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Modeling and categorizing
standardized artifacts for
scheduling occupancy on
building construction sites

Stéphane Morin Pépin* and Adel Francis

Construction Engineering Department, Ecole de Technologie Supérieure (ETS), Montreal, QC, Canada

The new trend in planning building projects involves incorporating space
management on the construction site. Failing to consider the management of
site operations can lead to either relaxed or congested construction sites. This is
because labor, tools, equipment, and materials all require space. It is important to
plan for the circulation and temporary storage of materials, including recycling,
reuse, and disposal. Temporary installations and finished products also take up
space and can impact traffic flow. For example, partitions can impair traffic flow,
while finished flooring can restrict it. The occupation of spaces also changes as
the work progresses, so it is important to monitor and accommodate these
changes. Therefore, space management needs to be coordinated throughout the
construction phase. Traditional planning methods do not consider the analysis of
critical spaces or their evolution over time. As a result, they produce schedules
that do not reflect the reality of the construction site. Dynamic space-time
planning means modelling the operational flow in different sectors of the
construction site to optimize the construction process. Efficient space
occupation allows for more effective utilization of available resources. This
paper aims to analyze the spatial requirements of various construction
operations and develop standardized artifacts that integrate spatial information
into the schedule. To achieve this objective, the methodology aims to: (i) Conduct
site surveys to collect data and analyze construction operations and their spatial
needs; (ii) Define the necessary parameters for determining the occupancy rate
(OR); (iii) Develop the needed artifacts for representing the static models based on
the survey results and the developed occupancy parameters to visually depict and
compute various types of occupancy and operations; (iv) Conduct workshops
with the professionals in the construction industry. The participants were asked to
provide feedback on whether the artifacts effectively captured the various
aspects of construction work, such as equipment, tools, materials, and safety
protocols. The aim is to validate that the artifacts as reliable representations of

Abbreviations: Lb, length of the building; Lp, Length of the sector; Losec, Safety length to be added to
the OT; Loot Length of the OT; Sot, Area the OT occupies; Wb, Width of the building under construction;
Wot, Width of the OT; Wp, Width of the sector; Wsec, Safety width to be added to the OT; %sec, Security
zone occupancy rate; %ot, Occupancy rate of an OT in a sector.
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real-life construction scenarios. The feedback and input provided by the
professionals helped to ensure that the artifacts were accurate, informative, and
valuable for training purposes in the construction industry.

construction management,

planning, scheduling, space-planning, chronographic

modeling, occupied space, occupancy rate

1 Introduction

The conventional approach to planning building construction
projects uses the Gantt/Precedence diagram to produce an execution
schedule. This method combines the visual representation of a Gantt
chart with the logic of the Precedence Diagram Method (PDM) to
calculate the critical path of activities and margins. Resources are
then allocated to activities and leveled out in an attempt to smooth
out their use. With its four types of relationships PDM permits the
overlapping of the activities which have partial start or partial finish
dependencies, without an obligation of splitting them. These same
dependencies, which makes the method more manoeuvrable, affects
its accuracy. Errors can arise, such as the reverse critical path (Wiest,
1981) in which when one diminishes (increases) the duration of a
critical activity, the project duration increases or be unchanged
(diminishes or be unchanged). This method also lack precision with
the use of multiple calendars (Kim and Jesus, 2005), or when using
lags to simulate production (Francis and Edmond, 2006). These
inaccuracies can compromise the reliability of the schedule and
hinder the ability to effectively monitor activity interdependencies.

Moreover, the critical path calculation solely relies on activities
and time, compromising its accuracy for planning buildings
projects. By neglecting factors such as space use, resource
availability, material handling, and storage, leads in an inaccurate
and an incomplete schedule. Scheduling simultaneous activities in
the same place, or leaving spaces underutilized, may lead to
congestion or relaxation at sites, impacting the project’s timeline.
Thus, this logic poorly responds to both the needs of general
contractors and subcontractors.

General contractor coordinates subcontractors at the construction
site to ensure linear production and prevent relaxed or congested
construction sites. They also oversee material supply logistics.
Therefore, traditional methods do not suit for them. Resource
management, while neglecting space management, can be inefficient
and result in inaccurate scheduling. It is crucial to ensure that resources
are not overused beyond the capacity of the workspace, as this can lead
to congestion and hinder the movement of people and materials,
ultimately impacting productivity on construction sites. Traditional
planning methods often struggle to model spaces effectively on a
construction site, focusing more on tasks and constraints.

