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[bookmark: _Toc73618523]ABSTRACTEven though construction logistics is an important phase of the construction industry, it is one of the most challenging one. Communication and collaboration are seen as two of the most vital elements in achieving a successful construction logistics plan. The construction logistics is an emerging topic being studied and discussed. However, there is less studies about the communication part of the construction logistics. Therefore, this study has been conducted to identify the connection between communication and logistics and its biggest problems that the construction industry is currently suffering from. Furthermore, it is also investigated how digital systems can contribute to a simplified construction logistics and improved construction logistics communication. The study was conducted through an abductive method that linked literature and the interview study. The study shows that communication problems in construction logistics are primarily the result of inadequate planning. It is vital that construction logistics communication is included in the planning process. The fact that the building industry is reluctant to adopt new methods and solutions does not make it any easier for further development. 
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[bookmark: _Toc73618526]Introduction
The opening chapter provides a context to the research and describes its background, aim, and criteria that will affect the direction of the study. The framework for the paper is eventually presented.  

0. [bookmark: _Toc73618527]Background

According to Carlsson and Josephson (2001) knowledge transfer between various actors in the construction industry has a mutual shortcoming. In a project, the costs of duplication of work due to a lack of coordination are substantial. To achieve a personalized result for the customer, coordination between various actors in a construction project is an essential and efficient operation (Carlsson and Josephson, 2001). Current studies have been released to demonstrate that the issues are logistics-related (Basharkar, 2015).

Although construction logistics is a vastly significant phase in today’s constructions, it is one of the main challenges faced in the constructions industry. According to Sundquist (2020) there is a lot of challenges in logistics planning and logistics management that result in extensive waste of about 35%. Part of that percentage there is a significant damage of goods, theft and loss of materials that result in increase of the project costs, decrease of quality in the construction, lowered efficiency and poor sustainability. 
Previous construction logistics research has specifically concentrated on the advantages of third party logistic-based (TPL) production, how construction logistics are managed on construction sites, and how construction logistics can optimize construction production (Hulthén, Sundqvist, Gadde, & Eriksson, 2017). However, the communication in construction logistics has seen less prioritizing and is therefore not investigated to the same extent. In her article, Bengtsson (2019) concludes that when applying organized construction logistics, engagement, collaboration, and communication are vital elements. Darvik and Larsson (2010) supports this theory by stating that the main reason for deliveries being late is lack of communication between logistic companies, suppliers and construction companies.
To achieve improved communications through the logistics chain, technological solutions can be used between the different parties of a project. An example of a technological solutions could be Myloc for instance. Myloc assists construction companies in keeping track of their information, flows, and costs through activity-based logistics (Myloc, n-d). By using Myloc, potential benefits such as is lower construction costs, less administrative work, lower risk, higher control of supplies and better environmental impact can be granted to the construction logistics (Myloc, n-d). Myloc is described further in the theory section.

Janné (2020) claims that communication is one of the biggest sources of several problems at the construction site. It is therefore important to examine these issues as it notably affects savings, planning, damage, resources and more. Since communication and collaboration in construction logistics is relatively untouched topics, the study aims to recognize the challenges and opportunities for the potential development in construction logistics in the future.

[bookmark: _Toc73618528]Purpose
The purpose of this thesis is to identify and investigate problems with communication in construction logistics and examine what development opportunities exist to improve communications within the construction logistics. Furthermore, the use of digital systems will also be examined in this thesis. To fulfill this purpose a set of research questions has been formulated below in subsection 1.4.

[bookmark: _Toc73618529]Delimitations
As the construction industry and the approach to a construction project differ greatly in different countries, the focus of this thesis is going to be towards the Swedish construction industry. The logistics process is a major one with several parts including, therefore this thesis will only aim towards investigating the problems in communication and collaboration.


[bookmark: _Toc73618530]Research questions

· What does the connection between communication and logistics look like today?
· What are the most challenging problems in construction logistics that can arise from poor communication?
· What digital solutions are there today and how are they used?
· What digital solutions would need to be developed to improve communication?






















[bookmark: _Toc73618531]Methodology
This chapter presents the method used for making this thesis. The focus here is to question every decision that was taken during the thesis and explain to the reader why these decisions were chosen. In order to present a credible master thesis, several steps have been taking into consideration to make the thesis trustworthy for the reader. The subject of the thesis has been selected since there is a major problem in communication in construction logistics.

Qualitative approach is going to be used as the thesis is focused on literature reviews and interviews with interested people in the topic to obtain evidence from a range of outlets, as the report's emphasis on logistics is emerging both in reality and in science. For the analysis, the qualitative approach is selected to be flexible, to be able to examine data more thoroughly and to discern trends and expectations of individual studies. This thesis is going to use an abductive approach in which theoretical experiments and data collection are carried out simultaneously across parts of the research. In realistic terms, this means that work for the research can move from week to week with data collection in the first week and then focus the second week on empirical interviews and then on theory in the next week.

The course ACE130 provided a lot of information about construction logistics and how much of the errors that actually occur in construction logistics were due to communication. The course also showed how communication is lacking in logistics. This aroused interest in a study which resulted in the choice of the subject for this work.


[bookmark: _Toc73618532]Literature studies
As the research in the subject is very limited, it was difficult to find relevant sources for writing the theory part. Therefore, a lot of time was spent finding credible sources. to start off the literature study. There were also multiple internet platforms used to find these sources such as Google Scholar, Chalmers Library, Diva-Portal and Scopus. Keywords used in order to find articles were construction, logistics, communication, strategies, technological solutions, third-party-logistics, just-in-time and collaboration. The keywords were used several times in different combinations to broaden our hits. Although all the hits were not relevant for our thesis, an analyzation was made for each of the thesis used. When choosing articles, the focus was to find and use scientific articles and articles used in previous courses, such as ACE130 Construction logistics and supply chain management, at Chalmers technical university, which was chosen by our teacher. This was made in order to try and raise the credibility of this thesis. To increase the collection of information on the subject, books were also used. The books that came into use described communication in the construction industry, especially construction logistics. Other books were also used to develop the right method for conducting the study.

The articles were analyzed by first reading the title and then the abstract to determine if there was anything interesting that could be related to the problem formulation for this thesis and then to compile a good literature review. If the title and abstract aroused interest, the reading of the article was deepened. To filter out irrelevant articles, quote characters were used when searching. Even though the quote-method helped with finding articles, there were still some articles that were not relevant to this thesis. The most common search performed was "Construction logistics" - "communication". In this way, only articles that discussed topics of communication on construction logistics appeared. This search gave us a hit of 2340 articles, which may seem like much but the majority of the articles were not relevant for this study. Due to this, articles were selected carefully and a lot of time were given into finding the appropriate facts for the literature study.

[bookmark: _Toc73618533]Interviews
Interviews were made in a semi-structured way in order to get more of a discussion with the interviewee. Semi-structured interviews contain of some structured questions followed by a few unstructured supplementary questions (Kvale, 2009). A semi-structured interview approach allows the interviewer more leeway to ask questions because the questions are not required to follow a rigid format and the interview becomes more receptive to follow-up questions (Bryman & Bell 2005). The interview method was chosen in order to be able to conduct a dialogue in a simpler way with the interviewees, who all have different knowledge and experience of the subject that concerns construction logistics and communication. The interviewees thus open up more easily, which provides a larger basis on which the analysis can be deduced (Darmer & Freytag 1995). Since most of the interviews were conducted with Swedish people in the construction industry, the more natural option was to conduct the interviews in Swedish. However, one of the respondents were only able to speak Danish or English with us therefore that one interview was conducted in English. Thereafter, the interviews were transcribed and translated into English before it was added to the empirical part.

0. [bookmark: _Toc73618534]Selecting interviewees
During the interview phase of the thesis, 52 different people from different parts of the construction industry were contacted who were considered relevant for questions regarding construction logistics. An email template (see appendix) was arranged for an initial contact via email, there was also telephone contact occurring.

The interviewees chosen for the thesis came from different construction companies and organizations to be able to present results from different viewpoints in the construction industry. In the interviews, people with different areas of responsibility in construction logistics were used. By using different interviewees in different parts of the supply chain, a clearer and broader picture of what the construction logistics look like today was given and how the different interviewees look at the issue from their different standpoints. 

