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Abstract. A nations’ construction sector is an important sector of its economy. The same goes
for the Nigerian Construction sector. Huge volumes of investment and capital expenditure from
the central economy go into this sector of the economy in a bid to provide infrastructure for
sustainable development. The construction industry is a driver for the economic growth of any
nation. However, the Nigerian construction industry has consistently underperformed when
compared with its potential for output. In an effort to identify the key causes for this massive
underperformance and the Non value adding activities crippling the Nigerian Construction
Sector (NCS), a comprehensive research was conducted. This research revealed that
communication between stakeholders, ease of collaboration between project professionals on
and off site, Inadequate scheduling of tasks as well as task monitoring systems and improper
management of physical resources on site amongst other things are the major inhibitors to
construction project success. The focus of the research was to develop a software that takes full
advantage of a technologically based solutions to address this issue. The research conducted,
informed the decision to build a modular web-based application that will be divided into five
modules; each module addressing one of the five key issues identified as inhibitors to
construction project success. In conclusion, the web application built was applied to the
construction of a building within Canaan Land Ota. The results of this application showed
improvement in construction efficiency, time savings and budget savings and overall project
success with the use of the software.

Keywords: Construction, Nigerian Construction Sector, Communication, Collaboration, Task
Management, Material Management, Budget Control, Document Control, Web Application.

1. Introduction

Tasks and procedures undertaken in construction are largely routine tasks that require little
modification to suit the intended purpose, use case or design. The real challenge in construction is proper
planning at the start and adequate and constant monitoring and control through the construction process.
The better the monitoring and control employed in a construction, the more likely the project is to be
successfully executed within the constraints of time, cost and scope.

There is a famous French saying that goes “if construction moves, everything moves”. The
secret behind the rise the economies of Japan/Germany/Europe after the ashes of WWII, is the rapid
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advances made in their construction industries. It is therefore clear that the backbone of any developing
Nation is its vibrant construction Industry. Nigeria is classified as a developing nation. In Nigeria huge
amounts of money have been invested in the construction industry. In recent years about 70% of
Nigeria’s annual capital expenditure has been invested in the Nigerian Construction Industry. However,
the NCS contributes only ~4% to our Nations GDP [1].

It becomes clear that it not an issue of how much money is put into the industry but necessary
innovation of the old methods to bring about new results. “Insanity is doing the same thing over and
over again expecting a different result “Albert Einstein.

The world today is advancing at an outstanding rate. Advances in technology have transformed
our societies and the way we live in such a short period of time and will continue to transform our lives
at an even faster rate. The spread and adoption of modern technologies are further catalyzed by the
advent of its most notable proponent yet; the internet. As at 2012, only 28 million Nigerians where using
the internet. A report from the NCC (Nigerian Communication Commission) shows that as at May 2018
103 million internet users where recorded in Nigeria. This presents a unique opportunity to software
developers in Nigeria to build web-based software that are aimed at solving societal problems.

This study is aimed at discovering guiding parameters for the development of a web-based
software for the management of construction projects throughout their life cycle. The lifecycle of a
construction project is typically broken down in 6 key phases for any construction management project.
These phases are:

1. Pre-project phase

ii. Planning and design phase

iil. Contractor selection phase

iv. Project mobilization phase

V. Project operations phase

Vi. Project closeout and termination phase.

However, these phases can be further grouped into three important phases which are design,
construction, and operation. The construction process is chronological between the design and operation
phases [2]. The research and development focus of this study is on how the initiation, planning stages
and execution of a construction project can be effectively and efficiently fast tracked.

2. Literature Review

Numerous researchers have attempted to dissect the issues that plague the Nigerian Construction Sector
(NCS). In this section we shall be exploring the already existing works in this field of study with a view
to proving solutions to the unique problems identified. We shall be doing so with a global perspective
and a local focus.

