periods would hamper the client’s 

flexibility.  The criteria for if an option year will be used or not is based on the client’s 

project manager’s perception of the contractor’s delivery. 
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Option? Well, it has to do with if you are satisfied with the delivery or not.  I would say it is 

based on gut feeling (Project Manager, Case 2). 

However, the duration of collaboration is not mainly dependent on the formal contract 

period.  Railway maintenance is a continuous process and does not have the construction 

project characteristics, including a definite start and end.  Infrastructure assets and 

personnel are not temporary, but continuous.  For example, the contractors that won the 

contracts in Case 2 and Case 3 were the same contractors as in previous contracts and, 

especially important when it comes to collaboration and expert knowledge, the key 

personnel remained mostly the same. 

Yes, it was the same contractor as in the previous contract who won the new contract and it 

is the same persons…We know each other well, we have camped together in many 

crises…and thanks to their experience of the infrastructure, their asset knowledge and local 

awareness, they can do a good job(Project Manager, Case 2). 

This show that duration have an informal relational dimension that in some cases (for 

example Case 3) is very long - 14 years or longer.  In addition, duration also has a 

geographical, or physical, dependency.  The infrastructure, i.e. the railway, is built many 

years ago and will remain at the same location for many years to come.  When a new 

contractor wins a contract, personnel usually switch employer, from the previous 

contractor to the new one, while continuing the maintenance work on the same 

infrastructure.  This way, the name of contractors might change from one contract to the 

next, but the key personnel - and the relationships between client and contractor 

representatives - often continues.  This is how expert knowledge about the infrastructure 

is developed over time. 

When personnel switch employer, they bring the tacit knowledge with them (Project 

Manager, Case 1). 

To conclude, duration as time for collaboration in railway maintenance has less to do with 

the formal contract period and more to do with informal relations and physical closeness.  

The duration of collaboration may therefore be very long, far exceeding the contractual 

period of 5-7 years, at least at the individual level. 

When we lost the tendering, our contract manager meets with the contract manager of the 

new contractor, just to sort out the terrain and personnel situation.  We do not stand in the 

way for anyone who wants to change employer (Regional Manager, Case 1 and 2). 

Scope - Nature and Number of Collaborating Companies 

The scope dimension includes the nature and number of actors or companies involved in 

collaboration.  In the three studied cases, the scope of collaboration is rather limited as the 

contract is only a matter between the client and contractor.  No other actors or companies 

are directly involved.  However, all three contractors use sub-contractors to perform 

maintenance work and contractor representatives mention the sub-contractors 

occasionally during the interviews, for example when time in track is mentioned (e.g. the 

time when there is no traffic and maintenance work can be done).  The contractor’s 

supervisor (Case 2) also raised the issue of including the sub-contractors more in the 

collaboration because of the importance of keeping them and their specific expert 

knowledge.  Motivating them to stay in the business of railway maintenance and not 

change to other jobs, is perceived as very important, especially since there is a perceived 

shortage of experienced personnel. 
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Strength - Degree of Collaboration 

The strength of collaboration is heavily dependent on the extent of collaborative activities 

and technologies used.  The question of applying partnering arrangements or not seems to 

have been up to each project manager but there also seems to have been a wide spread 

scepticism towards a partnering approach. 

It was optional to work with partnering at that time.  Now it is mandatory.  It was up to the 

project manager…Several project managers, at least on maintenance, were sceptic toward 

partnering.  Many of them don't like that way of working because they only see it as 

additional work that don't give anything back (Procurement Manager, Case 1). 

However, both Case 2 and Case 3 are procured as partnering contracts including the 

ambition to collaborate more extensively.  Both contracts began with engaging an 

external partnering facilitator and having joint workshops but these collaborative 

activities did not continue for very long. 

We began the contract with rather high ambitions, saying that this time it will not be only 

empty words and we had a workshop and a kick-off.  But it faded away almost directly 

(Project Manager, Case 2). 

Representatives of both clients and contractors explain that they already know each other 

and have long-term relationships.  Hence, collaborative activities and technologies are not 

perceived important.  They have their regular meetings and reach each other by phone 

when needed.  Also, they use inspections to gain understanding of the infrastructure 

condition.  Case 1 used an incentive model that turned out to be a complicated history 

(Regional Manager, Case 1).  The incentive model was aimed to drive innovation and 

performance but was perceived by both client and contractor as too complicated. 

It has worked but it has been difficult to interpret and it is hard to read in STA systems… 

(Regional Manager, Case 1). 

The infrastructure is old and fragile in Case 3, which makes it difficult to decide on the 

infrastructure condition.  This has made the client, contractor and user (i.e. operator) to 

initiate joint study visits to gain a better understanding of the condition and to include the 

user’s perspective.  Even though these safety rounds were first considered as a waste of 

time, it gave the contractor a broader perspective on safety issues. 