The selected respondents came from well-established construction companies as well as suppliers, third-party logistics companies and one logistics expert at Chalmers who possesses a lot of information about the construction logistics. Although interviewing smaller construction businesses was preferred and could have contributed to a wider aspect to the subject, there was complication in finding relevant respondents in smaller companies. The respondents are presented in a table on the next page.

0.0.1 [bookmark: _Toc73618535]Conducting interviews digitally
The interviews were conducted via digital two digital platforms, Microsoft Teams and Zoom. The options to use either platform was given to the interviewee before the appointed time of the interview. One interview was made through email contact where the questions were sent to the interviewee and answers were sent back to us. The reason why interviews were conducted through digital systems were because of the current global situation regarding the pandemic of COVID-19. The use of digital systems facilitates in time, which made it more efficient as it did not require travel to every company and have the interview on site. Since the distance between the two authors is about one and a half hour, the use of digital interviews was greatly appreciated. 

0.0.2 [bookmark: _Toc73618536]Selecting interview questions

Because the study was limited in time to be held during a semester, it was therefore important to come up with research questions that were not too broad. Therefore, several questions were chosen that were considered specific to the topic but also very narrow in their size. The amount of questions that was chosen is four. After that, relevant questions for the interview could be easily formed, as the interview questions would touch on the main questions in the study and at the same time touch on the facts that were gathered in the theory chapter.

The interview questions are based on the literature study where the intention was to question the information in the theory to get an idea of what it is like in reality. The questions that were chosen touched on the chosen problem statement for this thesis, at the same time as the questions were also open for discussion where there was an opportunity for follow-up questions. Although specific questions were chosen to ask during the interview, follow-up questions could also be asked of the interviewee. These were not predetermined questions, but became very spontaneous. A template with 12 questions was made (see Appendix) where the questions were adapted to the person and their area of expertise.



	
	Name
	Company/Organisation
	Job Title
	Refered in text as

	
Interview 1
	
Petter Wadmark
	
AFRY
	
Supply chain specialist
	Supply chain specialist at AFRY

	
Interview 2
	
Tobias Larsson
	
Bygg Sjögren
	
Project manager
	Project manager at Bygg Sjögren

	
Interview 3
	
Max Allström
	
Skanska
	
Operation manager
	Operation manager at Skanska

	
Interview 4
	
Rasmus Linge
	
Veidekke
	
Production developer
	Production developer at Veidekke

	
Interview 5
	
Jonas Boy
	
Sydsten Betong
	
Area manager
	
Area manager at Sydsten

	
Interview 6
	
Viktoria Sundqvist
	
Chalmers University
	
Logistics expert
	Logistics expert at Chalmers University

	
Interview 7
	
Patrik Lindgren
	
Bygglogistik
	
Business manager
	
Business manager at Bygglogistik

	
Interview 8
	
Roland Sisseck
	
Fm Management
	
Logistics coordinator

	
Logistics coordinator at FM Management

	
Interview 9
	
John Johansson
	
Thomas Betong
	
Haulage Manager
	
Haulage manager at Thomas Betong



	Comment by Ahmed Yasin: Namn till tabell
Table 1: Compilation of interviewed respondents 


[bookmark: _Toc73618537]Methodological limitations
The method chosen for this study clearly have some limitations as all methods have negatives and positives. Although the qualitative method entails several advantages with the interviews in this dissertation, there are still several disadvantages that limit and may determine the result (Larsen, 2018, p.36). The downside that comes with the qualitative interviews is that the result cannot be generalized. There is also a risk that the interviewees can lack the courage to be honest or may react according to what they believe is right. Another downside is that it can take more time to compile a qualitative survey than a quantitative one as there are no predetermined answers which can then be easily categorized (Larsen, 2018, p.37). 

At first, the idea was to collaborate and write the thesis on the chosen subject at a construction company. There was contact with several companies where we pitched the idea. The planning report was found interesting but the companies chose to move on with others. Therefore, a change of plan was made to be able write it at school instead of doing it for a company. This, in combination with the current pandemic with COVID-19, minimized our chances of doing a case study at a project. However, the negative aspect of doing a case study internally at a construction company is that the scope becomes very narrow-minded and therefore the viewpoints of other companies and actors cannot be taken into account. Because the information was aimed at examining the information sharing between parties and actors in the construction logistics, the chosen method was considered most appropriate. 






[bookmark: _Toc73618538]Theoretical part
This chapter features theoretical studies in construction logistics, communication and collaboration to create a better understanding regarding the problems in the subject of this thesis. 
[bookmark: _Toc73618539]Logistics
Logistics requires implementation, preparation, monitoring, and management of quality in material flow and administrative flow, including flow from supply to distribution to customers, as well as return flow, in order to reduce costs and improve customer service (Council of Supply Chain Management Professionals, 2010)

Sullivan, Barthorpe & Robbins (2010) states that logistics is based on the military need to monitor the movement of different resources, such as ammunition, food and fuel in large quantities to meet specific necessities during various ongoing or expected attacks. Logistics was something that was valuable, important and useful during World War II. The view of logistics during the World War II was that it was valuable, useful, important and had a positive impact. 

As of today, logistics has become a consideration that many transportation and production companies consider, for the simple reason that logistics helps a company improve its productivity. Due to the logistics being wide-ranging and including all products or materials from conception to completion, there are many different names for the different divisions. This group consists of various branches including transport logistics, production logistics, and third-party logistics (Sullivan, Barthorpe and Robbins, 2010).

During the 1980’s logistics were defined by Shapiro and Heskett (1985) as the seven rights. Today it is viewed as a classic and well-defined interpretation of logistics. 
Logistics is characterized as the activities that have to do with obtaining the right product or service in the right quantities, in the right condition, at the right place, at the right time, for the right consumer, at the right expense.
[image: ]


Figure 3.1.1: The seven rights of logistics
[bookmark: _Toc73618540]Construction logistics

. In other terms, the targets are to generate value in the production process for the end-consumer and to reduce costs (Borges da Silva & Ferreira Cardoso, 1999). Clausen (1995) argues that construction logistics includes the planning, organization, arrangement and monitoring of the material flow from the acquisition of raw materials to the integration into the completed building.

Borges da Silva & Ferreira Cardoso (1999) further states that in a construction company, logistics features may be categorized into supply logistics and site logistics.  Supply logistics are related to supply resources, planning of supplies, distribution to and off the site, management of storage stock and other activities that are periodical with the production process.  Site logistics are associated to on-site physical flow management, coordination and control. This includes overseeing on-site processes of handling tools, protective facilities, site configuration, determining the schedule of tasks and resolving interference between development teams.

Segerstedt and Olofsson (2010) argued that the construction industry falls short with regard to other industries. A few scholars have addressed these logistical issues at the constructions sites. Almohsen and Ruwanpara (2011) concluded that one of the most apparent causes of lost efficiency in construction logistics is "bad material, machinery, and tool management". Agapiou et al. (1998) identified significant impediments that have a detrimental effect in this regard. Building materials need a significant amount of storage space, which is very rare to find on the construction site. The conditions of material storage often result in destruction due to water intrusion and passage of persons and equipment. Materials that may not meet requirements can be delivered and then returned, creating assembly disruptions. Furthermore, some materials may be imported at the wrong time in the process, resulting in shortages, while other materials may be purchased in large quantities, resulting in waste.

These factors have significant economic impacts. Strandberg and Josephson (2005) discovered that 15% of construction workers' average work time was spent transporting equipment and materials to assembly areas. According to Josephson and Saukkoriipi (2005), waste accounts for 30–35 percent of the cost of production in the construction industry. Additionally, they found a poor degree of equipment efficiency on-site. Ying et al. (2014) concluded that the absence of systematic and consistent sourcing processes forced site workers to contend with disparate formulas for unloading, ordering and handling goods.