2.1. Challenges Facing the Industry

By definition, A project involves all the actions that are geared towards achieving the goals in order to
create a system complicated with specific characteristics in quality in within a given time boundary and
given resources [3]. According to the authors of article [4], the Construction sector history in many
countries comprises of projects that were not completed within significant time and cost constraints.
Due to this there is a major problem in the time of project delivery and overruns in cost is a global
concern and contributes largely to the productivity level, which is necessary for the sustenance and
growth of any establishment, industry or nation [5].

2.2. Construction Delays. The Nigerian Construction Sector is laden with several challenges especially
delay in project completion. While the author in article [6], on the one hand defined delay as time loss,
the author of article [7] described delay as time overrun beyond the date of completion that the parties
agreed upon for delivery of the project in a contract. The challenges associated with construction delay
are not peculiar to Nigeria, but global in nature as countries like Ghana, Egypt, Iran, Vietnam, Indonesia,
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Thailand, Palestine, Saudi-Arabia, Jordan, United Arab Emirate (UAE) to mention a few according to
Abisuga, 2006 in article [8] are experiencing similar issues in their construction industries.

However, construction delay is more worrisome in Nigeria because seven out of every ten
projects suffer delay in their execution, according to the research conducted by Odeyinka et al, 1997 in
article [9] who alluded that seventy percent of projects surveyed in Nigeria suffered failure due to delay
in their execution. These figures may have risen or reduced since 1977 due to urbanization, globalization
and advent of technology. These delays result in time and cost overrun, disagreement, adjudication,
lawsuit, and sometimes total abandonment [10]. This view is corroborated by Assaf and Al-Hejji, 2006
in article [7] who opined that time overrun is a major effect resulting from delays in projects completion.
Abdul-Rahman et al, 2006 [11] further attributed increased time related costs, loss of productivity, late
project completion, work disruption, third party claims and termination of contract to resultant effects
of construction delays. It is important to properly categorize construction delays in order to provide a
proper framework for finding reasons for the delay and to properly examine their effects.

Construction delays was grouped by the authors of aticle [12] into four categories viz a viz:

e project financing,
e economic

e natural conditions
e material supplies.

Ahmed et al [13], on the other hand grouped them into two major categories namely:
o [nternal delays: This is instigated by the parties to the contract such as the client,
designer, consultants and the contractor.
e [External delays: This is instigated by non-parties to the contract including
government action, material suppliers and act of God, etc.

2.3. Construction Management Software a panacea to some of the Industries Problems
The construction industrial sector is progressing more in the reliance on ICT to provide solutions to
most of the tasking urgent challenges [14]. Hence, this means that the industry has to integrate
Information and Communication Technology in most if not all of the processes carried out especially
the enlisting of skilled labor. Using PMS as a tool for organizing and managing work has grown will
continue to at a fast pace in all industries. One of which is at upmost importance is the construction
industry [15]. Over time construction activities have become more and more complicated and
specialized. Processes are distributed into smaller tasks and then dispersed amongst people. Therefore,
due to complexity, the construction industry has opened to methods involving the use of ICT [16].
Different phases of construction can lead to problems, from unavailability of materials to over-
stocking large quantities of materials, regardless of the importance of materials in construction and
production [17]. Construction professionals are advised by Oladapo, 2006 in article [18] to take on the
use of Information Communication Technology (ICT). Afolabi et al, 2018 [14] in their study focused
on the author’s consideration of the utilization of online technological platforms for the connection of
required feasible skilled labor with their employers in construction. Not to be ignored is the huge savings
of human lives and reduction of economic waste in developing nations like Nigeria if adequate
monitoring tools are adopted to forecast and forestall the common frequencies of structural damages and
collapse. [19][20][21]

3. Developing as a Web Based Application

The literature review has clearly highlighted the need for a new approach to undertaking construction
projects in the Nigerian construction sector. The problems identified in the literature review, form the
basis for the development of a web-driven solution proposed in this section. The methodology employed
will be drawing on findings of the previous section to advance a framework for the development of the
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intended prototype software. This section will take readers through a logical sequence of steps taken
throughout the software development phase culminating in the prototype software.

