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1. Project framework

The framework of the deliverable is presented in chapter 1. This chapter starts with a brief
introduction that presents recent developments regarding the subject. The aim and product of the
deliverable are written in paragraph 1.2. The research questions are written in paragraph 1.3
and in paragraph 1.4 the reading guide is formulated.

1.1 Introduction

Construction supply and return logistics have negative impacts on societal, ecological and
economical aspects in urban areas (Lundesjo, 2015). A lack of a proper planning of these
construction logistics flows results into inefficient flows, which lead to unsafe and unhealthy
environments. Inefficient flows also lead to congestion, which lead to financial losses for
businesses (Huang and Hinze, 2003).

The population that lives in cities is expanding across the world and this also counts for the
Netherlands. The Randstad is the densest area in the Netherlands and it is estimated that the
Randstad will be even denser in the upcoming decennia. It is estimated that the population of
Utrecht will grow with 21 percent, Amsterdam with 18 percent, The Hague with 13 percent and
Rotterdam with 10 percent (Kooiman, De Jong, Huisman, Van Duin, Stoeldraijer, 2016). These
cities are striving to locate their construction projects within the existing urban areas
(Municipality of Utrecht, 2004; Municipality of Amsterdam, 2011; Municipality of The Hague,
2005; Municipality of Rotterdam, 2007).

With an increase in their population, new facilities such as houses, offices, stores and
infrastructure are needed. There is also a strong need to upgrade or redevelop existing facilities
in urban areas. Currently, there are 1.000 construction projects that are being executed in
Amsterdam. All these projects have their own construction logistic flows. As an example, the
redevelopment of Utrecht Central Station resulted in a construction logistic flow of 250 trucks per
day (XXX, 2016). It can, therefore, be stated that construction has a substantial impact on daily
activities of residents and businesses in cities. This leads to an increase in construction supply
logistics such as material, equipment and workers and construction reserve logistics such as
waste (Anand, Haji, Gouderjaan and Ploos van Amstel, 2016).

The construction industry has a reputation for being inefficient (Josephson and Saukkoriipi,
2007). Innovation in construction logistics is needed to ensure that cities stay liveable (Anand et
al, 2016). A construction consolidation centre (CCC) is frequently proposed as a suitable logistics
innovation. To create innovation in construction logistic, collaboration between stakeholders is
necessary (Brown, 2015). Due to different interest among construction stakeholders, there is a
need for reliable business models (Vries and Ludema, 2012). However, according to Noordhuis
(2016), a lack of reliable quantitative data is a problem. Reliable quantitative data is necessary to
convince stakeholders for new collaborations that are needed for innovations in construction
logistics. IT devices hold huge potentials for the construction industry, which includes
construction supply and return logistics (Lundesjd, 2016). There is, therefore, a need to examine
the current state regarding IT usage in and reliability of construction logistics calculation models.

The Integrated Logistic Concept (ILC) is frequently used in the logistics sector in the
Netherlands, to determine the layout of logistics functions in an organisation (Van Goor, Ploos
van Amstel and Ploos van Amstel, 2014). The focus needs to be on system-wide management of
the entire logistics chain as a single entity, instead of separate management of individual



logistical functions. The ILC is used to examine construction logistics processes. The subjects
corporate strategy, personal organisation, supply chain strategy, Building Information Modelling
and delivery patterns will be examined to address factors that hinder the
development/improvement of construction logistics calculation models.

1.2 Aim task 2.1 and product

This deliverable has two aims. Firstly, the deliverable gives insight into the current state of
construction logistics calculation models in the Netherlands. How these models are structured,
with which indicators and with which data will be examined. Secondly, this deliverable gives
insight into factors that hinder the development of these construction logistics calculation models.
The product of this deliverable is a report on problem description and data analysis.

1.3 Research questions

The following questions have been determined to give insight into the process of formulating a
construction logistics calculation model. S. Balm (AUAS), W. Haji (AUAS) and W. Ploos van
Amstel (AUAS) and Anna Fredriksson (LiU) agreed upon these questions.

1. Which indicators have been used in currently used construction logistics calculation

models?

How are construction logistics calculation models structured?

3. Which input is necessary to develop a construction logistics calculation model?

4. Are data measured, expertise or from literature in currently used construction logistics
calculation models?

5. Which difficulties did the author of these construction logistics calculation models
experience?

6. Which factors of the ILC hinder the development of construction logistics calculation
models?

N

1.4 Reading guide

The deliverable is structured into five parts. The first part consists of the methods that have been
used to formulate this deliverable. The second part consists of a literature study in which the
need for innovation in construction logistics is addressed. Also, the usability of the ILC for the
construction industry is explained. Literature regarding construction logistics processes are
structured among the components of the ILC and problems are identified. The literature study
functions as an analytical framework. The third part consists of an analysis regarding currently
used construction logistics calculations models. The focus is on their reliability. The fourth part
consists of an analysis regarding factors that obstruct the development of construction logistics
calculation models. These factors are structured among the components of the ILC. The fifth part
consists of the answers to the research questions that are presented in paragraph 1.3. The results
of this deliverable are reflected on the results of the SMARTSET project.