According to Ying et al. (2014), poor preparation is a significant cause of logistics issues. The handling of important logistical resources was limited in the project they examined. Occasionally, materials and products were delivered with just ten minutes' notice. As a result, site administrators were forced to form ad hoc teams to unload supplies, resulting in scheduling problems and ineffective unloading. Additionally, goods delivered in this manner often needed extra handling to reach assembly areas or workstations. Generally, the majority of construction supplies before being transported to the designated assembly area, the materials are placed in storage facility on site. Thunberg and Persson (2014) reported the issue with distribution systems by stating that less than 40% of overall supply to a construction site was transported and delivered in the correct quantities, on schedule and in the correct place, without damage and with proper documentation. Behera et al. (2015, p. 1337) identified significant issues as a result of unsatisfactory interfaces between material suppliers and contractors, including "delivery schedule deviations, incorrect and faulty orders, lengthy storage times, inconvenient packaging, and massive deliveries”. 

[bookmark: _Toc73618541]Just-in-time
Just-in-time (JIT) is a way to streamline deliveries and the aim is to bring the right materials to the right place at the right time (Hansson, Aulin, Landin, Olander, Persson, Persson, 2017, p 519). By implicating JIT production gets regulated and pushed to order in the processes. Waste decreases and lower physical workload is given to the workers but also less stress and less bearing surfaces. What’s of great value is that the construction workers are granted the chance to focus on the role they are qualified on, i.e., to assemble correctly, instead of wasting time moving materials (Josephson & Saukkoriipi 2005, p 16). 

Hansson et. al. (2017) claims that JIT often will contribute to higher expense due to more transport routes as well as the collective discounts at purchase of bigger volumes cannot be utilized for purchases. Furthermore, Hansson et. al. (2017) explains that the time the contractor saves is just transferred over to the supplier.

[bookmark: _Toc73618542]Transportation and material flow

In order to provide an effective material and transport movement, everybody on the building site must know when the work is to be finished, and what time the work is to be done. When a new subcontractor turns up on-site, it is important to ensure that they understand the proper protocols. In order for the working method to be successful, anyone who is involved must imagine and repeatedly execute the working method. Knowledge goes out to those concerned, as the visualization of building logistics gives insight into the layout of the construction site. Setting up clearly marked signage and equipment that are available to all workers at the construction site results in improved productivity in the areas of transport and material movement. To offer an example, inbound, outbound, and through roads and storage areas should be delineated so that separate deliveries can navigate their way to the same location more conveniently (Boverket, 2009). By developing a visualization of the positions of each tontool/machine, the project becomes more effective, which, in turn, makes it easier to distinguish anomalies (Hamon & Jarebrant, 2007).

[bookmark: _Toc73618543]Delivery times
The aim of any construction project is to complete it on schedule and within budget while maintaining the specified level of quality (Ekeskär and Rudberg, 2016). The building industry produces end goods from a large quantity of materials that must be transported to the construction site (Lindén and Josephson, 2013; Thunberg and Persson, 2014). As a result, the building industry is highly reliant on materials coming on-site when they are needed (Josephson and Saukkoriipi, 2007; Lindén and Josephson, 2013).

The construction process's effectiveness and efficiency are highly dependent on the communication quality (Hoezen et al., 2006). Lundesjö (2015) argues that communication is of great importance when planning logistics in the construction industry, which also includes information sharing about loading space and delivery routes for subcontractors and suppliers. further, it is written that structure, digital support, standardization and communication is lacked from the delivery plan. 

Each stakeholder and activity within a construction project is interdependent. Sometimes, activities must be completed in order, and if one task is postponed, the other tasks will be delayed as well (Dubois and Gadde, 2002). Similarly, installers and staff want supplies to be on hand, and if orders are postponed, it can have a great impact on the project.


[bookmark: _Toc73618544]Communication within construction logistics

Construction project logistics is one of the most important aspects of the project. Delivery and handling of materials are also crucial for how it affects the progress of the project. If the material is delivered to a construction project at the wrong time or place, it can result in several problems. Problems that could arise can increase construction costs, reduce productivity, and extend the construction timeline. Different tracking programs are therefore used to mitigate the risks that may arise during the movement or handling of materials. This software is an excellent asset and necessary for a successful construction project management (Song, Yoon and Chin, 2007).

[bookmark: _Toc73618545]Challenges with communication within construction logistics

For efficient construction processes, short project time at lower cost is needed, along with good coordination between the involved actors. Furthermore, it is written that future building procedures need more informal communication (Carlsson & Josephson, 2001).

In a construction project, several actors are usually involved, the most common actors being the client, designers, construction contractor, subcontractor, material supplier and manufacturer (Cheng et al., 2010). Logistics integration becomes more difficult because of the many people who are involved (Briscoe & Dainty, 2005). Effective communication and knowledge exchange is seen as an essential connection between the project's external players, as project risks rely on the quality of communication. When buying supplies are purchased, manufacturing feels underappreciated, which effects the supply chain and construction site production (Thunberg et al, 2017). Furthermore, Thunberg & Persson (2014) argue that only 38% of all goods are shipped damage-free, in the right amount, to the right location, at the right time, with all the right documentation. 

In the construction site, communication is a challenge to deal with. It is likely that there are several signs that the communication problem is occurring because projects are becoming increasingly complex, but it is also possible that relationships within the industry is changing (Emmitt & Gorse, 2003). Even though poor communication has been documented, new buildings are still being constructed. “Despite the fact that there are misunderstandings, communication does take place" (Sullivan et al., 2010).

[bookmark: _Toc73618546]Communication strategies

Sullivan et al. (2010) argues that to succeed with communication in construction logistics, it is necessary that communication takes place on several levels. Sullivan et al. (2010) means that the most important thing is that the dissemination of information must take place quickly, as those involved must stay up to date on what is happening, at the same time as drastic changes can take place within the construction phase.

There are three key channels for communication, according to Tonnquist (2014): electronic, written, and physical. For instance, both in construction and in all its processes, a mix of these channels is typical, such as the physical occurs in discussions, the electronic in communication via email, and the written via documentation in drawings or protocols. Also, Tonnquist (2014) claims that it is necessary that everyone involved is aware of all the various advantages and disadvantages of all the communication channels, because then there will be less confusion and misunderstandings that could lead to losses.

In a study done by Sullivan et al. (2010) the communication flow is defined as including organized meetings that encourage stakeholders to remain up to date with the latest changes. Sullivan et al. (2010) describes that every day is different, often meetings need to be longer and may necessitate the use of a whiteboard, and sometimes they need the meeting be fast and sharp. According to Sullivan et al., logistics meetings occur more often around 3 p.m. Furthermore Sullivan et al. (2010) claims that this is where the different supervisors and managers involved will get an idea of what has been done during the day and use the knowledge to carry out preparations for the day after.

Sullivan et al. (2010) contend that many things can change at the construction site, which is why it is critical to compile all the important information for the stakeholders. The stakeholders get the important information and asks questions. In general, the questions concern supplies and deliveries. Site managers, and supervisors are the ones that usually answers these questions because they are the ones that extend information in real time.




[bookmark: _Toc73618547]Technological solutions to improve communication
It is difficult to conclude that a digital planning platform by itself would make a significant impact on a building site, but it can be used as a gateway to large project efficiencies. Growing the integration of subcontractors and suppliers was commonly thought to be the most challenging aspect of implementing SCM in construction production (Thunberg, 2016). According to Lundesjö (2015), the client is often aware of the value of logistics and the effect that insufficient logistical planning may have on the final price and quality of the project. Consequently, the construction industry's logistics must keep up with the emergence of new technologies and trends such as building information modelling, BIM, and other IT solutions. 

Eastman et al. (2011) explains that the use of BIM is critical since achieving such an element solution using traditional 2D construction approaches is nearly impossible, particularly as projects grow increasingly complex. According to van Ee (2020) the 3D Site Layout Planning Model has been found to aid in the interpretation of the active construction site's possibilities and limitations, as well as the development of logistics plans. Despite the fact that technology processes today are continuously evolving and evolving rapidly, the building industry seems to be reluctant to adopt digital tools and solutions (Hagenbjörk, 2014).