Subcontractors allocate resources to the site and plan their
weekly activities accordingly by assigning activities to resources.
This approach contrasts with the Gantt/Precedence modeling logic.
While resource allocation is crucial, rather than planning resources
and ensuring linear resource utilization, Gantt/Precedence involves
scheduling activities first, then assigning resources, and finally try to
level resource. Conversely, planning teamwork by assigning
activities presents a more coherent approach to ensuring
consistent resource utilization.
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The growing need to track and locate the different resources on a
construction site has led to the development of many space planning
methodologies over the years. This research aims to develop a model
that accurately captures the progress of construction operations,
enabling linear planning and streamlining project site monitoring.
The aim is to enhance scheduling methods for planning building
construction projects by proposing and categorizing standardized
artifacts for dynamic utilization of construction space, thereby
improving the optimization of the operations.

2 Background and justification

The management of available space on a construction site
directly affects a project duration, costs, and safety (Mawdesley,
Al-jibouri, and Yang, 2002). However, this discipline is often
underestimated by project managers (Guo, 2002) and remains a
rather difficult and unfamiliar exercise for managers. Moreover,
spaces are dynamic and evolve over time according to the various
phases of the project (Francis and Morin-Pepin, 2017), making each
construction project unique. Therefore, it is difficult to establish a
universal method for managing spaces (Mawdesley, Al-jibouri, and
Yang, 2002).

This is why the management of space on the site is left to the
discretion of the project manager and his superintendent (Akinci
and Fischer, 2000). The latter is poorly equipped and tries to resolve
space use conflicts by direct negotiation on the site in response to
specialized contractors’ and suppliers’ space needs. This mode of
operation regularly results in unnecessary movement of materials,
equipment, and workers, increasing the risk of accidents and injuries
and contributing to lost time and productivity as well as conflict.
Francis (2015) stressed that what is not modeled cannot be managed
properly, and any model must allow to identify the sources of
problems and even be able to anticipate them.

To remedy this situation, several researchers have studied space
management, better known under as space planning. Based on the
type of use (work, storage, circulation), Riley and Sanvido (1995)
described the behavior of these spaces according to the nature of the
work performed. Whereas, Winch and North (2006) proposed
defining spaces based on their state of occupation (free,
occupied), Zouein and Tommelein (2001) did so based on their
physical changes during the execution of the activity, and Frandson
and Tommelein (2014) did so based on the stakeholder needs.

This led Francis and Edmond, (2006) to develop the
chronographic modeling, which is centered in part on the
concepts of space planning and the need to develop management
and planning applications that are better suited to the construction
industry. Its main attraction lies in its graphical capacity to present
useful information to the construction project manager. From its
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conceptual framework and graphical protocol (Francis, 2013; 2019;
Ardila et Francis, 2015a; 2015b), a series of tabular and graphical
models is proposed that generates displays adapted to various types
of projects, specialties, and the range of situations that can arise
during a construction project.

Graphical representations of spatial planning, oriented towards
the linearization of resource management, offer a platform more
suited to the detection of spatial conflicts. Indeed, the impact of
spatial congestion, or relaxation, on planning is a well-known
problem in the construction field. Already in 1989, Sanders et al.
(1989) estimated a loss of efficiency of about 65% due to space
congestion. Despite the frequency of these conflicts, the industry still
does not consider the available space when planning future work
(Akinci and Fischer, 2000).

Akinci et al. (2002) sought to formalize the analysis of
spatiotemporal conflicts and to develop a procedure for
classifying and prioritizing them. These conflicts are analyzed in
four (4) steps: i) detection of conflicts in the production model, ii)
aggregation of conflicts, iii) categorization of aggregated conflicts,
and iv) prioritization of aggregated conflicts. Subsequently, Akinci
et al. (2022) described a formal way to automate the determination
of schedule impacts of time-space conflicts. Predict the behaviors of
interfering activities and schedule those behaviors’ impacts given a
spatial conflict.

Guo (2002) combined MS-Project and AutoCAD to develop a
process for detecting and resolving space conflicts on the
construction site. According to him, the CAD system allows
managers to specify prioritization criteria to perform and detect
space conflicts from the planning and propose a solution in the
project CAD plans. This decision-support system allows managers
to solve this complex problem more efficiently and with
more precision.

