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ABSTRACT
The world is a dynamic and ever-changing environment leading decision makers to believe that from
plan to execution, unforeseen conditions will undoubtedly occur. The military is known to face unfore-
seen obstacles while conducting the operations forcing leaders to plan for deviations. The construction
sector is not far from the military in terms of planning and executing under uncertainty. Military control
rooms has shown their effectiveness in several industries, but little research has been made on the use of
control rooms in construction. This paper illustrates how a control room could be used in construction
and highlights the associated advantages. Thus, the objective of this research is to study the deployment
of a Construction Control Room (CCR) for project monitoring and control on a live project where intense
collaboration is required. Results of this study show the effectiveness of using a CCR for project monitor-
ing and control, and how it could be rapidly deployed for crisis management using digital tools.
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Introduction

The world as we know it is a dynamic and ever-changing envir-
onment. Decision makers believe that between the plan and exe-
cution, unforeseen conditions will undoubtedly occur (Davidson
1991). In the word of military operations, every step within the
plan is susceptible to change. Helmuth von Moltke, Head of the
Prussian & German Staff, explains, ‘No plan of operations
extends with certainty beyond the first encounter with the ene-
my’s main strength. Only the layman sees in the course of a
campaign a consistent execution of preconceived and highly
detailed original concept pursued consistently to the end’. The
construction industry is akin to the military in terms of planning
and execution uncertainty. One of the most common issues con-
struction faces is project and task delays (Assaf and Al-Hejji
2006). Planners also face uncertainties on a regular basis
throughout the project’s lifecycle. Researchers have found that
more than 56% of construction projects suffer from uncertainties
(Howell et al. 1993). Additionally, uncertainties affect not only
project objectives and means, but also impact production systems
in terms of workflow and resource availability (Ballard and
Howell 1998).

To mitigate the effects of uncertainty during operations, the
military uses control rooms to proactively detect any unforeseen
ambushes and to deal with the worst when it occurs. Military
control rooms provide a comfortable and collaborative environ-
ment for teams to resolve emerging problems and constraints in
a fast and efficient way. Several economic and trade sectors have
adopted control rooms to monitor and control their tasks such
as in nuclear power plants (Harmon et al. 1994).

In construction, several technologies are being developed to
enhance the planning and control aspects of projects (Song and
Eldin 2012). Li et al. 2015 used game engines to develop a tool

that visualizes the location of workers wearing location tracking
devices during pre-cast concrete installation to proactively detect
any unsafe behavior (Li et al. 2015). The closest concept to the
military control room was used for visualizing the progress
during meetings (Fischer et al. 2002). Furthermore, immersive
VR-Based environments are used to enhance the experience and
efficiency of constructability related meetings (Boton 2018).
Another framework has been proposed to allow engineers to
visually inspect and analyze project data and the interdependen-
cies between building elements (Kuo et al. 2011). Lean construc-
tion, on the other hand, presents a collaborative physical
environment which is called the Obeya room. The Obeya room
is categorized as Toyota’s most important visual control innova-
tions. The Obeya system is a physical conference room in which
visual management tools such as dashboards are hung over the
room’s walls so that problems and plan deviations can be directly
identified. Toyota has found that deploying the Obeya system
can yield to faster and more accurate decision making, improves
collaboration, creates a smoother and faster information gather-
ing process (Liker 2004). McHugh et al. (2019) integrated the
Last Planner System (LPS) for Production Control with Building
Information Modeling (BIM). Their research presented a case
study in which the researchers implemented this integration
using a tool named VisiLean which allows planners to develop
look-ahead and weekly plans in a digitized system visualized on
the walls of the meeting room (McHugh et al. 2019).

Although researchers have developed many tools to enhance
project collaboration and project control, little effort has been
made to develop a concept like that of the military control
room. Perhaps, the system presented by McHugh et al. 2019 is
the closest in concept to the military control room. However, the
presented system is mostly used during meetings and planning
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sessions rather than on-going monitoring and control.
Construction literature highlights deficiencies pertaining to
effective communication and collaboration, allied to slow respon-
siveness to live issues requiring attention (Hamzeh et al. 2016;
Oakland and Marosszeky 2017). This manifests in the form of
delays to trades on site which cumulatively leads to overall pro-
ject schedule and cost escalation, and possibly contributing to
safety, quality, and value loss (Mossman 2019; Ballard et al.
2020). Other sectors address this problem by constant manning
of their control rooms, for example, between the bridge and the
Engine Control Room of a ship (Flin and O’Connor 2017). This
study evaluates application of the ‘Construction Control Room’
concept to a live construction project, examines the challenges
faced, and suggests improvements for wider application on other
construction projects.