Digital cloud-based platforms are one of the new solutions for logistics which is also applicable for the constructions sector. Myloc Construction is one of these digital solutions that offers the customers a wide range of services and packages in their framework. In order to create more efficient construction projects, Myloc provides a platform that coordinates all parties involved. With sharing information, flows, costs with all parties through activity-based platform, the logistics of the project can achieve less administrative work, higher control, lowered constructions costs and less environmental impact. Myloc calls it a logistics network where all the parties involved can work together in real time which creates opportunities for easier planning and a more efficient production. There are several processes in the logistics network such as material planning, delivery planning, terminal solutions, delivery reception, material locations and material consumption (Myloc, n-d).
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Figure 3.3.1: Myloc Cloud Service (Myloc, n-d)



Qlocx connects delivery locations, allowing deliveries to be made without the need to meet the courier. By simply adding one of the app-controlled remote locks on an optional door, the courier will be given a digital one-time key to the door to deliver the parcels. Qlocx also maintains track of what was delivered, where it was delivered, and who got it. This removes resource wasting, which is now mainly due to a lack of knowledge regarding the location of products (Qlocx, 2021).
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Figure 3.3.2 Qlocx digital system (Qlocx, 2021)


[bookmark: _Toc73618548]Material delivery problems in a case study
The information in this subsection is based upon Darvik & Larsson (2010) case study in their master thesis The Impact of Material Delivery Deviations on Costs and Performance in Construction Projects. “The Impact of Material Delivery Deviations on Costs and Performance in Construction Projects”. Only the most relevant parts of the case study that support the theory have been selected.

This section will compile delivery deviations one of Skanska's building case projects, Project A. The material groups examined were kitchen cabinets, sliding doors and kitchen equipment. Project A includes deliveries of kitchen-related products, such as kitchen cabinets, kitchen machines and sliding doors. In Projects A, the deviations that affect a product's quality, quantity, documentation and labeling, but also delivery time, were measured.
The list below presents each deviation and its definition:
· Deviations in time: Notes made when deliveries arrived earlier and later than agreed to the construction site.
· Deviations in quality: If the quality of the product differs from the agreement with the supplier or if the products are damaged during transport. Quality deviations also include all damages that have contributed to more time being spent. 
· Deviations in quantity: If the ordered delivery contains more or fewer components than agreed.
· Deviations in product: If no product or incorrect product has been delivered to the construction site than agreed.
· Deviations regarding packages and labeling: If products have been delivered with errors in the packaging or are not labeled correctly than agreed.
· Deviations in documentation: If the product was delivered with incorrect instructions manual.
Darvik and Larsson (2010) write that in this case a total of 198 deliveries have been measured. This study has shown at least one deviation in 87 of the 198 deliveries, this is shown in Figure 2.4.1. Darvik and Larsson (2010) have concluded that delivery deviations differ from deliveries without deviations. 

Figure 2.4.1. Illustrates delivery deviations and its average frequency Darvik & Larsson (2010).
Project A had 38 deviations in its deliveries, where 48% of all materials delivered on time, 63% had the right quantity, 76% of the deliveries had the right quality, number of correct delivered product was 68% and 81% of the deliveries came with right package and marking.

Project A – Material Delivery
Darvik and Larsson (2010) stated that project A is about a housing project with Skanska as the main contractor, which included the construction of 22 single-family homes. The project began in May 2009 and ended in April 2010. The total contract amount for the project amounted to approximately SEK 39 million, where approximately 40% of that cost was for the material. On average, the project had three production managers, six skilled Skanska workers and nine workers who came from subcontractors. 
During the project, a total of 38 deliveries arrived at the construction site with kitchen machines, sliding doors and kitchen cabinets. One manager had the task of logging time, quality, quantity, product and package and labeling for all deliveries. Deviations in documentation are seen as a major parameter in the measurement because kitchen appliances contain instructions for use for the end customer. For kitchen cabinets and sliding doors, the delivery time was stated as the date. If the delivery to the construction site took place at a time outside the agreed time, it was considered a time deviation. However, it was agreed that all kitchen appliances would be delivered within the agreed hour.
According to the measurements made in this project, 16% of the deliveries were error-free, while 84% of the deliveries showed at least one deviation, see Figure 2.4.1. The discovered discrepancies with the deliveries in the project resulted in more working time for management teams, subcontractors and construction workers. The total working time that had to be reduced was estimated at 80 hours, which was due to the delivery deviations.

Figure 2.4.1. Showing Project A and the frequency of delivery deviations Darvik & Larsson (2010).

Figure 2.4.3 shows the frequency of each deviation. The most common frequency was categorized as early deliveries. Time deviation was a majority when it came to the measured deliveries, where the main reason was late deliveries. It is stated that a contributing factor to the late delivery was lack of communication. Of all the delivered material, none arrived earlier than the agreed time. The supplier's lack of the material led to the wrong quantity being delivered to the construction site. Furthermore, it is written that incorrect packages and marking, of all deliveries, resulted in a deviation of 19% where the basic reason was incorrect marking of packages. Furthermore, It also states that errors in the supplier's production caused the deviations in quality. Regarding the documentation deviations, only measurements were made on kitchen appliances due to the fact that there were no other deliveries that contained operating instructions. Lack of control at the supplier lead to that two out of 14 deliveries lacked instructions/documentation for use.


Figure 2.4.3. Delivery deviation category and its frequency in project A Darvik & Larsson (2010).

Regarding all deliveries of kitchen appliance supply, all deliveries were made with deviation. After an analysis, it shows that about 64% of deliveries were delayed, which in turn caused waiting time for subcontractors. Regarding the quality, quantity and product deviations, it was measured at 36%. No delivery regarding kitchen utensils had any package or marking deviation. The major and most common reason behind product and quantity deviations was communication errors, while errors in the supplier's production led to quality deviations.
[bookmark: _Toc73618549]Collaboration within construction logistics

In supply chain management, collaborations are considered to improve service to the supply chain but at the same time reduce total project costs (Sandberg, 2005). The aim of collaboration between construction companies is to save time and money, but also to actively develop and grow a business. It is considered difficult to increase creativity by cooperation between interorganizers due to the loose connections between projects and companies (Dubois and Gadde, 2002).

Although supply chain management initiatives have improved efficiency in a variety of sectors, the implementation demonstrated that such benefits have not yet been recognized to the same degree in construction. These circumstances are clarified by the industry's unique characteristics (Gadde, Hultén & Sundquist, 2018). Due to the strong interdependence of businesses and tasks, the construction industry is considered to be more complex than other industries (Bankval et al., 2010). Mohamed and Anumba (2006) argued that supply chain practices are problematic because construction work has become more technically complex, suggesting a number of difficult engineering and management issues on-site. Additionally, the industry's fractured nature makes teamwork difficult (Fadiya et al., 2015). Numerous scholars have highlighted grave issues stemming from a lack of confidence and engagement among the participants involved in the processes. Briscoe and Dainty (2005), for example, discussed the implications of adversarial contractual relationships.  Gadde and Dubois (2010) addressed the negative consequences of a project-based approach and a competitive tendering culture.

Ahl and Johansson (2002) state in their study that the disadvantages that have emerged due to the use of third-party logistics are that the construction companies become dependent on the TPL companies. That there may be misconceptions about what services have been agreed upon is also not something that Ahl and Johansson (2002) hide under the chair. Furthermore, it is written in the same study that a lack of knowledge in building materials can result in goods and products being packed incorrectly and delivered to the wrong place. Ahl and Johansson (2002) believe that a longer collaboration between TPL companies and construction companies is required to build knowledge and trust in each other's operations. By letting a TPL company take care of even its own logistics operations leads to the construction companies missing the development and knowledge about logistics management.

Construction production requires extensive cooperation between contractors and suppliers, with coordination between them being directly related to the project's success. Numerous studies have demonstrated that enhanced communication and collaboration among construction site stakeholders can result in a more productive construction process (Audy, Lehoux, D'Amours, & Rönnqvist, 2010). The same study emphasizes that the construction industry's project-based working methods and complexity make it more difficult to standardize working methods for developing a project organization's communication.


[bookmark: _Toc73618550]Empirical part

The empirical part will start with a background description of the respondents and their organizations. Thereafter, the empirical evidence that arose from the interviews are presented in four different subsections that represents the research questions. When addressing the word communication, verbal communication is taken into consideration but also information flow and information sharing.

