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Abstract: While materials count for a considerable amount of construction costs, the way materials
are managed seems to be improvised rather than approached methodically. This study investigates
the practice of novel techniques used to manage materials in the construction industry. Techniques
that have already proven themselves to be efficient ways to manage the production pace within the
industry include the pull system, Just-In-Time, Kitting and off-site fabrication. These are explained
and assessed in the context of the French construction industry through an exploratory study,
supported by a questionnaire completed by contractors. The results reveal that a clear plan to
manage materials on-site is lacking among the respondents, creating common inventory problems.
This research provides evidence to support the central role played by an efficient management of
material flow on-site. It also highlights the obstacles that hinder the adoption of innovative techniques,
such as sub-contractor coordination.
Keywords: materials management; construction; kitting; pull planning; supplier; inventory

1. Introduction
This study begins with the following observations: the realization of a building appears most
of the time to be a strenuous process. Construction methods, trades, and processes have much in
common (except in terms of security and the use of increasingly frequent tablet/mobile applications).
One gets the impression that many problems are managed only after they appear, and that construction
managers rely on improvisation more than they should [1].
Considering these observations, several actors are now trying to revolutionize the profession
using all the modern means at their disposal [2]. In this process of modernization, we initially think of
digital ultra-modern means, including the BIM (Building Information Modeling) [3]. The BIM is a 3D
“intelligent” digital projection where each element of the structure is not just a solid image in 3D, but
an object with many attributed characteristics (materials, dimensions, etc.).
In addition to the BIM, there are other ways to innovate the construction industry. For instance,
techniques from other industries (such as the food industry or the car dealer industry . . .) could
be adopted to optimize the supply chain [4]. In this respect, we could apply techniques such as
“Just-in-time”, “Kitting”, and “pull planning” to the construction industry. This work stems from the
interest in replicating those techniques in the construction field.
With this idea in mind, we believe it is important to first understand the needs of construction
managers in terms of innovative tools for organizing the construction site. Their experience/feedback
could be leveraged to draw a guide indicating the effectiveness of the current supply chain in
construction while providing perspectives on potential improvements.
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Figure 1. Supply chain strategies in the construction sector (adapted from: [10]).
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The first level of the “Pull System” corresponds to the “Assemble-to-order” (ATO) system, which
consists of assembling the final product on client demand. Intermediate parts are, however,
produced according to forecasts. The car dealer industry follows this system.
-

3-

Pros: there is less stock and the possibility of customized products.
Cons: it requires a fast reaction to the demand and a short final assembly time.

The second level of the Pull System corresponds to the Make-to-order (MTO) system, which
consists of starting to produce the whole product (intermediate parts + final assembly) on client
demand. This configuration is adapted for customized products such as windows or doors.
-

4-
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Pros: only raw materials are available in stock.
Cons: this requires an even faster response time to the client’s demand. The production
time needs to be as low as possible.

The last level of the Pull System corresponds to the Engineer-to-order (ETO) system. In the ETO
system, the product is designed and produced on client demand. As an example, the production
of 3D modules of construction parts (such as bathrooms or kitchens) is an example of an ETO
product. If we consider “construction” at the project level, it could be considered as an ETO
system since every project is somewhat different (localization, characteristics, engineering, design,
stakeholders, etc.).

3.2. Just-In-Time
JIT (Just-In-Time) is a method for organizing and monitoring production. It is well known within
the manufacturing sector and aims at reducing inventory and Work In Progress (WIP). This method
is mostly used to manage supply and consists of ordering the raw materials only when they are
to be used immediately. Accordingly, one purpose of this method is to cut down on intermediate
stocks. The Just-In-Time method is based on a Pull System. Thus, good quality coordination between
the manufacturer and the client, on one hand, and the manufacturer and the supplier, on the other,
is required.
Additionally, for a successful implementation of JIT, the following is required: (1) a relatively
precise forecast study of the needs in terms of production; (2) a reliable transportation and delivery
network, and (3) a strict management of the demands.
3.3. Kitting
The Kitting is a process within which related but separate parts are gathered, packed, and
delivered as one package or unit. In other words, it is a method of supply that consists of packing and
delivering together parts that are meant to be assembled together. From a logistic perspective, the
Kitting method is expected to make the organization within the site easier and is expected to provide
the grounds for the smooth implementation of the Pull System by reducing the quantity of the stocks.
Many studies have investigated the effect of logistics on construction performance [11,12].
For instance, the study of Skjelbred, S. et al. in 2015 compared different approaches to construction
site logistics [13]. The research analyzed four case studies where the material supply systems were
different. Kitting was among those systems.
3.4. Off-Site Fabrication
This method consists of manufacturing some parts of the final product off-site (for example, walls,
stairs, etc.). This technique minimizes the stocks on-site. While off-site fabrication usually refers to
modular construction in which entire parts (3D elements) are built off-site and brought afterwards to
the site to be directly assembled, it also refers to prefabrication (2D elements).
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4. Research Objectives
Current research shows that construction can be considered as a kind of production [14]. Logistics,
however, is not considered the primary concern or interest of construction managers [15], especially
since the cost of materials constitutes a large proportion of construction costs.
Construction logistics have captivated the interest of several researchers around the world [16–18].
While several studies show the limitations of current logistics systems in construction [13], a
comprehensive exploratory study on procurement issues has not yet been done in detail. The absence
of these studies makes it difficult to rethink current logistics practices in construction. Thus, the
purpose of this research is to provide scientific and professional communities with practical insights
into how to improve construction logistics.
5. Research Methodology
To meet this objective, we followed an exploratory research method that aims at clarifying a
problem that has been defined. A priori, it appears that exploratory research is used to produce
knowledge about unknown phenomena. The difference with “descriptive research” is that the latter
is used for known phenomena or to deepen the understanding of a given concept. In our case,
the exploratory study is backed by a survey that aims at evaluating the awareness of contractors
regarding the material management practices cited above. The questionnaire was developed and sent to
construction managers and work directors (work directors are one hierarchical level above construction
managers: they manage several construction managers). C-levels of construction companies were
contacted and approved the survey before sending it to construction managers and work directors.
The questionnaire was divided as follows:
5.1. Population’s Characteristics
The first part of the research consisted of collecting information on people responding to our
questionnaire (job title, work experience, nature of the site, size of the building, etc.). To keep the
respondent’s privacy and to increase the response rate, the questionnaires were anonymous.
5.2. Materials Management in Construction
5.2.1. Suppliers
The suppliers are crucial for the implementation of an optimal logistics system. Therefore, it is
important to assess their reliability and their reactivity.
Additionally, the surveyed construction managers were asked if they were familiar with the
notion of Kitting.
5.2.2. Transport and Delivery
In this section, we investigated whether the construction site had characteristics (due to the nature
of the different actors involved in it, or the location) which may have obstructed the implementation of
the Kitting and the JIT methods. For instance, a construction site that is located in the heart of Paris
will be more challenging to deliver than another construction site located in a less populated region.
5.2.3. On-Site Inventory
Most construction managers recognize that objects are commonly lost and broken on site, and
that this can cause serious problems. Additionally, if there is not enough room for storage within the
site (if the site is at the heart of a city for instance), many logistic challenges can arise. In this study, we
used the managers’ responses to justify the necessity of developing/using new methods for managing
the stock within the site.