3.1. Establishing Software Requirements
Wiegers and Beatty, 2013 in their book Software Requirements [22], described software requirements
as a set of features or characteristics that a product must have in order to provide any form of value to
the stakeholder or end user. Software requirements are a very crucial part of the successful development
of any software [26]. They are often seen as the start of the software development life cycle. It was
therefore imperative that at the start of the development of this software, specific features and uses of
the software be clearly articulated: Here are list of said features:
1. Different professionals and personnel in construction site should have a regular common
meeting ground via the platform.
2. One major requirement of the software is its ability to organize construction activities, processes
and personnel in and out of site.
3. The system should allow for an efficient document management system that is organized with
respect to the nature of the document (i.e. Architectural, Structural, Geotechnical and others).
4. The system should allow for efficient communication amongst all the stakeholders involved in
a construction project.
Key planning processes on site should be catered for with use of the software.
Materials on site should be effectively managed to reduce wastage and improve efficiency.
7. The cost of all the construction processes must be efficiently and effectively managed so as to
improve the productivity level with minimum cost implications.
8. Stakeholders involved in a project should be given a platform to effectively collaborate and
team up to achieve stated goals.
9. All processes involving the use of the software should be of minimal difficulty to the average
user.
10. The application should allow for hierarchal management where individuals on the top of the
chart greater precedence over personnel under them.

oW

Based on the functional requirements of the software, the following modules have been
developed to cater for key activities during the initial and planning stages of a construction project:
i. Task Module
ii. Document Module
iii. Materials handling Module
iv. Budget Module
v. Messages Module

A task manager will be a core model to be incorporated into the system, the task manager will
allow the registered professionals on the site to efficiently manage their activities and in turn delegate
tasks to other professionals on site. The task manager is incorporated so as to solve the problem of
activity management on site during construction.

The document module is a very essential part of the system to be incorporated. In most
construction projects, time delay can be due to an ineffective management of construction documents
on site, be it Architectural, Structural, Geotechnical, etc. When successful implemented, the document
module is expected to organize the different documents needed daily on site efficiently as each document
can be uploaded or removed by allowed registered users on the platform, in turn enhancing productivity
on the construction site.
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A web-based material planning and control tool would help to integrate the use of internet
with a material planning and control technique ensuring that decision making is done quicker in a fast-
paced world. Making a material planning and control system web based ensures that information
regarding building materials can be accessed anywhere in the world. This feature is to be embedded
with ecommerce for construction materials.

This feature is very essential to the overall economy of the project as a project exceeding its
budget constraints will be very unlikely to the general success of the construction project. Before any
main activity commences, the major project cost details are agreed on. It is therefore necessary that the
cost level agreed upon is monitored and maintained.

A communication system will be needed for the software as the main definitions identified has
to do with the problem for stakeholders to communicate before and during a construction project. An
effective communication system will be developed to close the communication gaps between
stakeholders of a project. Primary features of this communication module are: One-on-one Chat, Contact
actual and presence listing, Store and forward (Offline messages), Personal Event Protocol (PEP) and
Message typing specification, Multi-User Chat (MUC)—Group Chat, Privacy Setting and Account
Spoofing and Message Archive Management (MAM).

3.2. Selecting a suitable Software Architecture

The peculiarities that the software described in the requirements, demands the need for a software
architectural system that can be used for detaching the user interface from the database from which the
user interface is fed data. This system will also need a set of unique instructions that will guide the
processed flow of data from the database to the user interface as well as instructions guiding the systems
responses to inputs from the user (construction professional) through the user interface. The Model View
Controller (MVC) architecture detailed in Figure 1, suits the needs of such a system.

« Defines application behavior
e Maps http requests to model updates
o Selects view for response

¢ One for each functionality

MODEL

Encapsulates application data
Encapsulates application functionality
Provides an interface for state queriess
Provides an interface for functionality
Notifies view of changes (push)

:urnmso:uw.

VIEW
http response

* Renders the model data

e Requests updates from model (pull)
¢ Allows controller to select the view

Annlication Server

Figure 1: Model View Controller Architecture reprinted from Jacyntho et al, 2002. [24].