0. [bookmark: _Toc73618551]Background description

The different types of organizations and companies that participated in this study are construction companies, universities, consulting companies, supplier companies and TPL companies.

A construction company (Skanska, Veidekke and Bygg Sjögren) works with carrying out assignments in various parts of the construction process. These companies have partial or full responsibility for different areas of work. Contracting companies can be divided into main contract and subcontract. The main contractor takes responsibility for an entire construction project and can in some cases also handle all contracting work. Subcontracting is usually used to carry out work on specific work areas.

University (Chalmers University of Technology) has a industry interest group (CMB) that is active in helping the development of logistics in the construction sector with the help of research and business. The members of this group is industry representants and Sundquist (Logistics expert at Chalmers).

Consulting companies (AFRY and FM Management) have the opportunity to rent out various services to companies that lack the current expertise. The consulting companies can not only help design a construction together with a client in accordance with the client's wishes, but also design ADP plans and analyze logistics solutions in a project.

Supplier companies (Sydsten Betong and Thomas Betong) sell and hand over materials to the construction site. Suppliers are very important for many businesses. The supplier that sells the material doesn’t need to be the one that deliver it. They often procure haulage companies that takes care of the delivery for them. 

TPL companies (Bygglogistik) have their expertise in logistics and are hired to be responsible for the logistics functions at the construction site. The tasks that a TPL company can perform are coordination of transports and personnel, material handling and waste management.






[bookmark: _Toc73618552]Connection between communication and logistics

According to the supply chain specialist at AFRY, there is a high importance in having a dialogue and in having continuous communication throughout the project. The university logistics expert at Chalmers believes that communication is a central part of the construction logistics since the logistics includes several actors. She further describes that there is a distinction between internal communication within the company and external communication towards other actors. The production developer at Veidekke states that logistics is about the flow of information and how its handled. He believes that all parties involved in the construction logistics should have access to the correct information. The area manager at Sydsten also believes that the information exchange at the right time to the right person is crucial for the construction logistics. 

The business manager at Bygglogistik, the logistics coordinator at FM Management and the haulage manager at Thomas Betong  mentions that without communication, there is no construction logistics. Communication is seen as a key factor for an efficient logistics. Communication and information are what the business manager at Bygglogistik interprets as logistics and if a successful logistics plan is an aim, the key is communicating and informing. Further it is stated in the same interview that every parties involved needs to do their part for the construction logistics plan to work out. The logistics coordinator at FM Management also mentions that all the partners and workers involved need to buy into the logistics plan in order for it to be successful. This viewpoint is somehow shared by the operation manager at Skanska. He states that without the right communication strategies and methods, all the planning in the world will not help the logistics, which was mentioned by the logistics coordinator at FM Management aswell. The operation manager at Skanska also believes that a well-functioning collaboration is also required to make it work. 

Before FM Management makes a communication plan for the construction logistics, they start off by developing a stakeholder engagement plan in order to find out who the project affects. The stakeholders can be customers, suppliers, subcontractors, neighbours etc. Informing the stakeholders on what they’re doing, how they’re doing it and why they’re doing it is something of high importance to FM Management according to their logistics coordinator.

The project manager at Bygg Sjögren sees a great development potential in both communication withing the constructions logistics and in collaboration with the different actors involved. Although Bygg Sjögren is a smaller construction company, the project manager still mentioned the large number of intermediaries in the construction logistics. He views the problem with multiple subcontractors results in a more complex communication path since there is no clarity on who to contact regarding questions on the delivery. The business manager at Bygglogistik also mentions the large amount of intermediaries that comes from the different actors involved in a construction project. He explains that every entrepreneur involved in the project has their own suppliers which are in contract with different hauliers and all the haulage contractors have several chauffeurs driving the goods to the constructions site and that a logistics manager can therefore not achieve anything if every party is not participating in the construction logistics plan. 
	
In addition, the operation manager at Skanska indicates that a better interplay between communication and construction logistics can be a key to more efficient constructions. He believs that it is through better communication and collaboration that the key to good logistics lies. This aspect is also shared by many of the other respondents. The area manager at Sydsten believes better and more often dialogue with the customer can improve the efficiency in constructions logistics significantly. The production developer at Veidekke believes that better communication in combination with raising the productive ambition could be solution to some of the issues today. 

Furthermore, the university logistics expert at Chalmers believes that communication is where you have a lot to work on to increase efficiency. The business manager at Bygglogistik also believes that with better interplay between communication and logistics, the result can be a more efficient and preferable construction logistics overall.  Although the project manager at Bygg Sjögren have the same viewpoint on the matter, he explains that they do not dare to order JIT deliveries since they believe it doesn’t work in practice. Instead, they want the deliveries a day before or a couple of hours before. If it were a reliable delivery system that they know would work most of the time, they would have ordered the materials the exact time they were needed. 

[bookmark: _Toc73618553]Difficulties in construction logistics that arise from poor communication

The majority of respondents mentioned significant problems with poor delivery times that arise from poor communication. The project manager at Bygg Sjögren mentions that delayed deliveries are a major problem in their recent construction site. Trucks that are to be in place between 7 am and 11 am can arrive, for example, at 11.30 and then there will be delays throughout the whole day. This is also due to the fact that there is a lot of intermediaries and no communication is in place with the actual driver of the supplies. He further adds that something as simple as contact details to the driver would have simplified a lot. The operation manager at Skanska also stated that deliveries not showing up in time in combination with poor planning is some of their main issues at the moment. According to him, some subcontractors believes that if they get the materials to the site, then the issue will resolve itself, without having a plan on how to unload the cargo and how to carry it inside in a secure and effective way. 

Furthermore, the business manager at Bygglogistik also addresses the poor deliveries that are off schedule and the sender not communicating to the recipient about the issue. He says that there is a simple underlying factor to this issue that is the customer does not own the delivery of the product, it is somehow included in the price of the product. Therefore, the control of the delivery is released by the customer and the supplier can determine the most optimal route that benefits themselves, both in time and cost-efficiency. To counteract this issue, on the bigger projects that Bygglogistik is procured to, trucks are not allowed into the construction site unless they have a slot time. Therefore, the suppliers are placed on demands and need to have this in consideration when planning the delivery. He believes that placing requirements and demands on the suppliers is a good way to secure better transports to the construction site. 

There are difficulties with a certain type of communication, says the haulage manager for Thomas Betong. He argues that there is a big difference between communication that takes place in writing and speech. The haulage manager explains that communication that takes place in writing, such as in emails, gives more room for misunderstandings than if communication takes place in speech. In other words, he feels that speech simplifies and minimizes the risks that may arise. 

The business manager at Bygglogistik further describes that 50% of a constructions workers time is spent waiting and moving materials. This is also partly due to the fact that the construction company does not own the delivery of the supplies, according to the business manager at Bygglogistik. He explains that when knowledge about the delivery time in non-existent and the construction workers need to unload and handle the delivery by themselves, then it is obvious that waiting times are for the workers are increased. He also explains that if there is only one or two construction elevators in place, waiting times for the construction workers are also increased significantly when the supplies are being moved using the elevators. Therefore, when Bygglogistik is present at a project, there is seldom any movement of construction materials during working hours, this is instead done afterhours by workers from Bygglogistik.

The logistics expert at Chalmers University explains that the most common issues are poor planning, poor feedback and poor follow-up on the various components of construction logistics. She thinks that collaboration is a result of poor planning and that it is not necessary for a successful logistics plan. Another problem, according to her, is shortcomings in the communication, that the right information is not transmitted to those involved. The production developer at Veidekke expresses his concerns about not having communication and its advantages in mind when planning logistics. According to him, there is a lack of knowledge about the savings potential in better communication.

The logistics coordinator at FM Management believes that the construction industry is structurally old fashioned. Same mistakes are being made over and over again, companies pay the extra bill for same mistakes the industry has been doing for a long time and then its business as usual. He feels like even though he has been trying to fight this issue for a long time, he has not felt that there is a lot of changes being made. 