On the 4th of August 2020, the third most powerful explosion
in history took place in the port of Beirut, Lebanon. An amount
of 535 tons of poorly stored Ammonium Nitrate exploded caus-
ing nuclear bomb-like damages to Beirut (Aouad et al. 2020).
The catastrophic explosion killed more than 200 people, and ser-
iously injured more than 6000 people. Due to the produced
shockwave, thousands of buildings were either destroyed or
immensely damaged. MAN Enterprise, which is one of leading
construction firms in the Middle East region, put its full capabil-
ities to help in the reconstruction of Beirut. However, dealing
with a crisis like this required a different approach. Several fac-
tors made the reconstruction project a unique and challenging
one. For starters, the project was not anticipated nor planned for
and emerged at a scale no one expected. Moreover, the recon-
struction project had a humanitarian purpose which was to
reconstruct and repair damaged apartments before winter and
the Christmas season. Furthermore, each apartment was consid-
ered a unique project with a different client and each having a
different set of values and requirements. Hence, the nature of
the reconstruction project was fast-paced and complex in terms
of the number of parties involved. To add to the complexity, the
damaged properties are spread over more than three km2. To
overcome all these complications, the project required a well-
integrated system to monitor, control, and coordinate the recon-
struction process.

This research aims to add to the previously developed con-
cepts in construction management to enhance project monitor-
ing and control by presenting the Construction Control Room
(CCR). It presents the development and deployment of a digit-
ally-enabled control room on the aforementioned Beirut recon-
struction project.

Literature review

In this section, the implementations of control rooms in various
industries is discussed. This is followed by a discussion of simu-
lation which is used to achieve the objectives of this paper.
Finally, we present the major philosophies, tools, and techniques
of Lean construction used to develop the proposed CCR.

Control rooms

Due to the complex and unpredictable nature of military opera-
tions, commanders and generals need a system to keep an eye
on critical ongoing operations; this is the military control room
or operation control center. This concept is recognizable from
military-themed movies. These rooms have two main elements: a
collaborative workspace and technological support. These rooms

are equipped with all necessary technologies to support the flow
of information and live feedback from the location the operation
is being conducted in, to the control room. The control room
allows its users to focus on missions, communicate effectively
with other members of the command, operational teams, and
support groups, and work collaboratively in an organized and
comfortable environment. The control room is similar to the
Obeya system or ‘big room’ of lean construction and production.
It is similar to a control room where a group of experts are gath-
ered to review the progress of the program and discuss key deci-
sions (Liker 2004). Toyota identified principles to establish a
lean process within a system. One of these principles is ‘Use
Visual Control so No Problems Are Hidden’. This can be seen in
construction through the use of dashboards. Researchers have
suggested guidelines to for dashboard development. The dash-
board should fit to one screen, and vibrant colors should be
used to grab the users’ attention to important values or messages
(Velcu and Yigitbasioglu 2012). Hamzeh et al. suggested a dash-
board to visualize advanced LPS metrics, and highlighted the
importance of using visual dashboards in construction while
indicating the effectiveness of using such dashboards to track
and monitor metrics and project progress (Hamzeh et al. 2020).
Furthermore, these visual dashboards seamlessly allow construc-
tion personnel to understand, analyze, and study their perform-
ance while detecting any deviations or problems (Song
et al. 2005).

Due to the advantages of control rooms, several different
industries have adopted such systems to enhance their processes.
Electric power plants use control rooms to monitor electric sup-
ply grids and to communicate with field and generation opera-
tors (Obradovich 2011). Nuclear power plants also use control
rooms to monitor and control operations, processes, and any
deviations in the process state. Their control rooms use alarm
systems, diagnostic systems, and cameras to allow for better
monitoring (Hogg et al. 1995). All airports also have control
rooms that use radar technology to monitor and plan airplanes’
arrivals, departures, and takeoffs (Hurst and Rose 1978). To
monitor roads and highways, transportation control centers are
equipped with large screens that acquire live video feed from city
roads. These control centers are used to monitor traffic intersec-
tions and any accidents that might occur on the roads
(Monahan 2007).