Chua et al. (2010) proposed a methodology that distinguishes
between several classes of conflicts. They mainly sought to show the
links between space conflicts and congestion on construction sites.
To do so, they introduced two (2) indicators that can be used as a
complement to 4D-CAD analyses: i) the dynamic space interference,
which allows for quantification of the interference when conflict
arises between activities, and ii) the congestion penalty indicator,
which allows for the evaluation, analysis, and comparison of the
feasibility of several timelines.

Mirzaei et al. (2018) developed a new approach that dynamically
detects spatiotemporal conflicts. First, the crew workspace is
determined by their movements within the various sectors.
Subsequently, this information is inserted into a BIM-4D
simulation to detect, calculate, and dynamically display the
position and size of conflicts between work crews during
construction.

3 Goal, objectives and limitations
3.1 Needs and justification

The increased ability to model the available space allows
managers to plan workflows more effectively, minimize resource

movement, optimize space utilization, and improve safety on
construction sites. Researchers have focused on the detection and
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resolution of space conflicts by mean of mathematical or graphical
models, static or dynamic. According to our knowledge of the state
of the art, to date, none of them have categorized or standardized
visual artifacts to represent the workflow, static or dynamic, of the
various occupation types (OT) at the site. Therefore, a standard
protocol is necessary to facilitate the modeling and communication
of the position and the space required by resources through the
schedule. Artifacts that can schematically show a static and dynamic
representation of the site occupancy rates of construction
operations, allowing construction managers to model, plan, and
optimize spaces, thereby avoiding congestion or zone relaxations by
promoting linear and uniform production.

3.2 Research goal and objectives

The primary objective of this research project is to enhance
scheduling methods for planning building construction projects.
This will be achieved by developing a methodology to construct a
dynamic spatiotemporal representation of the occupancy rate (OR).

This project is intended to develop a graphical protocol for
modeling site occupancy rates based on information that managers
can easily obtain when planning a construction project, so an
empirical approach based on design-science concepts was
developed. The mission of design science is to develop knowledge
that the professionals of the discipline in question can use to design
solutions for their field problems (Van and Joan, 2005). Based on
procedural methodologies and spatiotemporal chronographic
modelling (Francis, 2004; 2016; 2020), these models will allow
the calculation and anticipation of spatiotemporal occupancy
rates of construction sites and use it as a leveling factor to ensure
optimal utilization of available indoor and outdoor spaces during the
planification phase. The aim is to create and analyze the dynamic
model of the occupancy rate schedule and identify over- and
underutilized sectors.

The primary strength of the proposed method lies in its capacity
to generate a dynamic schedule that not only captures the
construction timeline but also models the spatiotemporal changes
in the OR of the construction site. This integrated approach aims to
introduce an additional layer of information, specifically the
schedule, all
construction

occupancy rates, to the construction while

minimizing the burden on already busy
project managers.

Thus, the key objective of this paper is to formulate and classify
standardized artifacts tailored for dynamic optimization of
operations, emphasizing on the improved utilization of
construction site space. These artifacts, presented schematically,
both

operations and the spatial allocation of resources. This clarity

must effectively and clearly represent construction
enables project managers to make well-informed decisions,
optimizing the construction process and enhancing overall

productivity.
3.3 Research methodology

To achieve this objective, the design of the artifacts
demonstrated in this paper follows the analytical method
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presented by Hevner et al. (2004). Based on this, the research
methodology specifies the following steps: (i) Information
gathering and static analysis of the construction operations and
their space requirements; (ii) parameters for the Occupation Rate
(OR) calculation; (iii) modeling of static artifacts and calculation to
graphically represent the different occupancy and operation type
(iv) validation of created artifacts through workshops. The following

four sections will explain this methodology in detail.

3.4 Research constraint and limits

This study is limited to building construction projects, and the
user must have excellent knowledge of construction processes,
specifically construction techniques and management used by
specialized contractors. Plus, at the time of this writing, no
prioritization process has been defined in the event of a conflict
between the critical path on a CPM/Gantt and if the occupancies
rates are too high.

4 Information gathering and static_
analysis of the construction operations
and their space requirements

In order to define the information and parameters needed for the
calculation of occupancy rate, as well as information breakdown
structure (IBS), an empirical approach was used. This approach
consists in gathering information during the construction of real
project. Therefore, three (3) projects were used as reference: the
renovation of a luxury hotel in Montreal, which took place in 2016;
the construction of a new pavilion; and the renovation of the library of
the Ecole de Technologie Supérieure (ETS), which took place between
2017 and 2019. On the reference projects, weekly takeoff of the entire
construction site, supported by sketches and photos, was done (Morin
et al,, 2019). The objectives were to understand the links between the
available space in each sector' and the space required by the work teams
to execute the operations and the key challenges that construction
project managers faced in managing the spaces were also identified.