1st International Conference on Sustainable Infrastructural Development IOP Publishing
IOP Conf. Series: Materials Science and Engineering 640 (2019) 012039 doi:10.1088/1757-899X/640/1/012039

The Model contains all the set of instructions with the software runs on. Theses instructions
may be static in nature or dynamic being able to adapt to unique use cases. The most significant part of
the model is the application logic with contained business logic [25]. This distinct component within the
model is the component that is entirely responsible for the behavior of the application as well as how
the application stores data to the database. The model acts upon these instructions to manage data within
the database and queries the database to retrieve information on demand from the other arms of the
MVC architecture.

The View is the entity within the MVC triad that handles all of the images, graphics, text,
audio, video, forms, buttons and other part of the application that the end user (construction professional)
can interact with directly. In some instances, the view is referred to as the presentation layer as this is
what the construction professional sees. The View interacts with both the model and the controller to
generate what the construction professional interacts with when using the software. The view needs to
be tightly linked with the model so as to remain conscious of the exact data stored in the database or the
results of user (construction professional) queries to the software [22]. Nevertheless, the model need not
be tightly linked to the view so that the view can be changed entirely without changes to the model.
Such an implementation will be useful when changing between the modules to be developed in this
software.

The Controller is the layer right beneath the view and is primarily responsible for handling the
construction professional’s direct input to the software. The controller receives the inputs from the view
and interprets the input. Then it carries out of two actions:

1. Updates the model of a change in state by mapping the input from the construction professional
to the model’s operation for that particular input.

2. Updates the view by selecting a new view suitable for the input from the construction
professional.

In the case of this software, the controller will be responsible for changing between the
different modules of the software based on construction professional’s demands. It will also be
responsible for making sure the right input reaches the model so the information reaching the database
or leaving the database to the construction professional is accurate.

3.3. Processes in the software coding.
During the final software development i.e. hardcoding of the designs, the Model View Controller
architecture selected was the major influencer in the approach to the programming of the designs. To
suit the system architecture and for a smoother development process, the programming process where
divided into two major stages.

e Frontend Development

e Backend Development
The MVC architecture presented the opportunity to make this division in the development process with
no damaging consequences to the functionality of either front end or backend. This approach also
afforded the developers more speed as both front end and backend development processes were carried
out simultaneously.

3.3.1. Frontend Development. Front End development or client-side development is the craft of
creating HTML, CSS and JavaScript for a webpage or web application in order to generate what the
end user can see. [26]. The front-end development of the software product takes into account the fact
that users of the internet use different web browsers that render HTML, CSS and JavaScript files
differently so designs must be made in such a way that they are not misconstrued in different web
browsers. Furthermore, modern web application users access web apps through different devices with
different screen sizes. Any web application must be able to retain the integrity of its content and
design regardless of the device accessing it.
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3.3.2. Backend Development. Tolani, 2019 in a web publication [27] described backend development or
server-side development as the writing of codes that instructs the computer systems that deliver the web
application to its user on how to operate:

1. The databases that power the web application

2. The computers (servers) that handles user requests

3. The API that exchanges data between the database and the software accessing it

4. The Operating that runs the entire system
The backend of the software can be broken down four components which are the server, the database,
the operating system, and the software itself. Here we shall be exploring two of these of four components
before commencing to discuss the programming languages that power the back end of the construction
management application that is developed at this phase of the study.

4. Implementation of the Web Based Construction Management Software modules.

Now the protype software has been developed as described in the previous section. The next step was
to test out the software. A test project was chosen for the testing to demonstrate the functionally of the
software. The project chosen was the Construction of a Power Transmission Station at Covenant
University, Canaan Land, Ota, Ogun. This section will illustrate the steps taken in testing the software.

4.1. Implementation of the task module:

As the initiation part of the project commences, the admin (PPD director) has the obligation to add task
globally (to everyone on the platform) or to specific professionals in the project. Here at the initiation
stage of the project the admin adds task that deal with the site clearing initial activities, with a duration
and details of the project, then professional partners involved in the project. This can be seen in Figure
1.