Involving the client in a communication plan, letting the client be more involved in the sharing of information is considered a challenge according to supply chain specialist at AFRY. Other challenges that the supply chain specialist at AFRY mentions is getting the client involved in making an information plan, applying the information sharing in a simpler way and having the right target group involved in the right meetings. Furthermore, the supply chain specialist at AFRY talks about one of their projects, Umeå Hospital, where him and his colleagues were given responsibility for communication. According to the supply chain specialist at AFRY it was a responsibility that should instead lie with the client.


[bookmark: _Toc73618554]The use of digital systems today

Through an analysis made on all interviews, it can be stated that the majority use some type of digital delivery planning tool. The logistics expert at Chalmers says that over time, the digital delivery calendars have become increasingly common and that it works very well for construction companies. The digital tools help companies to get an overview of what is to be delivered, when it is to be delivered and what is needed at the construction site. The supply chain specialist at AFRY says that they use Myloc and have done so in several projects. He is very happy with the program even though he thinks it is not easy to use. He claims that it takes unnecessary time to familiarize yourself with and locate the various functions with the software program, a time that could have been spent on other things. Meanwhile the operations manager at Skanska says that in addition to the digital delivery calendar, they usually scan the construction site with a drone to be able to create an ADP plan. Because of the preciseness od the 3D models, it gives them the opportunity to plan how the materials are delivered to the workplace so that it does not collide or interfere with other work.

Bygglogistik uses its own developed tool for delivery planning called Lognet, describes the business manager at Bygglogistik. With the help of Lognet, they can plan where the materials are to be placed and see statistics on when cars arrive and if they arrive on time. He goes on to say that the basis for that program and many others is the same. He also claims that more programs have emerged as a development of Lognet, such as Myloc. In the interview, the production developer at Veidekke says that they use a digital delivery calendar together with the famous software program myloc. According to his experience, construction logistics and deliveries become much clearer with the digital tools. With the help of the digital tools, the packing of the materials can be described before the handover, which means that they can plan around the material handling. When the material is handed over, it becomes more effective as they already know how handle it.

Thomas Betong implemented a digital system that simplifies communication between the haulage managers, the driver and the customer. The software program is called CORE and has been used for one year. Users can with CORE track and communicate with the driver and also see the delivery notes, says the haulage manager.

FM Management was hired to their recent hospital project partly due to the fact that their digital system was very appreciated among the clients and the construction companies. They use a digital system that is called Byggebooking which includes a very efficient booking system for deliveries, booking of time slots for trucks and booking time slots on the cranes if its available on the construction site.

Furthermore, the logistics expert at Chalmers says that the connection between purchasing and logistics is something that has not worked well. Today, two separate systems are used, but it would have been simpler and more useful if a system could combine purchasing and logistics. The purchasing system is what sets the precondition for the entire logistics, current agreements. It is further said that there are cloud-based digital systems that connect different suppliers, for example Myloc which is very well known among several construction companies.

The area manager at Sydsten explains that they use their own manufactured software program called Sysco, which is connected to all trucks that will deliver concrete. Through this program, drivers can get messages, information regarding delivery and a map of where it is to be delivered. He also says that the customer also has access to the program and can through it read where the driver is and can also get in touch with the driver if desired.

The project manager at Bygg Sjögren describes that they currently do not use a digital system for either delivery or planning, but that he is open to trying it out. He thinks it would have been very useful given that several companies are using it. Something he thinks would have been better is the tracking of products and materials. He further says that there is a great deal of uncertainty in where the materials are, whether they are in Stockholm or Halmstad he cannot know until he has contacted most of the people. The production developer at Veidekke claims that the reason why some construction companies do not use digital systems in their work is because they have business models for an old way of building but want to build in a new way. He believes that these two business models collide, which makes the implementation of the digital systems more complicated.

0.2 [bookmark: _Toc73618555]Improvements of the digital systems

The supply chain specialist at AFRY is very positive about the development opportunities around information sharing and communication. He believes that it is possible to take it one step further and simplify user-friendliness. Logistics expert at Chalmers also believes that a lot will happen digitally and that there is also a lot to work on. She says that some projects use Qlocx and supply containers, but that this is something that will increase in the future and develop into more efficient ones. Logistics expert at Chalmers also believes that the BIM model will be linked to logistics. Which will facilitate the work when it goes over to 3D and it becomes clearer, for example, the location of materials and goods on the construction site. This is something that even the Business manager at Bygglogistik agrees with. He believes that the implementation of the BIM model together with the logistics will lead to a more efficient construction production.

Project manager at Bygg Sjögren feels that lean production works in other industries but not for the construction industry. He claims that the fault lies with the deliveries. He believes that there is a lot to improve with the deliveries and if that process is improved, you will in any case go in the right direction.

As production developer at Veidekke believes that communication is a central part of logistics, he thinks that the focus of the development should be on information sharing and communication as he knows from experience that clear planning of logistics leads to fewer problems in the projects. He also believes that logistics in the future will be more like a video game where the possibility of "drag-and-drop" planning exists. Furthermore, that in the future they use strategic agreements with suppliers and in that way imitate the rest of the industry.

The Haulage manager at Thomas Betong talks about the software program, CORE, and that he is not completely satisfied with the features that are available. He therefore thinks that the development opportunities are wide and looks forward to what the future has to offer. One thing that he mentions is the guide system that don’t that the size of the truck into consideration when choosing the fastest way to the location of delivery.
[bookmark: _Toc73618556]Analysis
This chapter will present the information from the theoretical part combined with findings from the empirical part. An analysis for each of the research questions will be made in the same order as the empirical study. 

[bookmark: _Toc73618557]Communication within construction logistics

Tonnquist (2014) mentions three different communication channels. A mix of physical, electronic and written communication channels are used in the construction industry. This is also something that Thunberg et al. (2017) writes about and that effective communication and knowledge exchange is seen as an essential connection between the project's external players, as project risks rely on the quality of communication. The majority of the respondents sees the connection between logistics and communication as something of high importance and a central part of a good logistics plan. The logistics expert at Chalmers points out that communication is where you have a lot to work on in order to achieve more efficient construction logistics. 

Skanska, Bygg Sjögren, Veidekke, Bygglogistik, AFRY and Sydsten Betong all agree on the interplay between communication and logistics can result in more efficient construction logistics. Furthermore, Thunberg & Persson (2014) mentions the amount of the goods shipped that meet the seven rights requirements is about 38%. According to Skanska, Bygg Sjögren and Bygglogistik these problems are caused partly by bad communication, as they all mentioned the poor delivery times in several occasions. The business manager mentions that in order to achieve a successful construction logistics plan, the key is communicating and informing the colleagues at the construction site. Sullivan et al. (2010) agrees with this by mentioning how to succeed with communication in construction logistics. According to Sullivan et al. (2010) the quick dissemination of information is the most important thing as those involved in the project must stay up to date at all times. 

There have been divided opinions on the subject regarding collaboration. The logistics expert at Chalmers argues that collaboration in many times is not something that is necessary for a successful construction logistics plan and that collaboration is based on poor planning.  At the same time, several authors, such as Audy, Lehoux, D'Amours, & Rönnqvist (2010) and Dubois & Gadde (2002), argue that collaborations in construction logistics are important and directly related to the project's success. Audy, Lehoux, D'Amours, & Rönnqvist (2010) claim in their study that good cooperation between actors on construction sites results in a more efficient construction process. Meanwhile the operating manager at Skanska and the project manager at Bygg Sjögren both thinks that a well-functioned collaboration is required to make the logistics work.