2. Methods

The research methodology is described in this chapter. The research strategies are described in
paragraph 2.1. The methods of data collection are described in paragraph 2.2 and in paragraph
2.3 the methods of data analysing are described.

2.1Research strategies

To formulate this deliverable, several research strategies have been selected. A desk research and
case studies are selected as a research strategy. These strategies are explained below.

2.1.1 Desk research

A desk research is a non-empirical research strategy where the researcher uses material that is
produced by others. In many cases, the documents that are used in this strategy are written from
another perspective. Therefore the information is not directly usable for the purpose of this
deliverable, but can give information for a context. The goal of the desk research is to formulate a
theoretical foundation for the deliverable (Saunders et al, 2009).

2.1.2 Case study

A case study is an empirical research strategy. This means that data will partly be obtained by
own observations (Saunders et al, 2009). By using this strategy, the holistic characteristics of
causes and effects will be described in a selected area. The case study is selected for the results
regarding the construction logistics calculation models (paragraph 4.2). The construction logistic
calculation models function as a case study and are presented in the table below.

Model 1. 2007.
Model 2. 2008.
Model 3. 2013.
Model 4. 2012.
Model 5. 2016.

Table 6: Case studies (Author, 2017). CLASSIFIED
2.2 Methods for data collection

2.2.1 Literature study

In the desk research, a literature study is used to collect data for an analytical framework. Dr.
Ploos van Amstel (AUAS) indicated subjects that could hinder the development of construction
logistics calculation models and these subjects were reviewed in the literature. Because these
subjects could be related to the ILC, this concept is used to structure the literature study. The
literature study functions as an analytical framework. The analytical framework links the
theoretical questions to the empirical analysis. There are different methods available. A
guantitative method refers to a method where many documents are being used to collect data. A
gualitative method refers to a method where little documents are being used to collect data
(Doorewaard and Verschuren, 2010). In chapter 3, the focus is on peer-reviewed literature by
using a qualitative method.






3. Analytical framework

In this chapter, a literature study is conducted to formulate an analytical framework. This
analytical framework is used to collect and structure the results from the interviews and the
construction logistics calculation models. A brief literature study regarding the impact of air-
polluting emissions on liveability is written in paragraph 3.1. The components of the ILC are
described in paragraph 3.2. These components are used in paragraph 3.3 to describe construction
logistic processes. In paragraph 3.4 the current state of innovation in construction logistics and
the results of the SMARTSET project are described.

3.1 Liveability and emissions

Liveability

Innovation in urban construction logistics is necessary to ensure that growing cities stay liveable.
Liveability includes aspects such as the built and natural environments, economic prosperity,
social stability and equity, educational opportunity, culture, entertainment and recreation.
Construction logistics processes influence many aspects of liveability (Ploos van Amstel, 2015).
For an example, emissions that are caused by construction trucks minimize air quality and
therefore have a negative influence on health. Inefficient construction logistic flows lead to
unnecessary unsafe situations and congestions, which lead to financial losses for businesses.

Liveability can be defined as the extent to which the environment is in line with the demands and
requirements that are imposed by humans (Leidelmeijer, Marlet, Ponds, Schulenberg, Van
Woerkens and Ham, 2014). Liveability is a concept that is often used in multi actors and multi
criteria decision-making, but lacks in a generally agreed upon definition. The aspects of
liveability, which are influenced by construction logistics processes, therefore need to be
operationalized.

The aspects that are mentioned in a BLVC-framework can operationalize liveability. BLVC is the
Dutch abbreviation for accessibility, liveability, safety and communication. It is obligated for the
municipality of Amsterdam to make a BLVC-framework. The obligation is dependent of the
hinder that is produced by a construction project on the vicinity (SOVB, n.d) and consists of
requirements that need to be taken into account by the main contractor. Requirements in this
plan are included in the tender. A BLVC- framework consists of the following aspects.

Accessibility Car, public transfer, pedestrians, parking, stalling, construction logistics, supply.
Liveability Construction fences, design construction site, working times, noise minimizations.
Safety Construction safety, social safety, traffic safety.

Communication | Stakeholders in vicinity, commuters, public events.

Table 8: Constructs in BLVC plan (IBA, n.d).