Given that enhancing the planning quality of construction
projects is a key objective of this research project, an empirical
methodology was employed. The initial phase involved on-site visits
to gather data on the positions and spatial occupancy of everyone
and everything participating in the construction process. To achieve
this, three specific projects were chosen for takeoffs and analysis.

The first was the renovation of the Fairmont Queen Elizabeth
Hotel in downtown Montreal. This project was chosen because for
the vast scale of the required demolition while keeping the structure
intact. The second project was the reconstruction of the ETS’s
library. It was chosen because the works had to be done while
there were still students around. The final project was the
construction of the new pavilion of the ETS. A five (5) story
building that include office and workshops for the clubs of the

1 In this article, a sector is an area on the construction site where work is

performed, such as a floor, a room, or part of a room.
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students, and classrooms. Those construction projects were a good
opportunity to collect a good variety of data on the position and the
occupation of everything that can occupy space during a building
construction process.

Weekly takeoff, supported by sketches and by photographing
the entire project (Morin et al., 2019), were done. Then, the pictures
were analyzed (Figure 1 left), and the space occupied on the
construction site, during the takeoff, were transcribed on the plan
of the project (Figure 1 right). Those transcriptions were then
analyzed to determine the qualitative and quantitative parameters
discussed in the two (2) next sections.

4.1 Qualitative analysis

On a construction site, the resources can be of five (5) types; 1)
workers 2) materials, 3) tools, 4) machinery, and 5) reverse cycles.
So, one of the first objectives of this research is to know how these
five (5) resources types are used during daily operations on a
construction site.

During the processing and analyses of these takeoffs, the
positioning of the resources was linked, if possible, to the task that
uses these resources. However, once present on the site, it proved
difficult to follow the progress of some of them, specifically the materials
used by the work teams, which also occupy space when they carry out
work. So, it was noted that it was necessary to classify all the items
occupying space on a construction site according to their uses. These
“space-occupying” items have therefore been named Occupation Type
(OT). Then, the Occupation Type Breakdown Structure (OTBS) was
developed to act as a framework to organize all the information and the
property of the OT.

From there, it was possible to determine and manage every property
that has an influence on the space occupied by an OT. The tree (3) main
property that were identify are the owner, the resources type and their
inclusivity, which indicates the effect that each of them has on the sector
in which they are positioned and is discussed in Section 7.1.

4.2 Quantitative analysis

The next step was to determine and calculate the quantitative
portion, ie., the space occupied by each type of occupancy. Since the
many OT contain one or more types of resources, this means that the
dimensions of many OTs can be determined directly from
their resources.

However, it is different for the work teams, their dimensions
cannot obtain and calculated directly, and given the highly mobile
nature of the operations, their occupations cannot be determined
solely by the size of their resources. Their occupation depends more
on the physical size of the sector where the work is done than
anything else. So, to determine this, two parameters are needed: i)
the internal location and ii) internal displacement. The internal
location refers to “where” in a sector the work is done, basically, on
the floor, on the walls or on the ceiling. Then the internal
displacement specifies the movement the work team will do
inside the sector. Will they work on an entire surface
(installation of the gypsum board), in a linear way (plumbing
and HVAC) or punctual (electrical fixture). The methodology

frontiersin.org
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Electrician tools and materials

FIGURE 1
Left: takeoff picture, right: plan representation of the same picture.
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FIGURE 2
Sector types and parameters.

based on those two (2) parameters, presented in Morin and Adel,
(2018), and applied in sections 7.1.3, was developed, thus linking the
physical propertied of a sector to the work teams, allowing the
calculation of the space required by each work team.

> Parameters for the occupation rate
(OR) calculation: definition and
parameters

This section defines the required parameters for the calculation
of the OR. We examined and studied each takeoff to identify
parameters associated with sectors,

occupancy types, and

operations. Subsequently, we constructed the information
breakdown structure (IBS) based on these findings, which serves
as a consistent framework throughout this research.

Some data, such as the total length of walls and the maximum
available area, can be obtained directly from the plans. Others are
static such as sectors. And some others are dynamic, such as
accessibilities, and circulations. But all those parameters must be
determined by the manager based on the planning.