In construction, Fischer et al. (Fischer et al. 2002) developed
a tool called CIFE iRoom that integrates several project informa-
tion and documents such as CPM and 4D schedules. The infor-
mation is presented and visualized on three large screens so that
all entities in the room can have visual access to the presented
information (Schreyer et al. 2005). In Lean Construction, a simi-
lar computer-aided system named VisiLean is developed which
focused on enhancing planning sessions within the Last Planner
System. VisiLean is used to perform phase, look-ahead, and
weekly planning in a technological framework. The main goal
behind developing this system is to integrate the production
planning of lean construction with BIM. Planners are able to
place virtual sticky notes during planning sessions onto building
elements within the BIM model (Dave and Koskela 2011). A
research study has shown that using VisiLean in collaborative
rooms similar the CCR presented in this paper can reduce
defects and labor cost, and improve program efficiency
(McHugh et al. 2019). Also, various systems which fit the con-
cept of the control room have been investigated and developed.
Magill et al. studied the effectiveness and benefits of integrating
4D BIM with construction supply chain and logistics. Although
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the research did not implement a control room, it found that
work visualization using 4D BIM as well as dashboards can pro-
vide valuable benefits to site teams (Magill et al. 2020). De Soto
et al. discussed new and different organization charts related to
dfab. Although the research focused on dfab, the related organ-
ization structures such as the platform-based are aligned with
what control rooms have to offer. Platform-based integration
allows owners to be more involved in a project through proper
collaboration by means of digital platform (Garc�ıa de Soto et al.
2019). Thus, control rooms can be means for such a platform to
allow for better information flow, communication, and collabor-
ation. Also, as control rooms offer a shared and transparent
environment for information sharing, control rooms can enhance
collaboration by increasing three enablers of collaboration such
as trust, commitment, and reliability (Deep et al. 2019). Wang
et al. developed a web-based system which allows users to input
data that is transferred into a database that users can access in a
single platform. The research found that such systems can reduce
non-value adding activities related to information sharing by cre-
ating a centralized and well organized web-based system (Wang
2004). Also, Jansson et al. investigated the deployment of a visual
planning system within meeting rooms. The system made use of
magnetic boards which showcased the design schedule. The
study found that visual planning in collaborative physical rooms
is extremely effective in terms of helping teams to identify bottle-
necks, create better work flow between packages, and to create a
transparent process where everything can be seen visually on the
boards (Jansson et al. 2016).Visually displaying project informa-
tion has several advantages such as the simplification of the
available data, the fast identification and removal of constraints,
and the collaboration of different teams on the same visual plat-
form (Moser and Santos 2003).Despite the advantages of visual
management, Tezel et al. stressed that visual management tools
are still not very well adopted in the construction sector. The
reasons behind this is mainly due to lack of awareness of visual
management and the limited communication between depart-
ments to drive visual management methods further (Tezel
et al. 2016).

The implemented Construction Control Room in this
research adds on what previous research has suggested by devel-
oping a web-based information sharing and visualizing system
and integrating it into the CCR.

Simulation

Simulation as defined by Shannon (Shannon 1975) is the process
of building and experimenting with a computerized model of a
system to understand its behavior or to evaluate different oper-
ation strategies. The use of simulation was first introduced to
construction by Teicholz in 1963 (AbouRizk 2010). In construc-
tion, simulation can enhance our understanding of the processes,
and allows us to perform different types of experiments to opti-
mize schedules (AbouRizk 2010).

There are several types of simulation. System Dynamics (SD)
is suitable for strategic decision-making or policy analysis
(Sterman 2000). Discrete-Event Simulation (DES) is a process-
centric simulation where a chain of activities linked together
through certain conditions and resources are represented (Abou-
Ibrahim et al. 2019).