As presented in the table above, constructs are used that can be interpreted in different ways. It
is therefore needed to be as explicit as possible in a BLVC-framework. When municipalities fail to
conduct a qualitative BLVC-framework, requirements will be incorrectly integrated into tenders.
The main contractor will ultimately conduct a poorer BLVC-plan.

Air-polluting emissions

Air quality is a topic that is getting more and more attention. The European Environment Agency
(2016) indicates that air quality in the Netherlands is low, compared to other European countries.
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Low air quality leads to more than 100.000 premature deaths in Europa and has therefore a big
impact of liveability in cities. Traffic emissions are a major cause for low air quality. It is
importation to examine the relations between construction logistics, air-polluting emissions and
urban characteristics.

Air-polluting emissions of vehicles are influenced by technical, operational and logistical
parameters and these parameters are affected by direct and indirect factors (Pregl, Perujo and
Bonnel, 2008). It is important, when construction logistic calculations models are formalized, to
measure the air-polluting emissions under real world conditions. Realistic results regarding air-
polluting emissions can then be provided. Calculations that are based on the number of
kilometres multiplied by an emissions norm are incorrect.

The research shows that different vehicles with different technical characteristics in real traffic
produce different air-polluting emissions than presented in theory (Pregl et al, 2008). For an
example, it is indicated that time and distance cannot be treated as a constant value. The
following factors have an effect on the air-polluting emissions that are produced.

Technical factors. Engine type.

Loading capacity.

Weight of the vehicle.
Operational factors. | Speed.

Driving dynamics.
Transportation dynamics.
Transport flows density.
Extreme situations.

Logistic factors. Occupancy rate.

Emissions at loading and
uploading.

Idle running of the engine.
Table 9: Factors on traffic emissions (Pregl et al, 2008, p. 9-10).

The above-mentioned aspects will be explored during the analysis of the construction logistic
calculation models (paragraph 4.1). Additional to the above-mentioned aspects, quality of the
infrastructure and the geographic position such as altitudes have an impact on emissions. A
distinction has to be made between driving time within the urban area and driving time outside
the urban area (Gosman and Van Wengerden, 2016).

Pregl, M. Perujo, A. Bonnel, P. (2008). Technical, operational
and logistic parameters influencing emissions of heavy-duty
vehicles. Luxembourg: Joint Research Center.

The paper gives insight into the impact of factors that influence
emissions. This paper gives insight into the complexity when
real-time calculations for emissions have to be made.

Table 10: Recommended literature.

3.2 The Integral Logistic Concept

An integral logistics approach is needed to meet the challenge to keep cities liveable. The focus
needs to be on system wide management of the entire logistics chain as a single entity, instead of
separate management of individual logistical functions. This prevents that improvements e.g. in
the procurement department have disadvantages for other chains e.g. in distribution department.
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The ILC is frequently used in the Netherlands to describe logistic processes of a company and is
based on four components (Van Goor et al, 2014). The ILC consists of the following components.

Personnel The personal manner in which tasks for planning and control are organized
organization. within a company.

Supply chain strategy. | The primary process of a distribution chain needs to be controlled in a way
that an optimum level of service can be realized.

Building Information Reliable logistics management requires information about customers,

Modelling. suppliers, products, resources and capabilities. This information must come
from information technology systems.
Delivery pattern. Represents the basic structure of the distribution, from production and

distribution to customers. Important subjects are the location of production,
warehousing and transportation.

Table 11: Components ILC (Van Goor et al, 2014).

Van Goor et al (2014) state that the four components do not function without a strategy and a
description of the Key Performance Indicators (KPI). The four components, plus the strategy and
KPIs will be explored in the construction industry.

Van Goor, A. Ploos van Amstel, M. Ploos van Amstel, W. (2003).
European distribution and supply chain logistics.

This book is very useful for everybody that does not have a
logistics background.

Table 12: Recommended literature.

3.3ILC in the construction industry

The components of the ILC are described after a brief description of the construction industry in
the Netherlands. The components of the ILC are described in the following order.

Corporate strategy Paragraph 3.3.1
Personal organisation Paragraph 3.3.2
Supply chain strategy Paragraph 3.3.3
Building Information Modelling Paragraph 3.3.4
Delivery patterns Paragraph 3.3.5

Table 13: Paragraphs ILC.

Context construction development in Amsterdam

Construction logistics is one of the largest logistics flows in Amsterdam and therefore need to be
managed properly. Research indicates that 18 percent of trucks and 43 percent of light
commercial vans in Amsterdam are related to construction activities (Ploos van Amstel, Balm and
Van Merriénboer, 2015). Real estate prices in December 2016 show the largest price increase in
14 years (Cobouw a, 2017). The revenues in the construction industry grew by 9 percent (Cobouw
b, 2016) and production grew by 6 percent (Cobouw c, 2016) making it a fast growing sector.
Municipalities aim their construction production within existing urban areas. These urban areas
are characterized by challenges regarding place, challenges regarding complexity and challenges
regarding liveability and sustainability (Lundesjo, 2016).