Most construction managers recognize that objects are commonly lost and broken on site, and
that this can cause serious problems. Additionally, if there is not enough room for storage within the
site (if the site is at the heart of a city for instance), many logistic challenges can arise. In this study,
we used the managers’ responses to justify the necessity of developing/using new methods for
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the contracted suppliers who are expected to demonstrate less resistance.
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Figure 7d: The answers to this question prove that the problem of broken/stolen products is
relatively serious. The problem of storage is correlated with the number of broken/stolen objects
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Figure 8a: The figure shows that prefabrication is common within the profession.
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Figure
8b: The results show that construction managers are widely in favor of prefabrication.
The following question sheds light on the managers’ satisfaction with this method.
According
to
thethat
quality
of prefabricated
irreproachable.
Figure those
8b: Thesurveyed,
results show
construction
managers areitems
widelyisinmost
favor often
of prefabrication.
Few According
managers to
seem
to
disapprove
of
prefabricated
materials,
but
still
mention
that
some
economies
of
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Figure 8c: Almost the entire surveyed population was in favor of the use of prefabrication in the
the future.
future.
Figure 8d: The use of prefabrication was widely praised by the construction managers, however,
The use of prefabrication was widely praised by the construction managers, however,
not all ofFigure
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to have a say in the decision to use them or not. This result is particularly
not all of them seemed to have a say in the decision to use them or not. This result is particularly
important to investigate in future research, so as to determine a clear map of the decision-making
important to investigate in future research, so as to determine a clear map of the decision-making
process
related to the use of such a system.
process related to the use of such a system.
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6.2.5. Subcontracting

6.2.5. Subcontracting
The main contractor relies on subcontracting for different reasons: lack of expertise in a certain
construction
trade (exterior
carpentry,
floor tile, etc.),
enoughreasons:
time to manage
certain trade
The main contractor
relies
on subcontracting
for not
different
lack of aexpertise
in a in
certain
detail,
or
in
some
cases,
for
cost
and
quality
reasons.
The
selected
subcontractor
is
responsible
construction trade (exterior carpentry, floor tile, etc.), not enough time to manage a certain for
trade in
achieving the subcontracted work under the main contractor’s supervision.

detail, or in some cases, for cost and quality reasons. The selected subcontractor is responsible for
achieving the subcontracted work under the main contractor’s supervision.
Figure 9a: Those surveyed felt that storage management from subcontractors was not good on
average. This finding strengthens the idea that the storage issue is an important one and should be
managed with high priority.
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delays in the delivery of materials. In addition, poor communication between contractors is an
However, the application of Kitting could be jeopardized in particular because of the many delays
obstacle to the necessary coordination in a Kitting system. Finally, the idea to diminish stocks by
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This exploratory research identified a set of research items that need more investigation:
-

The link between the use of prefabrication and delays.
- TheThe
identification
of cost
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related to
the Kitting system.
current
challenges
of on-site
inventory
management
of construction sites.
The investigation of the decision-making process related to the use of materials management
The link between the use of prefabrication and delays.
systems during design and construction phases.

The identification of cost allocations related to the Kitting system.
The investigation of the decision-making process related to the use of materials management
systems during design and construction phases.
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The link between the subcontracting practice in construction and delays.
The creation of the matrix of delay frequency and severity as a function of product typologies
in construction.
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