The process of building a simulation model begins with set-
ting the objectives of the model. Developed ideas can then be
translated into simulation terminologies where important param-
eters, resources, and relations are defined. Since real systems are

extremely complex, simulation models sometimes neglect some
factors for simplicity purposes. After a model is built, verification
and validation must be performed. Verification is checking if the
model is built right, while validation is checking if the right
model is built. In the former, the model’s scope, inputs, and per-
formance are checked in compliance with the initial concepts
and expectations. In the latter, the model’s execution and output
are checked to be in harmony with the real world’s behavior
(Abou-Ibrahim et al. 2019). In construction, simulation techni-
ques are being used in numerous settings for decision making
on construction projects (AbouRizk 2010). To the best of our
knowledge, no simulation model has been built to mimic and
study the significance of control rooms in construction.

Methodology

This study adopts Design Science Research (DSR) as the main
research methodology. DSR produces scientific knowledge as
opposed to explanatory research that aims to understand and
predict phenomena in a certain field (Rocha et al. 2012). It also
connects research and practice leading to stronger relevance of
academic construction management (Alsehaimi et al. 2013). This
paper aims to link research (technological advancements in con-
struction) with practice (a practical framework for project moni-
toring and control) by designing a control room that integrates
different technologies into one framework. The construction con-
trol room is inspired by military operations rooms where differ-
ent entities work together collaboratively in an open space. This
research implements the proposed CCR on a live case study pro-
ject, and the effectiveness of this implementation is captured and
discussed. Simulation is also adopted as part of the research
methodology were a DES model is built to study the flow of
information within the CCR before the deployment of the CCR.
The simulation model is built using the Anylogic software. Also,
Microsoft Power Automate and Power BI were used to develop
an application and dashboard for the CCR. After that, the CCR
is implemented on a live and ongoing project in Lebanon and
feedback on the effectiveness of this implementation is captured.

The proposed CCR was implemented on the Beirut
Reconstruction project in which the main contractor was MAN
Enterprise. The project consisted of re-constructing and renovat-
ing more than 300 buildings including around 2,000 apartments
which were either fully or partially damaged due to Beirut port’s
massive explosion in August 2020 as shown in Figure 1. The GIS
map in Figure 1 shows the location of the explosion along with
the level of damage of each building within the damaged area in
Beirut. The scope of work for this project was to survey all dam-
aged buildings and apartments, assess the damages, quantify the
damages in terms of quantities and cost, acquire subcontractors
to perform the reconstruction or rehabilitation, and finally moni-
tor the progress of the project.

Concept development and testing

Architecture of the construction control room

The construction control room coordinates, supervises, and con-
trols all ongoing live construction projects and activities. Hence,
it combines all relevant engineering and construction entities.
The project commander (Construction Manager or
Superintendent) is the highest authority in the control room
whose job is to facilitate the flow of information within the
room. The room includes entities such as construction managers,
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architects, and engineers from all disciplines as shown in
Figure 2.

Lean construction posits integrating several project entities
into one collaborative room, also known as Obeya Room where
progress is monitored, and decisions are made collaboratively. In
the control room, large screens can be used to monitor several
streams of incoming live data to facilitate data analysis and data-
based rapid decision making. Several technologies can be used to
obtain project data and monitor its progress.

Testing the CCR using simulation

The proposed CCR is used to develop a continuous flow of
information from the construction site to the required teams in
the room. To study the benefits of deploying a CCR before

implementing any costly investments, a DES simulation model is
built. The developed model is used to mimic the flow of infor-
mation and to calculate the durations of the delays per team
before and after implementing the CCR. Thus, the simulation
model contains a source of information which is the construc-
tion site or project, the entities within the room which are mod-
eled as service components, and a sink which acts as the
dashboard where all processed requests are visualized.

To build a DES model, data was obtained from two sources.
Regarding the delay times per entity which is the time taken to
evaluate a request for information, Mohamed et al. (1999) found
that the construction manager needs 3.52 hours to resolve and
issue, while architects and engineers need 3.72 hours.

Reasons for non-completion of certain construction activities
were obtained from a leading Global Project Management And

Figure 2. Control room layout.