Lundesjo, (2016). Supply Chain Management and Logistics in
Construction. London: Koganpage.
This book gives a broad understanding of construction logistics
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Figure 3: Information flows preparation phase (Reiniers, 2008).

3.3.3 Supply chain strategy

The process in a distribution chain needs to be controlled in a way that an optimum level of
service can be realized (Van Goor et al, 2014). The supply chain strategy of the construction
industry has been a subject of interest for many years. The construction industry tends to be
fragmented, unstable and inefficient (Vrijhoef and Ridder, 2014). Fragmentation is seen as a
problem in much research. Adriaanse (2014) determines three types of fragmentation.

Vertical A construction project is divided into different construction phases. In practice, a
fragmentation strict separation between these phases is maintained. This is due to a
traditional way of working where the client formulates a design and, when the
design is ready, construction companies are involved. When the construction
project is completed it is transferred to the client. The result is that there is
little coordination between the construction phases.

Horizontal Per construction phase, different construction companies are involved such as an
fragmentation architect, subcontractors and suppliers. Due to this, the fragmentation increases
and coordination is hindered. The percentage of tasks that are outsourced can
rise to 75% of the financial turnover (Dubois and Gadde, 2000).

Longitudinal Construction projects are being managed individually at different times and

fragmentation different locations. This project based characteristic makes dissemination of
knowledge and experiences from one project to the other difficult (Adriaanse,
2014).

Table 17: Fragmentation (Adriaanse, 2014).

This fragmentation does not lend itself easily to the required collaboration to achieve innovation.
Lundesjo (2016) indicates different stages of supply chain maturity and indicates the ultimate
goal as being a process where demand, supply and product consideration overlap. Lundesjé (2016)
indicates four stages of supply chain maturity.
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1. Reacting business silos
Dominated by misaligned goals between business units. Often led by sales or manufacturing with
a focus on revenues. Each business unit has different processes and KPls.

2. Scaling and cost efficiency

Companies look to scale their operations with a focus on cost reduction. Businesses start to
emerge within business units. A focus on the lowest cost of delivery emerges with a focus on
standardization. Basic demand forecasting and planning capabilities develop. KPIs tend to be
functionally focused.

3. Integrated decision-making

Functional barriers start to break down as decisions are being made for the entire internal supply
chain. Supply chain considerations become an early input for sales processes. The focus is on the
balance between cost, working capital and services. KPIs look across the entire internal supply
chain.

4. Supply chain collaboration

The focus switches from within the company to the external supply chain. Revenues become
second to value creation. Collaborations with customers and suppliers become more important.
Processes are integrated across the extended supply chain and real time visibility and
performance data covers the whole chain.

Ekeskéar, A. Rudberg, M. (2015). Third-party logistics in
construction: perspectives from suppliers and transport
providers. Conference paper. Linkdping: Linkdping
University.

The purpose of this paper is to analyse how suppliers and
transport providers are affected by the 3PL solution. In
terms of their attitudes towards the use of a 3PL, the
experienced defects from the 3PL solution and their level of
supply chain management (SCM) maturity.

Table 18: Recommended literature.

These stages of maturity are used in this deliverable to describe the maturity of the supply chain
strategy regarding construction logistics. The construction supply chain must be seen as a single
entity of different subsystems, which needs to be designed (Vrijhoef and Ridder, 2014). Because
the construction industry is fragmented, supply systems are often not well integrated. An
implementation of a chain-wide supply system would be too complex and costly. The lack of
continuity of relationships hinders the advantages of long- term collaborations.

Noordhuis (2015) describes the traditional construction process in the Netherlands. The client
begins the construction process by thinking about the wishes and requirements of the end user.
The client will search for a partner, such as an architect or advisors, for the engineering phase.
After this, a main contractor is selected. It is the main contractor who selects the sub-contractors
and it is frequently the sub-contractors who select the suppliers. It is possible that the selection of
suppliers is only known just before the execution of the project (Gosman and Van Wengerden,
2016).
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Frodell, N. (2014). Organisation of purchasing and buyer-supplier
relationships in large construction companies. Goteborg: Chalmers
University.

This PhD thesis gives insight into purchasing processes and practices in
large Swedish construction companies regarding organisation of purchasing
and buyer-supplier relationships, and suggest ways of improving it.

Table 19: Recommended literature.