Four (4) possible accessibility options for a sector were

identified: 1) open, ii) restricted access, iii) temporary closure and
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iv) not accessible (Figure 2) Each of them will impact the design and
modeling of the artifact differently.

An “open” sector is the least restrictive accessibility parameter.
That means that the sector can be assigned to anyone without
security
equipment required to access the whole construction site. In this

additional accessibility ~constraints, using standard
situation, the entire area and length of the walls are available for the
calculation of the OR.

“Restricted access” imposes additional safety constraints on the
sector. A good example is areas requiring a safety harness due to the
risk of falling or closed areas where a gas sensor must be worn to gain
access. In this situation, the entire surface area and length of the
walls are available for the calculation of the OR but under certain
specific conditions.

A “temporary closure” involves making the area temporarily
inaccessible. For example, work could be done in a corridor,
blocking the entrance to some sectors, or on the floor, making it
is necessary to wait for a certain period before anyone can walk on
the floor again. In this situation, although no work crew is present,
the area will be fully occupied (OR = 100%) and included in the OR
calculations.

Finally, the setting of “not accessible” is used in situations in
which a sector is inaccessible. An example would be a large opening

frontiersin.org
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FIGURE 3
Occupation types and parameters

in the floor where extensive preparatory work, such as scaffolding,
will be required to make the sector accessible. Inaccessible areas are
therefore not included in the occupancy calculations.

5.1 Occupation type (OT)

When calculating the occupancy rate, we identify and classify
the OT's using the type of construction operations that will occupy
the space. This distinction is made because it is necessary to
categorize and reserve the required space based on how the task
will progress inside the sector or, in the case of material, the
occupation of the space. For this purpose, the OT breakdown
structure (OTBS) is proposed (Figure 3). The OTBS comprises
four (4) categories: 1) general occupation, 2) storage, 3)
operations, and 4) permanent occupation.

5.1.1 General occupation

The first OT category concerns the items and resources required
for the management and general operation of the construction site
that cannot be assigned directly to a single operation. The general
contractor’s site trailer, temporary stairs, lifting and handling
equipment, and reception areas are good examples of general
occupation.

5.1.2 Storage

In the construction of buildings, tools, machinery, materials,
waste, and/or reused and recycled materials must be stored on the
job site before they are used (inbound) or taken off the job site
(outbound). Therefore, any resources awaiting use or permanent
installation are placed in interim storage.

Frontiers in Built Environment

5.1.3 Operations

The management team’s primary task is the coordination of the
construction operations, usually subcontracted for a building project.
The quality of this coordination will directly affect the project quality,
deadlines, and costs. In the planning of the work, any lack of space to
perform operations will impact the progress of the work and the overall
schedule. Therefore, the operations, which include work crews, tools,
machinery, and materials, are characterized by the three (3) parameters,
shown in Figure 4. The first is the Work Breakdown Structure (WBS),
which identifies each of the tasks to be executed. The next two (2)
parameters, internal displacement, and internal location, will be used to
determine the space that has to be reserved in each sector where the
operations are performed, as identified by the WBS. The combination of
these two (2) parameters results in nine (9) internal OTs that can be
reserved for each operation (Morin and Adel, 2018).

5.1.4 Permanent occupation

As the operations progress, the installation of the various
components in their final location will result in a permanent
decrease in the available space on the site. This is referred to as
permanent occupation. There are two (2) situations that can cause
this decrease in available space: i) installation of equipment,
materials, and services and ii) partial acceptance of the building
sectors. In the context of the installation of equipment, materials,
and services, even if work in the concerned area is not complete, the
space occupies by this OT will no longer be available for the
remainder of the construction phase. A link to the product
breakdown structure (PBS) and the service breakdown structure
(SBS) can help construction managers determine which OT will
be using this space. Since construction is not complete, those areas
are still included in the OR calculation.
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Parameters of the operations.

As the construction of the building progresses, mainly toward the
end of the construction period, the work will eventually be completed in
certain sectors. It is important to mark these sectors as no longer
accessible, primarily to avoid damage to the finished sectors. These areas
will be indicated as ready for acceptance. This OT occupies all the
available space in the areas for the remainder of the construction period.
Therefore, when this type of occupancy occurs, the sectors are no longer
included in the calculation of the OR.

5.2 Occupation type parameters

Following the identification of the OTs, each of them must be
characterized by the parameters shown in Figure 3. Therefore, for
each OT, it will be necessary to indicate the owner and the type of
resources. The surface area will be calculated using the two (2)
methods described in the next section.