Figure 1. Explosion and reconstruction zones.
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Engineering Company, while delay times per entity were
obtained from a research paper by Mohamed et al. (1999). The
reasons for non-completion of planned tasks were recorded for

94weeks. Afterwards, each reason was attributed to a project
entity in charge of addressing the issue (Table 1), and the per-
centages per entity were as follows: the construction manager
was responsible to resolve 67% of the requests for information
(RFIs), the architect was responsible for 17%, and the engineer
was responsible for 16% (Figure 3).

Information flow analysis by Discrete-Event-Simulation

Discrete-Event Simulation (DES) is used in this paper to repre-
sent the workflow within the CCR and to model the process of
data transfer between the entities present in the room. The data
collected and monitored from the site through the technologies
is transferred to the control room and consequently to each con-
cerned entity in the room. The time taken for constraints to be
removed and RFIs to be dealt with can be one of the indicators
for the efficiency of the model.

In the model shown below (Figure 4), site data is collected by
a digital tool which will be discussed later in this research and
are then automatically sent to the Commander who is the high-
est authority in this CCR. He then distributes the data to the
responsible entities according to the obtained percentages (67%
to the CM, 17% to the Arch, 16% to the Eng.). Once the
Construction Manager (CM) receives the RFI, he resolves it and
sends it back to the commander for approval. If the commander
approves it, it is considered resolved. If he disapproves it, it is
sent back to the CM for re-resolving. As for the architects and
engineers: once they receive an RFI, they resolve it and send it
to each other and to the CM (not the commander).
The addressed RFIs are then either approved or rejected by
the CM, leading to a wasteful cycle of iteration requiring fur-
ther attention.

Table 1. Reasons for non-completion of tasks.

CM Architect Engineer

Scope of Work �
Client-Driven Changes/Delays � �
Arch/Eng./Design RFI � �
Schedule/Coordination �
Prerequisite Work – Self �
Qualified Staff Availability �
Materials/Suppliers Availability �
Site Conditions �
Incorrect Time Estimates �
Safety Non-Conformance �
Cost/Commercial Prerequisite �
Total Number of Reasons 2604 636 633
Percentage 67% 17% 16%

Figure 3. Percentage of RFI handling per entity.

Figure 4. Construction control room DES model.
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In the first run, a configuration of one commander, one construc-
tion manager, one architect, and one engineer were modeled. From
the simulation run, delay times per entity and resource utilization
(RU) values were obtained. The results of the first iteration are unsat-
isfactory. The delay time of the CM is too long (378hours), and the
entity is working at full capacity indicated with a 100% utilization
rate. High RU values are physically and mentally draining for entities
and lead to fatigue and exhaustion. Several iterations of different con-
figurations (increasing the number of CMs, architects, and engineers)
were modeled to reach a balance between delay times and resource
utilizations. RU should be decreased so that is does not exceed a cer-
tain threshold which in this case is assumed to be 50%, and delay
times must be close to those suggested by Mohamad et al. in compa-
nies that use web-based management systems (WBMS).

According to the simulation runs, the best configuration for this
project data is one commander, four CMs, two architects, and two
engineers (Table 2). This configuration gives acceptable delay times
that are close to the ones suggested by Mohamed et al. (1999) tak-
ing into consideration the available number of resources and aver-
age RU values. Hence, despite the complex nature of
communication in construction, the CCR along with its tools such
as the WBMS, can achieve lower information processing durations.

Case study implementation and discussion

Project information flow

The first team within the main contractor’s organization is the
site team whose role was to assess and survey each building and
apartment in the damaged areas. This team consisted of more

than 30 engineers. This team was also responsible for the super-
vision of the subcontractor’s progress on their assigned buildings
and apartments. The procurement team within the firm were
responsible for the pricing of the damaged units, and for gener-
ating of the bill of quantities. The information required for the
pricing of the units were taken from the site team’s surveys. The
third team involved is the operations team whose role was to
plan the reconstruction and rehabilitation works of the damaged
units, and then to monitor and control the execution of these
plans for each unit. The final team within the organization was
the program management office (PMO) team whose main role
was to setup the CCR, monitor the overall progress of the teams
and units, and to report progress to the firm’s top management.
As for the entities outside the contractor’s organization, the first
are the subcontractors who were assigned by the main contractor
to perform some of the reconstruction and rehabilitation works
of the units. The second entity are freelance engineers who were
also assigned to perform the same work as the subcontractors
but on a smaller scale. The presented flow of information in
Figure 5 is prior to the CCR implementation. Given the high
number of buildings and apartments to work on, information
standardization is a must to ensure that all damaged units’ data
are integrated as if it was one project.