The selection of subcontractors is based on the project scheme (het bestek) and construction
drawings. The focus is to precisely procure the construction materials and services based on fixed
information. It is exactly determined what the sub-contractor needs to offer. Due to this, the risks
of overpricing are minimalized but this also minimizes the incentives to develop innovations. The
perspective of the client or main contractor is that involvement of contractors or subcontractors in
an early phase only leads to a higher price (Noordhuis, 2015). In the figure below, construction
supply chain issues are illustrated.

Figure 4: Problems in the construction chain (Vrijhoef, 1998).

Thunberg, M. Fredriksson, A. (2015). Supplier and
contractor perspective on supply chain planning problems
in construction: A multiple case study. Conference paper
EurOMA, Volume 22.

Vrijhoef, R.

Literature from R. Vrijhoef gives theoretic insight into
behaviour of the actors in the construction supply chain.
Literature is available on www.reseachgate.net.

This paper identifies perspectives of construction supply
chain actors on construction supply chain planning. This
paper uses the concept of construction supply chain

planning to understand why problems occur during
construction processes and aid in understanding how they
can be resolved, with new tools and mindset.

Table 20: Recommended literature.

Additional to figure 1, the financial crisis, which started in 2008 led to labour layoffs at larger
construction companies in the Netherlands. Due to the attractiveness of the construction
industry, many construction workers nowadays work as a freelancer. This increases
fragmentation and makes planning and control difficult.
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The paper is important because it gives a current state
regarding innovation into construction logistics. The context
discussion in this paper is very interesting.

This report is important because it gives insight into
lessons learned regarding the development of UFTs. This
can also be helpful for innovation in construction logistics.

Table 24: Recommended literature.
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4. Results

The results are presented in this chapter. The results regarding the analysis of the construction
logistics calculation models are presented in paragraph 4.1. Paragraph 4.1. ends with a sub
conclusion. Paragraph 4.2 presents the results regarding the analysis of the ILC within the
construction industry. Here, each sub paragraph is concluded with a conclusion and a reflection
on the barriers of the SMARTSET project (see paragraph 3.4).

4.1 Construction logistics calculation models

In this paragraph, the results of the construction logistics calculation models are presented. The
construction logistics calculation models are structured on the year of development and start with
the oldest and end with the newest model. The characteristics of the construction logistics
calculation are presented below.

Par. 4.1.1. Model 1. Impacts of construction projects on construction logistic flows and Ex-ante.
infrastructure.

Par. 4.1.2. Model 2. Impacts of construction characteristics on construction logistic flows. | Ex-ante.

Par. 4.1.3. Model 3. Impacts of a CCC on social, ecological and economical criteria. Ex-ante.

Par. 4.1.4. Model 4. Impacts of construction logistics on emissions. Ex-ante.

Par. 4.1.5. Model 5. Impacts of a CCC on social, ecological and economical criteria. Verified.

Table 25: Construction logistics calculations models (Author, 2017).

Construction logistics calculation model 5 is the only model where impacts are measured in
practice. Models 1 to 4 are ex-ante but will nevertheless be explained. Model 5, therefore, gives
valuable insights into the difficulties of making such a model. The focus, therefore, will be on
model 5.

4.1.1 Model 1

Year of development. 2007.

Company development. Municipality.

Purpose. Impacts of construction projects on
construction logistic flows and
infrastructure.

KPlIs. Emissions, construction logistic flows
labour, construction logistic flows
materials.

Used methods for this | Logistic model and interview.

deliverable.

Table 26: Information model (Author, 2017).

Introduction

This model is formulated in 2007 and focus on impacts of construction projects on construction
logistic flows (labour and materials) and infrastructure. Equipment is not included. The model is
used to predict, in abstract terms, these flows in the initial phase of a construction project. The
author did not formulate an instruction manual for this model, but XXX (Respondent 2) evaluated
this model. The model makes a distinction between preparations phase, structure phase and
finishing phase.






Resource drivers
The resource drivers are presented in the table below.

The size of the project. A bigger size results into a larger number of flows.
The budget of the project. A higher budget results into a larger number of flows.
The planning of the project. A shorter planning results into a larger number of flows per time period.

Table 27: Resource drivers (Author, 2017).

4.1.2 Model 2

Year of development. 2008.

Company development. Municipality.

Purpose. Impacts of construction characteristics
on construction logistic flows.

KPls. Number construction logistics flows of
materials and labour.

Used methods for this | Thesis, logistic model and interview.

deliverable.

Table 28: Information model (Author, 2017).

Introduction

Model 2008 has the purpose of improving model 2007 (XXX, 2008). In 2008 there was still little
information available. This research aims to get insight into factors that influence the number of
flows regarding two construction projects in XXX (XXX, 2008). The research focuses on subjects
that are manageable by the contract, such as planning, cycle time, construction method, the
number of working days and vehicle characteristics.