6 Modeling of static artifacts and
calculation to graphically represent the
types of occupancy and operation

The first step in calculating OR is to determine the occupied
space in each floor or zone. Two (2) methods for calculating the OR
for an OT are proposed. The detailed method offers the ability to
calculate a more accurate occupancy rate. For this, artifacts were
specifically designed to visualize, interpret, and analyze the
information and parameters that all the resources will use on the
site and, most importantly, the space they will occupy. However, it
requires a great analytic effort from the manager. To counter this
problem, a simplified and more practical method is proposed, which
relies partly on the manager’s experience.

Frontiers in Built Environment

6.1 Simplified method

With the simplified method, rather than conducting a detailed
analysis based on artifacts, the project manager directly determines
the space the OT occupies. The calculation of the occupation of each
sector by OT is based on the inclusivity parameter identified in
Figure 5. The purpose of this parameter is to indicate whether other
OTs may be present in the same area at the same time. Therefore, in
the simple method, the area an OT occupies will depend directly on
its inclusivity parameter.

When an OT is exclusive, no other OT can be present in the area
at the same time, so it will occupy all the available space (%o =
100%). In the case of a primary inclusive OT, the OT has priority in
the area, and it will be assigned the most of the available space.
Finally, when an OT is secondary inclusive, it is not a priority in the
sector and will be assigned less space. The primary and secondary
inclusive values are determined by the project manager when
planning the project, with the primary inclusive taking most of
the available space and the secondary inclusive taking the rest. For
example, a project manager could specify for a primary inclusive OT
an OR representing two-thirds of the available space in a sector
(%1 = 67%). The secondary inclusive OT will then occupy a third of
the available space in a sector (%o = 33%). So, a sector with one
primary and one secondary inclusive OT would be fully occupied,
and a sector with two (2) primary inclusive OTs would be over-
encumbered, with a total OR of 134%.

6.2 Detailed method

Generally, in construction, overlapping works are not allowed.
Thus, the space occupied by any work on a site can be measured in
occupied floor area, i.e., in m* So, in the detailed version, the area an
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Properties of static occupations.
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Legend for the artifacts.

OT occupies will be calculated in m* using a more detailed analysis
of the OT. Specific artifacts and matching equations were developed
to represent some of the situations that could arose. It should be
noted that the main purpose of this paper is the presentation of the
artifacts. Because once the artifact has been determined for a task,
the manager will then have to design the equations that will calculate
the OT for that artifact. Figure 6 shows how the available and
occupied space will be represented on the following artifacts.

6.3 Exterior work, excavation, and
superstructure

Excavation and superstructure works are among the first
important works of the project, and they alone occupy a large
part of the available area on the construction site. Usually, the
space occupied for this work is larger than the footprint of the
building alone, to which must be added the safety zone because of
the great risk these types of work generally cause. Therefore, in the
artifact shown in Figure 7, the area the OT occupies can be
determined by adding the extra length (L, and width (W,,) of
the safety zone (W = safety width and L. = safety length) to the
dimensions of the future building to be constructed (W}, = width and
L, = length). Equation 1 allows us to calculate the area that the
excavation and the superstructure teams will occupy.

Sot = (Wb +2W, + 2W5ec) X (Lb + 2Ly + 2Lsec)

Frontiers in Built Environment

Equation 1. Area for excavation and superstructure.

6.4 Exterior work, building facade

Once the superstructure work is completed, the next step for the
exterior work is usually to install the exterior cladding (Figure 7-
left). As Figure 7-right shows, the area this OT occupies will start
from the exterior facade of the building and extend outward by the
required length and width (L, and W,,). With the surrounding
safety zone (L. and Wy,.) added, equation 2 can be used to calculate
the occupied area at the perimeter of the building.

Sut = 2(Wh X (Lot + Lsec)) + 2(Lb X (Wot + Wsec))
+4((Wor + Weee) X (L + Leec))

Equation 2. Area for building facade.

6.5 Linear work on the floor or ceiling

For linear work on the floor or ceiling (the artifacts for linear work
on the walls are presented in Sections 7.6 and 7.7), such as the
installation of ventilation ducts (Figure 8) and plumbing, the
objective is to determine the length of the item to be installed (L),
which will be multiplied by the width required for the work teams
(W), to which a safety width (W) is added on each side. Equation
3 will allow us to calculate the area this type of occupation will occupy.