The need for CCR

The project’s main complexity is the fact that it was unforeseen
and unplanned for. The contractor had little time to digest the
explosion, form the required teams, and to devise the strategies
and plans for the project. In addition, the company was looking

Table 2. Construction control room simulation results.

Trial
# Commander # of CM # of Arch # of Eng.

CM
Duration (hr.)

Arch
Duration (hr.)

Eng.
Duration (hr.)

C
Util.

CM
Util.

Arch
Util.

Eng.
Util.

1 1 1 1 1 378.89 4.88 5.08 69% 100% 44% 43%
2 1 2 1 1 11.54 6.01 5.61 47% 90% 57% 60%
3 1 3 1 1 4.23 5.54 5.89 47% 62% 59% 61%
4 1 6 1 1 3.52 5.81 5.32 47% 33% 54% 52%
5 1 6 4 4 3.51 3.53 3.45 47% 32% 14% 14%
6 1 5 3 3 3.56 3.61 3.52 47% 38% 19% 18%
7 1 4 2 2 3.65 3.66 3.67 47% 50% 26% 29%
8 1 4 1 1 3.66 5.17 5.45 48% 48% 57% 54%
OPTIMAL (Mohamed et al. 1999): 3.52 3.72 3.72

Figure 5. Project information flow.
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at thousands of homes scattered over an area of more than three
km2 as shown in Figure 1. This created a problem where a
robust system was needed to keep track of the high number of
buildings and apartments. Moreover, the company was running
on a tight schedule, where the goal was to ensure that people
had a shelter before winter. As aforementioned, the flow of
information between the involved teams is complex and features
inter-dependencies. Almost all teams require information from
every team involved, and due to the fast-paced nature of the pro-
ject, any delay in acquiring information would have a negative
impact on the completion of each unit. Thus, an integrated sys-
tem to centralize all information was required. Hence, the teams
needed an efficient and seamless system to monitor and control
this project; enter the CCR. The CCR would serve as a physical
IT-enabled room which includes all required project entities to
monitor and control the operations and progress of all units.

CCR cyber setup

Although several tools are available within the contractor’s
organization and in the market, the type of project at hand
required a custom-made digital solution. For example, Building
Information Modelling (BIM) allows project entities to collabor-
ate and share project information in a cloud-based system.
However, developing a BIM model for all units was seen as time
consuming and unfeasible due to the high number of available
units and to the short amount of time the firm had to plan the
project and setup the CCR.

Thus, the PMO at MAN used Microsoft Automate and Power
BI to develop a custom-made digital system for the CCR. The
system was designed to serve a clear objective of efficiently con-
necting and sharing information between the project teams.
However, since the CCR will serve as the control unit of the pro-
ject, all information should be stored in a centralized and cloud-
based location to allow entities in the CCR to access any

required information. The first step was to develop a standar-
dized form for the site team to fill while assessing each damaged
unit. This ensured that all teams filled out the same information
using the same units and terms. This form was developed as a
mobile application which site engineers can download in their
mobile phones. All inputted information is stored and automat-
ically updated in a cloud-based file which can be accessed by the
authorized teams. Figure 6 shows screenshots of the developed
application.

Each unit had to be assigned to a subcontractor or a freelance
engineer to do the rehabilitation work. Thus, the main contrac-
tor had to monitor several points; (1) which units have been sur-
veyed, (2) which units have/have not been subcontracted, (3) the
progress of the subcontracted units. To do so, all information
acquired by Site, Procurement, and Operations teams were con-
nected and visualized using an interactive dashboard. To develop
an effective dashboard, four main points were taken into consid-
eration (Pauwels et al. 2009). First is the selection of the relevant
information and metrics to be visualized on the dashboard so
that there is no unnecessary information visualized. Second is
the development of the information flow which is achieved by
linking the developed mobile application with the dashboard’s
database. Third, is to ensure that the inserted data is linked
together where each item on the dashboard could serve as a data
filter. The last point is to select proper visuals capable of giving
insights about the obtained data. The dashboard contained an
aerial map on which visual representations of the units were
imposed. Each representation was color coded based on each
unit’s status (Surveyed not Subcontracted, Awarded not Started,
Work in Progress, Completed). The dashboard allowed users
within the CCR to view units by responsible, areas, damage cat-
egory and level, and by repair type. Figure 7 shows a screenshot
of the developed dashboard.