The research uses two case studies, a literature review and interviews. The two case studies
consist of larger construction projects in the city centre of XXX. The volume of the construction
projects is not included as a factor. The model determines impacts of factors within the given size
of the two projects.

The construction plan is translated into norms and these norms are used to make the model. This
construction plan consists out of a planning, scripts, tempo and predicted construction logistics
flows (XXX, 2008). The model is not verified in practice (Respondent 2). The only verification is
that outcomes of model 2007 are compared with outcomes of model 2008 (XXX, 2008).

Processes
This model distinguishes construction materials, equipment and labour.

Activities

From the abovementioned processes, sub-processes and activities are determined. The research
focuses on the number of construction logistics flows. A distinction is made between heavy and
light vehicles. The number, heavy or light vehicles and time are examined (XXX, 2008).

Cost objects

A cost object is an item for which costs or other resources are being measured. A Product is
frequently used as a cost object. The number of construction logistics flows for materials,
equipment and labour per construction phase is calculated.

Resources
The resources in this model are the number of heavy and lighter vehicles.
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4.1.4 Model 4

Year of development. 2012.

Company development. Municipality.

Purpose. Impacts of construction logistics on
emissions.

KPI. Emissions, construction logistic
labour, construction logistic
materials.

Used methods for this | Analysis construction logistic model,

deliverable. research report and interviews.

Table 30: Information model (Author, 2017).

Introduction

The model predicts emissions that are produced due to construction logistics flows (XXX, 2012).
The model predicts the number of flows regarding construction materials and labour.
Construction equipment is included in construction materials (Respondent 4). The model focuses
on the development of an infrastructure project (Respondent 3).

First, the model is supplied with data regarding construction materials. This data is collected
through construction plans, blind bill of quantities, construction drawings and planning
(Respondent 4). Details such as the size of the project are determined. Second, the capacities of
the transportation modes are determined and the number of construction logistics flows is
calculated per construction phase. For the percentage FTL and the average driving distance, key
figures are used. The model uses a 100% FTL (Respondent 4).

The model calculates construction logistics flows for labour, by using a percentage of the total
budget. By an average wage, this percentage is transformed into man-hours. These man-hours
are translated into labour flows. The model focuses on the construction of a local access road with
two lanes, parking strips, cycle lanes and sidewalks. The construction project consists out of 17
construction phases (XXX, 2014).

Processes
The research focuses on transportation for three construction sectors, which are housing, utility
buildings and GWW (infrastructure). The model focuses on infrastructure.

Activities

From the above-mentioned processes, sub-processes and activities are determined. Purely the
number of transportation flows is calculated. Activities such as waiting time, loading and
unloading time are not included (Respondent 3).

Cost objects
A cost object is an item for which costs or other resources are being measured. Cost objects in this
research are the number of transportation flows regarding materials (and equipment) and labour.

Resources

The model determines different types of vehicles for transportation. For each activity, a different
transportation mode is used. The different modes can be seen as a construction peculiarity, which
suggests the wide variety of supply chains and transportation modes (XXX, 2014). A distinction is
made regarding purpose, capacity, average distance and PAE- value (passenger car equivalent).
The resources are.
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5.

in the /nitial phase of a construction project. Its general output is therefore still very
useful.

A fifth observation is that a small change in the purpose of a model will have a major
impact on the structure of the model and the data that are required. A detailed
consideration of processes, activities, cost objects, resources and resource drivers is
necessary to determine the data and application of sensors.

A sixth observation is that the process of transportation was easy to measure because
data were available from TMS. The processes warehousing and processing were more
difficult to measure because data registration systems were not available.

The seventh observation is that in 2015 there was the start of data analysis regarding
impacts of executed construction logistics measures. It is observed that the construction
industry is still at the beginning of the IT era. It is proven that fundamental IT solutions
are still needed to collect reliable data. Data regarding construction logistics flows are
relatively easy to collect due to TMS in trucks. Here, it needs to be stated that this is still
very difficult. Processes in warehousing and processing are still not measured in practice.
An ERS is needed to measure and improve construction logistics innovations.
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Figure 6: Internal construction process, plus BIM and SCM (based on Thunberg, 2016).

The figure gives insight into the building processes, including BIM and SCM. Note that BIM
starts at the preliminary design, where the architect makes digital drawings and ends when the
project goes into the execution phase. SCM starts at the preliminary design, where SCM can have
an influence on aspects such as building method and also focuses the execution of the project.

4.2.4 Building Information Modelling
Results

1. The first observation is that IT on the operational level is far from integrated. This is
especially in the housing and commercial construction sector (code 2). It is observed that
the infrastructure and the maintenance sector are ahead of the housing and the
commercial construction sector. The focus thus needs to be on basic IT solutions. This
hinders the development of construction logistics calculation models.