The Depth of Collaboration - Type of Processionals 

When different professions and roles collaborate, the depth of collaboration increases.  In 

the case of railway maintenance, the depth varies between the procurement process and 

the execution of the contract.  During procurement, the client’s procurement managers 

and technical specialists, including the client’s project managers, collaborate internally in 

order to prepare requests for proposal.  Contractor representatives then collaborate 

internally in teams in order to develop their bids.  Then, during execution, client and 

contractor representatives collaborate during regular construction meetings and there is no 

direct collaboration between the client’s procurement manager and client’s project 

manager during contract management, unless there are problems and disputes. 

No, not any collaboration [with procurement] after signing of contract (Project Manager, 

Case 2). 

The professionals that collaborate during contract management are the client’s project 

manager including a project engineer and the contractor’s site manager including 

supervisors and technicians.  Hence, the contractor usually has numerically more 

representatives at the meetings than the client.  The imbalance of the client and contractor 

sides of the collaboration is something that one of the client’s project managers has raised 
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as a concern, especially when it comes to negotiations.  To conclude, the depth of 

integration is limited to a few professionals and there seems to be little, or no, 

collaboration internally between those who manage the procurement and those who 

manage the contract. 

Table 2: Mapping of the four SCI dimensions in the three contracts 

 

DISCUSSION 

Research on partnering (e.g. Eriksson 2015) argues that all four dimensions of SCI are 

needed in a successful partnering approach and since the dimensions are interdependent, 

they need to be combined in order to achieve successful inter-organizational collaboration 

and facilitate innovation.  Our findings indicate that duration and strength are the two 

most developed dimensions in the studied contracts, while scope and depth are 

dimensions less developed.  The lack of scope might hinder innovation when relevant 

sub-contractors are not included in collaborative activities.  Also, the lack of depth, 

exemplified by the lack of internal collaboration between client personnel (e.g. 

procurement management and project management), is a potential hinder for development 

and innovation because of difficulties in implementing gained knowledge and experience.  

The lack of human resources at the client side also creates an imbalance that reduce the 

collaboration strength; there are few people at the client side for the contractor to discuss 

and collaborate with.  Furthermore, while long-term relations support collaboration 

strength, they might also be a hinder for developing new ways of working (i.e. for 

innovation).  Findings thus indicate that all four dimensions of SCI were not addressed in 

the studied contracts.  In addition, comparing the findings to the framework on partnering 

in maintenance contracts, developed by Olsson and Espling (2004), confirms that neither 

the general partnering recommendations, nor the special partnering requirements in 

maintenance were implemented in the studied contracts. 

To conclude, our findings indicate that collaboration in the studied contracts is supported 

by informal long-term relationships based on physical dependencies rather than a formal 

collaborative procurement approach, as recommended by Eriksson (2015).  
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Representatives from the client and contractor know each other well after having worked 

many years on the same infrastructure.  This stability in personnel and expert knowledge 

can be understood as a way to keep expert knowledge but it can also be a hinder of 

innovation.  Findings thus indicate that railway maintenance contracts procured in the 

period 2011-2013 are procured in a way that sustains industry norms and traditional ways 

of working rather than driving innovation and performance. 

CONCLUSIONS 

The aim of this paper was to explore public procurement of railway maintenance, with a 

particular focus on how collaboration and innovation in railway maintenance is supported 

or hindered.  Mapping empirics from three cases with the four dimensions of SCI 

(Eriksson 2015) provides a deeper understanding of what supports or hinders 

collaboration and innovation in railway maintenance contracts.  This understanding 

contributes to procurement research, in particular on procurement of maintenance.  

Findings indicate that the duration-dimension is especially central in maintenance 

contracts, both due to the formal length of contracts and the informal relationships at the 

individual level.  Hence, when analysing maintenance contracts, the aspect of informal 

relationships on the individual level need to be added to the SCI framework developed by 

Eriksson (2015).  An important practical implication of our findings is that the lack of 

human resources in the client organisation hampers collaboration depth and in turn 

collaboration strength, because the contractor staff doesn’t have sufficient amount of 

people to discuss and collaborate with.  STA has recognized this shortcoming and in 

future collaborative contracts more human resources will be allocated. 

The identified lack of collaboration and integration in railway maintenance contracts, 

indicate challenges to drive innovation in railway maintenance by applying established 

collaborative approaches.  Our findings thus indicate that established project partnering 

and SCI frameworks don't fit well with the special characteristics of railway maintenance 

contracts and that there is a need for more research on how procurement of railway 

maintenance should be performed to achieve much needed innovation and increased 

performance. 
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