Sot = (il’ati

> X (WO[ + 2W$8C)
i=1
Equation 3. Area for linear works.

6.6 Interior work, maximum area,
and perimeter

In some situations, the OT will use all the available floor space in
the area, whether it is on the floor, ceiling, or walls. In this case, the
area the OT occupies (Figure 9) will be equal to the available floor
area (S,,) in the space (equation 4). However, when the OT involves
work on the walls (Figure 10), it will be necessary to assign all the
walls” distance (Loy) to the OT (equation 5).

Sot = 100% x S,,,

Equation 4. Utilization of the maximum available area
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FIGURE 7

Left: Picture of work on building fagade, right: Corresponding artifact for exterior work, excavation, superstructure and building facade.
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Left: Picture of HVAC work, right: corresponding artifact.
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FIGURE 9
Left: Picture of work on the floor, right: corresponding artifact.
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FIGURE 10
Left: Picture of work on the wall, right: corresponding artifact.
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Sot = (Wt + W) x (2L +2W,)) = 4(W oy + Woe,)?

Equation 5. Use of the maximum available wall.

6.7 Interior work, part of the area
or perimeter

Although some OT is similar to the artifacts presented in the
previous section, it will require only a portion of the floor area,
ceiling area (Figure 9), or walls (Figure 10) available in the sector.
For the floor and ceiling, it will be necessary to estimate in advance
the portion of the area (%,,) that will be required for the occupation
type. By adding a safety zone (%;..), equation 6 can be used to
calculate the required occupation.

Sot = (%ot + %sec) X S

Equation 6. Use of a portion of the available area.

When only a part of the walls is required, it will be necessary
to determine which walls the OT will affect. This wall length is
then the multiplied by the reserved length for the OT (Lo,,), plus
the safety zone (Log.). Equation 7 therefore can be used to
calculate the area an OT occupies on a portion of the available
walls in a sector.

Sot = ((War + W) X (L + W,)) = (Wer + W)

Equation 7. Use of a part of the available walls.

6.8 Interior work, use of the dimensions of
the occupation type

Finally, the last possibility to determine the OR of an OT is to
use the latter’s dimensions (Lo, and W) directly (Figure 11), to
which we add the safety zone (L and W) around it
(equation 8).

Sot = (Lat + 2Lsec) X (Wot + 2Wsec)

Equation 8. Occupancy using the dimensions.
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7 Validation of the created artifacts and
graphical protocol through workshops

This study was intended to simulate the OTs that may occur during
the construction process through artifacts. To validate these artifacts
and understand how construction workers and professionals can
visualize and interpret the space the work teams and resources
occupy, semi-supervised workshops were carried out with the help
of an online questionnaire (https://forms.gle/rEagBmgL]JUGZDfgm6).
Participants were shown pictures of specific operations taken during
real construction projects and were asked to evaluate the
representativeness of artifacts that could represent the task and/or
resources shown in the picture.

A total of 24 participants for this workshop, who came from
various domains of the construction industry in Quebec, were
interviewed. An online (via Zoom or Team) or live meeting was
planned with each participant to help them carry out the workshop.

Before starting the workshop, participants were shown three (3)
videos. The first explained the objectives of the research and this
workshop. The second explained in detail the legend used for the
conception of the artifacts (Figure 6) and how the artifacts worked.
Finally, the third video presented an example question. These videos
were followed by a question period to confirm that participants had a
good understanding of how the workshop worked. Once the workshop
was explained, they were left alone to do the workshop. But we were still
available in case they had some questions during the workshop.

The participants were shown 20 photos and descriptions of various
operations taken from real construction sites, some standard and some
more ambiguous. For each of these photos, the participants had to
evaluate the representativeness of three (3) proposed artifacts that could
represent these operations. Like it was said in section 7.2, the main goal
of this paper is the conception of the artefacts. So, it was decided to not
include the corresponding equation for the proposed artifacts, so that
the participants could focus only on the artifacts while doing the
workshop. The representativeness was evaluated with the help of a
Likert scale from one (1) to four (4): 1) unrepresentative, 2) rather
unrepresentative, 3) rather representative, and 4) representative.
Participants could also express appreciation and suggest improvements.