The dashboard allows users to filter the view based on what
specific information would they like to visualize. For example, if
the user clicks on a unit on the map, all other visuals will be

Figure 6. Control room mobile application.
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modified to view the data for the selected unit. The same goes to
the subcontractors’ list, users can visualize data related to each sub-
contractor by simple selecting his name. Furthermore, the dashboard
allows the teams within the CCR to directly view the units and their
data based on their level of damage, progress, and location. Since
the dashboard is automatically updated based on a live data stream,
time wasted on manually fixing excel graphs is omitted.

CCR physical setup

In the given case study, the CCR was setup in a mobile office
which was temporarily located near the damaged area. The room

was designed per the recommendation of this research’s first sec-
tion where a big screen was placed on which the dashboard was
visualized. In the CCR, three PMO engineers monitored the
overall progress of the project and one engineer from the opera-
tions team was allocated to proactively solve any emerging prob-
lem. The deployed CCR is show in Figure 8.

CCR implementation discussion

Feedback about the implementation and effectiveness of the CCR
was taken from the project teams. The site team acknowledged
that the CCR along with the developed digital system facilitated

Figure 7. Control room digital dashboard.

Figure 8. Control room physical setup.
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their work and boosted their productivity. The team noted that
they were able to plan, survey, and report their assessments in a
faster way because they had real-time data on every unit within
the project, which was directly accessible. A study by Nakagawa
et al. also found that the use of mobile applications for data col-
lection on construction sites allows teams to create a smoother
flow of information also allowing them to identify problems
early on. The study also highlighted that such systems are effect-
ive for large-scale sites which is the case of this study (Nakagawa
2006). Moreover, the site team highly valued the seamless com-
munication and direct feedback which the CCR offered. The
CCR offered a communication and feedback hub which allowed
site teams to directly obtain required information without costly
delays. In terms of productivity, the site team noted that the
CCR reduced idle times as information was quickly sent and
received. The operations and the PMO teams both strongly
encouraged the setup of the CCR on any future construction
project as it facilitated the flow of information and created a col-
laborative environment for decision making and problem solv-
ing. Viana et al. also found a similar result when they
implemented visual tools for planning. Their study showed that
visual tools allowed teams to realize the situation of all other
teams allowing for better cross functional decision making
(Viana et al. 2014). All teams related to the project agreed that
the CCR enhanced responsiveness by creating a sense of urge to
solve problems as work in progress and other metrics were
always flashing on the shared dashboard. Moreover, all teams
thought that the most important value which has been captured
from this implementation is the ability to quickly setup and
develop the CCR especially in unforeseen situations such as the
case of crisis management. In terms of time reduction, the time
required to survey the units and generate the BOQ using trad-
itional methods such as paper-based form fillings was around
2 hours per unit. After deploying the CCR, the time was reduced
to 15 mins per unit including the generation of the BOQ and
supplying the procurement team with the required information.
Furthermore, the generation of the progress reports usually took
around 4 days to generate due to the large number of data and
information required to be integrated. However, the CCR
removed any manual intervention regarding report generation,
where the digital dashboard generated all required KPIs and vis-
uals automatically. The teams concluded that the deployement of
the CCR along with its cyber and physical setup reduced process
duration by around 80%. The obtained results of this case study
are supported by a similar research by Pedo et al. which studied
the benefits of using visual management tools on construction
projects (Ped�o et al. 2020). The study by Pedo et al. similarly
found that the visual tools such as dashboards increase team
productivity which was seen in this case study through the
smooth flow of information between the site and the CCR. As
previously mentioned, the CCR created a sense of urge for teams
to solve problems more quickly where Pedo et al. also found that
the visual tools made teams more committed to solv-
ing problems.