2. The second observation is that on the strategic level, contractors are aware of the benefits
of information technologies. Strategic partnerships with IT companies are therefore
noticed. Most of the respondents indicate that IT will change the construction industry in
the upcoming years. This stimulates the development of reliable construction logistics
calculation models.

3. The third observation is that IT problems arise on the tactical level. It is observed that
problems are related to the supply of incomplete, unsuitable and unrealizable
information. These problems are related to vertical and horizontal fragmentation and
data interoperability. Coordination of information is the biggest problem, thus not the
technical possibilities (code 6). This hinders the development of construction logistics
calculation models.

46















5. Conclusion

In this chapter, the research questions are answered and the barriers of the SMARTSET project are reflected on the results of this deliverable.

Research question 1

Which indicators have been used in currently used construction logistics calculation models?

Model 1

Number of construction logistics flows per
project (materials and labour).

Number of construction logistics flows per
working day (materials and labour).

Number of construction logistics flows between
15:00 and 16:00 (materials and labour).
Number of construction logistics flows between
16:00 and 17:00 (materials and labour).
Construction logistics flows in PAE between
15:00 and 16:00 (materials and labour).
Construction logistics flows in PAE between
16:00 and 17:00 (materials and labour).
Alternative routes 15:00 and 16:00 (materials
and labour).

Alternative routes 16:00 and 17:00 (materials
and labour).

Infrastructure/capacity ratio alternative routes
15:00 and 16:00 (materials and labour).
Infrastructure/capacity ratio alternative routes
16:00 and 17:00 (materials and labour).

Model 2

The number of logistics flows regarding
construction materials per construction
phase, including equipment.

The number of construction logistics
flows regarding labour per construction
phase.

PAE flows regarding construction
materials per planning phase per day.
PAE flows regarding construction
materials per planning phase between
15:00 16:00.

PAE flows regarding construction
materials between 16:00 17:00.

Model 3

Number of kilometres.

Transportation costs labour.
Transportation costs materials.
Handling cost.

Warehousing costs.

PM10.

Number of transportation movements.

Model 4

The number of flows for
construction materials (incl.
equipment) per activity.

The number of lows for
construction labour per activity.
The number of flows for
construction materials (incl.
equipment) per week.

The number of flows per week.

CO2 / NOx emissions regarding
construction materials (incl.
equipment).

CO2 / NOx emissions regarding
construction labour.

Model 5

% Delivery on time.
% Delivery conform requirements.

Unloading time CCC / con. site.
Waiting time CCC / con. site.

Processing time CCC.
Processing time supplier.

Number of kilometres.
Number of kilometres avoided.
Waiting time traffic jams.

Consolidation factor.
Stocks at CCC.
FTL weight and FTL volume.

Co2 emissions.

Waste reduction.

Nuisance for vicinity.
Productivity.

Duration construction activities.
Procurement result.

Cost savings in procurement.

Table 43: KPls.



Research question 2
How are construction logistics calculation models structured?

It needs to be stated that a small change in the purpose of a model will have a major impact on
the structure of the model. The results are presented in the tables below.

The size of a construction project is translated into a total budget.

Price standards are used to estimate the material quantities.

Material quantities are translated into construction flows for materials.

A percentage of the total budget is used to determine labour costs.

The labour costs are divided by an average wage, which results in labour hours.
Labour hours are divided by a norm, which results into logistics flows for labour.

7. Transportation flows are weighted on infrastructure/capacity ratios from different routes.
Table 44: Structure model 1.

S e o

1. A literature review and interviews are used to determine the quantities of materials and
these quantities are related to the capacities of transportation modes. This results in the
number of construction logistics flows.

2. The configuration of the construction phases leads to a planning.

3. The number of transportation flows for materials and labour are calculated for each
construction phase.

4. Transportation flows are related to time periods 15:00 and 16:00 and 16:00 and 17:00 and
PAEs.

Table 45: Structure model 2.

1. The model is structured on four scenarios, plus an upscale to three comparable projects.
2. The results of the calculations are structured on the total number of transportation flows,
the number of transportation flows to the construction site, NOx, PM10 and logistics costs.

Table 46: Structure model 3.

1. From the construction documents, a bill of quantity and a budget is produced.

2. The budget is translated into a number for man-hours and a number for materials.

3. These are translated into a planning.

4. Norms are formulated to determine the average driving distance regarding materials and
labour.

5. The number of flows is multiplied by the average distance.

6. The results are multiplied with an emission norm, which is found in literature.

7. The emissions are calculated per construction phase.
Table 47: Structure model 4.

1. The model is structured on transportation, warehousing and productivity processes.
Information regarding the analysis of the measured data is not available.