[bookmark: _Toc73618558]Challenges with logistics communication
Poor communication resulting in poor delivery times and off schedule deliveries was something mentioned by most of the respondents. Hoezen et. al., (2006) argues that the construction industry’s process effectiveness and efficiency are highly dependent on the quality of the communication that takes place. Carlsson & Josephson (2001) mentions that future building procedures need more informal communication. Emmitt & Gorse (2003) writes in their study that communication is a challenge to deal with, especially on the construction site. Furthermore, Josephson & Saukkoriipi (2007) and Lindén & Josephson (2013) argue that the building industry is highly reliant on materials coming on-site when they are needed. Still, the project manager at Bygg Sjögren mentions that delayed deliveries are a major problem in their recent construction site and feels like the JIT deliveries is not a reliable delivery system, therefore they do not implement this in their projects very often.
The business manager at Bygglogistik believes that roughly 50% of the construction workers time is spent on waiting and moving materials. According to him, this is partly since construction companies do not own the majority of the deliveries when ordering supplies. The delivery is controlled by the supplier and therefore there is rarely an active communication path. The delivery time can because of this be non-existent and the construction workers need to unload the delivery by themselves. At the same time, Strandberg and Josephson (2005) mentions in their article that the material handling time for the construction workers adds up to 15% of their average work time. According to the operation manager at Skanska, some subcontractors believe that if the material arrives at the workplace on time, the problems will be solved automatically without having a plan about how the unloading of the material is done and how to safely and efficiently transport material to its correct loading place. Dubios & Gadde (2002) claim that several activities can be dependent on each other. They believe that the dependence may be to the extent that one activity cannot be started before the previous activity is completed. This shows that if the previous activity is delayed, the next activity will also be delayed. This in turn can form a chain reaction, which can have a major impact on the project. 
Cheng et al. (2010) describes that there are many actors involved in a construction project, such as designers, clients, contractors, sub-contractor, suppliers and manufacturers. This is also true for the smaller construction company Bygg Sjögren, where the project manager mentions the large number of intermediaries as a problem. Briscoe and Dainty (2005) agrees that integration becomes more complex when having several people involved in the same project. This is also noticeable at the smaller construction company Bygg Sjögren. The project manager at Bygg Sjögren feels that it is harder to communicate because of the unclear communication path. Bygglogistik’s business manager explains that the large number intermediaries originate from all the different actors involved in the construction projects.
Lundesjö (2015) argues for the importance of communication in the planning phase and the logistics expert at Chalmers states that one of the most common issues that could lead to communication difficulties in the construction logistics are poor planning. Operation manager at Skanska agrees with the opinion regarding poor planning and communication. Ying et al. (2014) also mentions that poor preparation is a significant cause of the issues which occur in logistics. According to the production developer at Veidekke, there is a lack of knowledge about the savings potential in applying better communication strategies in the planning phase. He believes that it is of great importance to have communication and its advantages in mind when planning the logistics. The production developer at Veidekke also acknowledges that there is a link between poor planning and late deliveries to the construction site, something that he views as one of the main issues in construction logistics at the moment. The supply chain specialist at AFRY mentions the communication plan as something of high value in a construction logistics plan. Yet, involving the client in the communication plan and the sharing of information is considered a challenge. 
The TPL company Bygglogistik works with communication on a daily basis with meetings and other information-sharing events. However, disadvantages have emerged in Ahl and Johanssons (2002) study that the construction companies become too dependent on the TPL companies. However, Briscoe & Dainty (2005) states that difficulties arise in logistics integrations due to the large number of people involved. Thunberg et al. (2017) mentions that knowledge exchange and effective communication is viewed as an important connection between the project's external parties since project risks rely on the quality of communication. Therefore, bygglogistik uses their expertise in these areas and assists in making the right choices in order for the project to be more cost-effective. 
An old-fashioned construction industry is something that the logistics coordinator at FM Management sees as an obstacle. According to him, the same mistakes are being made over and over again and the construction industry is very conservative. Even though attempts have been made to fight this issue, the logistics coordinator at FM Management feels like there isn't a lot of changes being made. However, Sullivan et al. (2010) states that even though poor communication has been documented for a long time, there are still new buildings being constructed and despite the misunderstandings in a project, communication does take place.

[bookmark: _Toc73618559]Digital systems

Thunberg (2016) mentions that although it is difficult to conclude that a digital tool by itself would result in a significant improvement for the construction industry, it may however be used as a helping tool to increase project efficiency. Concluding the interviews, it can be shown that the majority of the respondents use some type of digital delivery planning tool as an aid to increase efficiency. Although not every company uses digital platforms for physical communication between different people or parties, they all use it as a tool for exchanging information, which can be seen as a communication path as well.

According to the logistics expert at Chalmers, digital delivery calendars have become more popular over time and serve very well for construction firms. The digital tools assist construction companies in obtaining an understanding of what needs to be delivered, where it needs to be delivered, and what is required on the construction site. Furthermore, according to the logistics expert at Chalmers, the link between purchasing and logistics has not performed well. Currently, two different systems are used but it would have been easier and more useful if a single method could incorporate buying and logistics. The purchasing system is what establishes the foundation for the whole logistics system, as well as existing agreements. She also mentioned that there are cloud-based digital platforms that link various suppliers, such as Myloc, which is well-known among many construction firms.
The digital cloud-based platform Myloc was used by AFRY in their recent hospital project among other previous projects. Even though the supply chain specialist at AFRY would like the digital platform to be more user-friendly, he is satisfied with the aid the system provides. The problem, according to him, is the unnecessary time it takes to familiarize with the various functions of the program. On the other hand, there are companies that use other digital systems and are praised because of the features and user-friendliness. Logistics coordinator at FM management claims they partly have been hired for a project because the use of their digital system, called Byggebooking, was appreciated by both construction companies and clients. With the help of Byggebooking, the logistics coordinator argues that they can efficiently book deliveries, check time slots and easily plan truck deliveries and book time slots on cranes if there are any on the construction site.
Production developer at Veidekke argues that the digital systems can simplify material handling at the construction site. He believes that upon delivery, the supplier can describe the packing of the materials. In this way, the person in charge at the construction site can know if a crane needs to be booked for unloading and handling of materials.
However, despite the continuous development of digital tools and technology solutions, the construction industry is somehow reluctant to adopt the new ways to their everyday work, says Hagenbjörk (2014). This was also mentioned by the logistics coordinator at FM Management. He explained that the construction industry is old-fashioned and that if there is unwillingness among the partners, all the planning and coordination of the logistics is worth nothing. Furthermore, the business manager at Bygglogistik also agrees with this viewpoint and mentions that all the parties involved need to dance in order for the logistics plan to work out.

[bookmark: _Toc73618560]Improving digital systems
Over time, the projects become more advanced and complex, this is due to the future thinking and innovation that exists in the design industry. Therefore, it is difficult, almost impossible, to use 2D construction methods. In more advanced projects, there must also be a change in working methods and systems (Eastman et al., 2011). The supply chain specialist is very positive about the development of information sharing as it is not so user-friendly today. Logistics expert at Chalmers is also looking forward to the development of newer communication methods and feels that it is necessary for the construction processes to flow more smoothly.
The interconnection of technological structures, such as BIM, in the construction industry's logistics is critical because insufficient logistics preparation will affect the project's quality and cost. Clients are aware of the negative consequences of poor logistics planning and must therefore be willing to follow the construction industry's development in terms of IT-solutions and BIM (Lundesjö, 2015). Connecting the BIM concept to the logistics is a major move that will make the job easier. The construction processes become more effective and transparent by making them three-dimensional, believes both the Chalmers logistics expert and the business manager at Bygglogistik. Although many stakeholders in the construction industry are open to new thinking and development, there is a resistance when it comes to implementing new digital technologies and tools (Hagenbjörk, 2014).
The 3D Site Layout Planning Model, according to van Ee (2020), has been found to help in the understanding of the active construction site's possibilities and restrictions, but also the advancement of logistics plans. The Veidekke production developer believes that the priority of future development should be on information exchange and communication because he knows from experience that simple logistics preparation leads to less problems in projects. He also predicts that logistics will become more of a virtual game in the future, with the option of "drag-and-drop" preparation.




























[bookmark: _Toc73618561]Discussion	Comment by Rami el Hamad: Om pandemin hade tillåtit oss ha fler intervjuer = breda verklighetsperspektiv. Men eftersom 9 personer gav oss liknande svar som berör kommunikation i logistiken fick vi en tillräcklig verklighetsuppfattning.

Our findings suggest that communication in the construction logistics is indeed a major challenge. It is established that communication does not only include physical and written communication but also electronic communication in form of knowledge and information exchange for instance. This was something that had to be clarified respondents during the interviews and could suggest that the word communication is not very clear to the majority of the workers in the industry. 