Although the proposed CCR was deployed on an unusual and
unique type of projects, the authors suggest that the CCR can be
deployed on any type of construction project. In fact, the
unusual nature of the project presented in this case study raises
far more challenges than what might occur in a typical complex
construction project. Having more time to preplan the project
would give more flexibility and time to develop and deploy more
robust and innovative digital tools for the CCR. The three main
pillars of the CCR align with John Adair’s action-centered

leadership model. The model demonstrates that for any team to
succeed, there should be first a well-defined task which is the
reason and objectives behind the CCR’s deployment (Adair
1973). The second is the team needs which demonstrate the
functionalities which the room should supply the teams with in
order to create a collaborative environment. The third compo-
nent is the individual needs which stresses on assigning clearly
defined roles within the team so that all individuals have a clear
vision of their tasks. This is seen within the CCR in terms of
how each individual was responsible for a set of clearly defined
tasks such as the generation of BOQs. However, when selecting
the teams which will be physically present within the CCR, the
stages of team development presented by Tuckman should be
taken into consideration to avoid dysfunctional teams. Tuckman
states that when teams are put together, they first pass through
awareness of each other, then through storming or conflict,
norming or co-operation, and finally through performing and
productivity (Tuckman and Jensen 1977). Teams who are not
able to pass the storming and norming stages tend to fail as a
team and reflect negatively on the project. Another key point
which should be taken into consideration while developing a
control room is the standardization of the information gathering
process. Laine et al. found that standardizing the gathered infor-
mation can significantly reduce task durations as teams have pre-
defined information to enter and familiar visual information to
look at and analyze (Laine et al. 2014). The mobile application
and dashboard presented in this case study had predefined types
of input so that information could be well organized, visualized,
and understood. Moreover, one of the main challenges of visual
management is the proper handling of the huge number of
information required to be visualized (Murata 2018). Thus, it is
important for the team to visualize only relevant data as
unnecessary information can reduce the team’s understanding
and access to the required and important information (Ped�o
et al. 2020).

Conclusions and recommendations for future work

This paper introduced the concept of military operation rooms
to construction by proposing a CCR and deploying it on an
ongoing and fast-paced project with humanitarian challenges. A
CCR allows for global collaboration among various project enti-
ties, accurate progress monitoring, and proactive issue resolution.
While similar concepts such as the war room have been devel-
oped and used in the construction industry, no research or appli-
cation has been found like the one presented in this paper. The
work suggests that each project should have a CCR that is not
only used for meetings but also overlooks all related activities of
the project 24/7 or as needed. Thus, if there is a task being exe-
cuted on site, the CCR will be monitoring and controlling the
execution of this task.

After introducing the idea behind the CCR, a DES model was
used to develop a virtual control room to mimic the flow of
information from the site to the CCR. The simulation model was
used to evaluate the effectiveness of implementing a CCR before
going into any costly investments. The model represents the flow
of information from the point the information or request reaches
the CCR, to the point of resolving the request and sending it to
the site. The model showed that the CCR can enhance the flow
of information and reduce project durations by reducing the
duration of delays per request.

The CCR was then implemented by a local construction firm
who oversaw the rehabilitation of buildings destroyed by the
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recent Beirut port explosion. The firm decided to implement a
CCR to oversee and survey operation of 400 buildings with
around 2,000 apartments. The first step in this implementation
was to develop a robust digital application and dashboard which
allowed users to assess and visualize the damaged buildings, and
to make all generated information accessible to the involved
teams. The CCR was then physically implemented by construct-
ing a mobile office near the damaged area. The CCR included
four personnel from the main contractor’s firm who were
responsible of monitoring and controlling the overall status of
the project. Feedback about the implementation was taken from
the teams which showed the effectiveness and robustness of this
concept in monitoring and controlling construction projects.
Despite that the CCR was implemented on a difficult project
which had a post-war atmosphere to it, the CCR was properly
setup and developed, and achieved its desired output. This point
proves the robustness of the CCR and its ability to be imple-
mented on any project.

Future work will focus on further development of this con-
cept by identifying more technologies which can be integrated
into the CCR. Moreover, future studies will also focus on investi-
gating the most suitable delivery method which best enables the
use of the CCR. Implementing the CCR on different types of
construction projects and studying their effectiveness will be part
of the research team’s future work as the case study presented a
unique and challenging project which might not be applicable to
normal construction projects.
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