Figure 12 Shows that most of the participants (91%) work or
have worked for a general or a specialized contractor and therefore
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FIGURE 11
Left: picture of work on the ground with his dimensions, right: corresponding artifact.
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FIGURE 12
Years of experience of the participants in each domain.
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FIGURE 13
The participants’ educational level.
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FIGURE 14
Partial workshop results.

have directly worked on a construction sites, and 9% came from
architecture and engineering firms. Of the 24 workshop participants,
eleven (11) worked for a general contractor and a specialized
contractor. Regarding the educational level, Figure 13 shows that
63% (15) had a bachelor’s or master’s degree, 13% (3) a college
degree, and 17% (4) a vocational diploma.

Figure 14 shows four (4) operation and storage situations. The
first one represents The installation of the windows support for the
mechanical room on the roof. Three (3) artifacts could be
considered: i) assign the outside of entire perimeter of the room
(artifact 1), just one wall (artifact 2), and just the window on which
they are working on (artifact 3). The participants considered the first
artifact the most representative (88% indicated this artifact is “rather
representative” or “representative”).

The second situation represented two workers on their own nacelle
installing the HVAC ducting system. Because of the risk of falling objects,
the three artifacts considered were linear work (artifact 1), separate teams
(artifact 2), or fully inclusive (artifact 3). The participants considered the
first artifact the most representative (50% representative and 38% rather
representative), followed closely by the third artifact (25% representative
and 50% rather representative). Data concerning the second artifact is
inconclusive, with 59% considering the artifact “rather unrepresentative”
or less and 41% “rather representative” or more.
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The third situation represents the installation of a cinder block
wall. It should be noted that the concrete saw and mixer were not in
the same sector as the work team. Because of the concrete work, the
considered artifacts were the area fully exclusive (artifact 1), both
sides of the wall set as occupied (artifact 2), and considering only one
side of the wall occupied (artifact 3). Artifact three (3) was the most
representative; 67% of the it
“representative.” 71% of the participants considered the second
artifact “rather representative.” Finally, the first artifact is not
representative because 58% of the participants said it was “rather
representative” or less and 42% “rather representative” or more.

participants  considered

Finally, the fourth example situation represented the presence of
scaffolding. Technically, work could be done under and around it.
Artifact two is considered the most representative of the three; 76%
of the participants considered it “representative” or “rather
representative.” The data regarding artifacts one and two were
with 46%
unrepresentative” or less and 54% “rather representative” or more.

inconclusive, considering them “rather

The purpose of this workshop was to validate the main artifacts’
parameters to represent the site occupancy: i) the OT positioning, ii) the
inclusiveness, and iii) the legend. This workshop information was taken
from a real construction project. For each situation, three (3) artifacts

were created using a variation of those parameters. Since this research
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project is mainly intended for professionals, obtaining their opinions,
priorities, and vision was important to validate the artifacts’ parameters.

The schematization of the presented situations allowed the
participants to evaluate the importance of the parameters
discussed during the workshop. All the artifacts presented in
chapter 7 were used in at least one of the 20 presented situations,
and each of them was considered the most representative in at least
one situation. These validation results confirm that the parameters
used for the creation of the artifact are representative of how the
space is occupied by the work teams and all the resources that can be
present during the construction phase.

However, the suggestions made during this validation allowed us
to make some adjustments, especially in the work carried out inside
the walls, such as installing plumbing pipes, installing insulation,
and installing a curtain wall. Initially for these situations, it was
planned to reserve the workspace on both sides of the wall where the
work is carried out. However, following the workshop, it turned out
to be more representative to reserve workspace only on one side of
the wall where the work is done.

8 Conclusion

The proper management of the available and occupied space in a
construction site is essential to ensure an effective workflow during a
building project’s construction phase. However, construction project
managers lack the proper tools to manage this space upstream of the
construction phase, possibly leading to a relaxed or an over-encumbered
site, increasing the risk of accidents and creating sub-optimal schedules.

Space management therefore contributes to producing more
realistic and better-optimized deadlines. It facilitates the
identification and calculation of the spaces occupied by all the
OTs that will be present during construction at a given time. To
do this, this document includes the parameters that will be necessary
to characterize the sectors of a given construction stage. Then, two
(2) methods for calculating the space occupied by the OT are
proposed. A simplified method that draws on the experience of
the project manager to prioritize OTs and determine their priorities,
and a second, more detailed method. The latter method uses a series
of artifacts to accurately calculate the occupancy of each OT.
Although it requires more time and calculations, this second
method offers better space optimization results.

Note that it is almost impossible to create artifacts for every
situation that may arise on a construction site. To remedy this
situation, artifacts are created to allow design flexibility. Thus, the
manager can use the same concepts to create artifacts adapted to
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