Table 48: Structure model 5.



Research question 3
Which input is necessary to develop a construction logistics calculation model?

A small change in the purpose of a model will have a major impact on data that are required. A
detailed consideration of processes, activities, cost objects, resources and resource drivers is
necessary to determine the data and application of sensors. TMS and ERS are needed to develop
a realistic construction logistics calculation model. The results are presented in the tables below.

The volume of the project in m2 or m3.
The budget.

The planning.

4. Information about alternative routes.

whh e

Table 49: Requirements model 1.

1. The planning of the construction phases in weeks.

2. The construction method.

3. The function of the building.

4. Number of layers below ground and the amount of excavated soil.

Table 50: Requirements model 2.

Information regarding containers and pallets per type of truck.

Costs of transportation per transportation mode.

Parking costs.

Emissions regarding transportation per transportation mode.

Costs of companies that are involved (transportation, labour, activities etc.).
Distances between the CCC and the construction site (water and road).
Bundling factors.

Data regarding loading, bundling and unloading.

. Driving speed and driving time.

10. Percentage FTL.

Table 51: Requirements model 3.

The construction plan / project scheme.
The bill of quantities.

The planning.

Construction drawings.

Emission norms.

6. Dimensions of transportation modes.
Table 52: Requirements model 4.
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1. TMS and ERS systems are needed to map the impact of a CCC.
2. Labour productivity must be measured by using sensor technologies.

Table 53: Requirements model 5.
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Research question 4
Are data measured, from expertise or from literature in currently used construction logistics
calculation models?

The only construction logistics calculation model that is part/y measured is model 5. Models 1,2,3
and 4 are based on data from the expertise of respondents or from literature. It is observed that
in 2007 there were no data available. Not in literature and not in practice. In 2015 there was the
start of data analysis regarding impacts of executed construction logistics measures. The process
of transportation is easy to measure because data are available from TMS. The processes
warehousing and processing are more difficult to measure because the authors did not obtain the
necessary data registration systems, yet. The results are presented in the tables below.

Data are from the expertise of the respondents and literature. Minor empirical data and data
from literature were available. This data were used to determine the first parameters. The model
is not verified in practice.

Table 54: Data model 1.

Data are collected from construction documents and interviews. The model is not verified in
practice.

Table 55: Data model 2.

The methods are not described explicitly in the research. The research suggests that data are
collected through interviews, and thus expertise. To describe the scenarios, a couple of rules have
been taken into account. This indicates that data are not measured, but that it is based on
expertise. External companies have provided data regarding the %FTL. It is unknown if the
model is verified in practice.

Table 56: Data model 3.

Data comes from expertise and literature. In a later stadium, seven projects were analysed and
outcomes were reflected on the outcomes of the model.

Table 57: Data model 4.

The data that are presented in this deliverable are measured.

Table 58: Data model 5.
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Research question 5
Which difficulties did the author of these construction logistics calculation models experience?

The progress of the development of the construction logistics calculation model is dependent on
its purpose. Models that focus on predicting construction logistics flows and emissions are
relatively easy to develop. Models that focus on predicting the impacts of construction logistics
measures increase the necessary data enormously. A detailed consideration of processes,
activities, cost objects, resources and resource drivers is necessary to determine the data and
application of sensors. It is observed that the authors of the models were surprised by the
complexity of the development of their models. The difficulties per model are presented below.

The author indicates that this was the first model within the municipality of XXX. A difficulty
was to find reliable data. The author indicates that its respondents did not have data and data in
literature were not available. Subcontractors were at that time not aware of their logistics
processes. The author was surprised that much data were needed to develop the model.

Table 59: Difficulties model 1.

The author indicates that the development of the research proposal was complex. The author did
not face many difficulties during the execution of the research. A reason for this can be that
model 2 is a follow-up from model 1. This means that the approach, structure, necessary data and
barriers were already known. This awareness could prosper the progress.

Table 60: Difficulties model 2.

It was not possible to plan an interview with the author and therefore information about
difficulties is not known. It is written that reliable data from subcontractors and suppliers were
difficult to collect. Also, the translation from quantitative to qualitative data was difficult.

Table 61: : Difficulties model 3.

The author of the construction logistics calculation model did not experience any difficulties.

Table 62: Difficulties model 4.

This analysis shows that it is very difficult to conduct a construction logistics calculation model,
even when data analysts and logistics experts are involved. This analysis shows that the main
contractor does not have IT systems available to map all the KPIs. The process transportation
was easy to map. Warehousing and processing were difficult to map. The research indicates that

an ERS is necessary.
Table 63: Difficulties model 5.
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