Athough the study was mainly focused on the communication in the construction industry, there were also brief studies made about collaboration. The opinions about collaboration were divided such as some respondents and scholars though it was important while other respondents did not believe it was of great importance. The logistics expert at Chalmers stated that collaboration is often based on poor planning and that it is not necessary for a successful construction logistics plan. She was however unclear about which type of collaboration between which parties in the project. At the same time, it was stated by multiple scholars and respondets that collaboration was directly related to the project’s success and something that was required to make the logistics work. 

Awareness of the value of digital systems and a logistics plan is often known by the client according to Lindesjö (2015). However, even though the digital systems is frequently used by most of the respondents, it was strange that it wasn’t used by all of the respondents. This could be explained by the statement Hagenbjörk (2014) made about the construction industry being reluctant to adopt new ways. It could also be as simple as insufficient knowledge about the digital tools. Although it difficult, according to Thunberg (2016), to conclude that a digital tool would result in significant improvements singlehandedly it can be used as a tool to improve efficiency. All of the respondents did not use digital tools solely to communicate, however all of the digital tools used was some kind of information or/and knowledge exchange. As established before, this is also something that is comprehended as a communication path. 

Several problems that arose during the logistic phase of the project are due to poor planning. Poor planning can turn into several errors in delivery, including late deliveries. After all, Josephson & Saukkoriipi (2007) and Lindén & Josephson (2013) states that projects in the construction industry depend on materials arriving at the construction site on time. In case of less clear communication, it can result in delays due to ambiguities with the description of packing of materials. If the person in charge at the construction site does not receive any information about how the materials are packed, the person in question can also not know if he, for example, need the usage of a crane. From that perspective, it may be uncertain whether there is any lead crane to use. It is formed as a chain of delays and can cause several other problems. On the other hand, if the deliveries do not arrive on time, it can lead to the project stopping while waiting for the material. This becomes less cost-effective and inefficient as it is related to Dubios & Gadde (2002) who argues that several activities in several construction processes are dependent on each other, that it is sometimes impossible to proceed with another activity without the previous activity being complete. 

For the majority of the people who participated in the interview, thought that the complexity of the construction industry could easily lead to communication errors due to the fact that many actors is involved. Supply chain specialists, Chen et al. (2010) and Briscoe & Dainty (2005) mentioned that when the project has more actors involved it becomes more difficult to communicate. Having too many actors involved can give a feeling of messiness and be confusing as everyone should have access to the same information about what is happening while everyone involved is not always present when the information is being shared. The supply chain specialist described how he had previously been involved in project meetings where responsible people who were to participate in the meeting were replaced by a less knowledgeable person. This person would in turn pass on the information. The problem with passing on information is that it is easy for the information received to end up being incomplete or incorrect. It simply becomes a miss in communication. 

More time needs to be spent during the planning phase in the construction projects to be able to avoid problems in the complex construction logistics. These problems such as poor planning can be considered detrimental to client relationships, leading to higher project costs and project delays. Therefore, the planning phase is seen as a very important part. 

Several companies that were interviewed described that they did not have a requirement for how the communication takes place in the project. Requirements in communication meant everything from requirements for the use of digital systems in projects to how often meetings take place and specific ways of sharing information. For the companies that use communication requirements, it gave those involved access to the same information, and the project processes could flow smoothly. For those construction companies that did not use any communication requirements in procurement, it can lead to a feeling of reliability, which is also very important between parties, and that the time to become familiar with the program is saved. A good example of this is Bygg Sjögren, where the project manager says that it is difficult to know where the delivery is and when it takes place. The project manager is aware of the benefits of implementing a digital system, but despite this, Bygg Sjögren does not use anything. A project without a digital system is described as difficult because he must contact a thread of most people to, for example, know the location of the truck with the building materials.

The purpose of the case study was to demonstrate that there are different types of errors in the delivery of materials to the construction site. The case study shows, for example, that time, quantity and product errors are the three most common notable errors that occur.  Using the information from the interview with the haulage manager at Thomas Betong, it can be concluded that delivery errors are common. This is partly due to traffic and insufficient navigation systems. The guidance program does not take the size of the truck into consideration when choosing the most optimal road to the construction site, which also can result in late deliveries due to detour.


[bookmark: _Toc73618562]Conclusion

In this study, we examined how communication looks in today's construction logistics. It can be concluded that it is mostly insufficient at this time. Since project threats are dependent on the quality of contact, good communication and knowledge exchange is regarded as a vital element between project parties. It was also established that the interplay between communication and logistics can result in more efficient construction logistics in the future as connection between logistics and communication is something of high importance and a central part of a good logistics plan.

Furthermore, the question regarding the most challenging obstacles in construction logistics arising from poor communication showed very interesting and important elements. A lot of the construction workers' time is spent on waiting, moving and handling material on the construction site which is very unproductive. The large number of intermediaries can be viewed as a problem if the right logistics solution is not in place for the project. It can also be concluded from the study that communication difficulties in the construction logistics is mainly due to poor planning. There is a high importance in including the construction logistics communication in the planning phase. The fact that the construction sector is reluctant in applying new ways and solutions does not make it easier.

Digital solutions can be used as a helping tool to increase efficiency in a construction project. Most of the respondents used some kind of digital tool in their everyday work, while Myloc being the most common one. The digital tools help construction companies identify what needs to be shipped, where it needs to be delivered, and what is needed on the construction site. From in-house developed software to available purchase softwares on the market the results showed that the respondents were satisfied with the aid given from the digital tools but could see a lot of room for improvements. The interconnection of technological structures, such as BIM, in the construction industry's logistics is something important.
Connecting the BIM idea to logistics is a significant step that can make things simpler. By rendering construction processes three-dimensional, they can become more efficient and transparent. However, the fact that the construction sector is reluctant in applying new ways and solutions does not make it easier.





[bookmark: _Toc73618563]Further studies
For future work and research on this subject, it may be beneficial to investigate specific companies and their internal and external communication practices. By doing this, it can help to get a much more comprehensive picture of how things really are at the companies and where the real problems with the communication begins. Cooperation is also associated with communication, as cooperation requires communication. As a result, collaboration between businesses and the manner in which they communicate can be interesting to investigate.
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[bookmark: _Toc73618566] E-mail template

Hej XX!

Vi är två studenter som skriver ett examensarbete på Chalmers Tekniska 
Högskola med ämnet construction logistics and communication.

Vi undrar om ni skulle vilja ställa upp på en intervju där vi ställer frågor som 
berör bygglogistik och kommunikation. 

Några exempel-frågor som kan tas upp är:

1. Hur ser ni på samspelet mellan logistik och kommunikation? 
2. Hur ser ni på samspelet mellan logistik och samarbete?
3. Hur upplever ni att kommunikationen angående logistik fungerar 
i era projekt?

Intervjun är ca 20 min lång. Du får gärna vidarebefordra mig vidare till någon mer lämplig om du är fel person.

Tack på förhand.

Mvh
Rami & Ahmed




[bookmark: _Toc73618567] E-mail template – translated

Hi XX!

We are two students who are writing a master thesis at Chalmers Technical
University with the subject construction logistics and communication.

We wonder if you would like to participate on an interview where we ask questions such that concerns construction logistics and its communication.

Some examples of the questions are:

1. How do you view the connection between logistics and communication?
2. How do you view the connection between logistics and cooperation?
3. How do you think the communication in logistics works in your current project?

The interview is about 20 minutes long. You are welcome to forward me to someone more suitable if you are the wrong person.

Thank you very much.

Best regards, Rami & Ahmed



[bookmark: _Toc73618568] Interview template
Presentation of interviewee:
Name: XX
Work title: XX
Organisation: XX

1. How do you view the connection between logistics and communication?

2. How do you see the connection between logistics and cooperation?

3. How do you think that communication regarding logistics works in your projects? 

4. What digital systems do you use today? 

5. Do you think that communication could have been improved by using other means of communication than the ones you do now? 

6. What are the most common problems that can arise in construction logistics? 

7. Can these logistics problems be prevented for future projects? 

8. What requirements do you usually place on communication in a project? 

9. What are the challenges when it comes to communication in your projects? 

10. How is the efficiency of communication affected? 

11. Can better collaboration of communication and logistics be a key to more efficient construction? How? 

12. What do you think construction logistics will look like in the future?

Försäljning	
[PROCENT]
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