HOME B —— (5? & .

Add task

TASK B Title tE

Task Report Duration

project

Partne
s

Figure 2: Application window showing the addition of task by the Admin.

After task have been assigned, they automatically appear on the task module page. Here it is seen that
the tasks added at the beginning of the project appear at the top while the most recent task appear at the
bottom, analysis of all the tasks was done by this method by the admin (project manager) to effectively
manage tasks on the site as seen in Figure 2.



1st International Conference on Sustainable Infrastructural Development IOP Publishing
IOP Conf. Series: Materials Science and Engineering 640 (2019) 012039 doi:10.1088/1757-899X/640/1/012039

TASK

i Task Report
= EXCAVATE OVERSITE
>z
AVEREAGE 150MM DEEP 9..&@
WEEKLY STATISTICS
Excavate oversite average
Engr 150mm deep to remove
2 days Akpabio, vegetable top soil and
Engr Ola remove from site

N7
]
®
=

receve Founoation O @ @@=

Je

|

Engr Excavate trench to receive
2days  gmeka, foundation commencing at

Figure 3: Application window showing added tasks on the platform.

As new task is defined and added on the platform, automatically all professionals on the site has access
to the global task defined and specific task assigned. This automatically makes delegation and assigning
more effective.

4.2. Implementation of the document module
For the document module, all the documents that were needed for the project were categorized and
grouped in that manner for easy access on and off the site. Below the major categories represented were;
i.  Architectural drawings
ii. Structural drawings
iii. Mechanical drawings
iv. Quantities documents
v. Accounting documents
vi. Highway drawings
vii. Laboratory drawings
viii.Survey reports

HOME . '
DOCUMENT
Archit. Struct. Mech.
Add Document
Q.S Accou. Interior
Road. Lab. Survey

Figure 4: Application window showing the categories of documents added by the admin and other
professionals.

After the document’s module was clicked on, it therefore leads to a subpage that displays the drawings
available in the specified categories which can then be assessed with ease.
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HOME ¢ 5? & .

DOCUMENT

Structural Drawings

Add Document

Today =D Engr Sani
) ategor
2 3 esig =D
Yesterday Beam Design Block A t Lin
Bar Bending
Jan 23rd = N Engr lvie
Close Add document

Figure 5: Application window showing the documents entered in a particular saved category

The document modules main task is in making effective the handling of documents on site which
increases the quality of delivery as quality assurance and daily checks are made easier. This will also
lead to a reduction in time as the less time in documents handling and checks will be made, this in turn
directly affects the cost constraint of the project.

4.3. Implementation of the materials module

The first part shows the total quantities of materials that have been inputted into the system by the
admin or professional (structural engineer, quantity surveyor). Under this then gives a broken-down
illustration of the materials on site that have been inputted into the system. Major materials used in the
site for the structural works are;

1.  Cement
1.  Aggregate
iii.  Sand

1v. Reinforcement.

MATERIALS

Materials Update

CEMENT AGGREGATE SAND wooD =i
200 kg 1tonne 400 kg 40 pcs Material Unit
CEMENT AGGREGATE SHARP SAND WO00D
Amount Date
20 0.2 30 2 02 UNIT 16/01/19 dd/mm/yy
50 041 60 2
60 0.2 70 3

Figure 6: Application window showing the different materials on the site with emphasis on the
availability of the materials

In the project, all the materials used on site have been summarized on the platform which in turn
makes more effective materials handling which has a strong correlation to cost handling on site.



1st International Conference on Sustainable Infrastructural Development IOP Publishing
IOP Conf. Series: Materials Science and Engineering 640 (2019) 012039 doi:10.1088/1757-899X/640/1/012039

4.4. Implementation using Budget control module

The total cost of the construction component of the project was seen to be N 6,915,145. In the budget
control module, the initial agreed price is set. Based on daily entries, a comparison is made with the
initial cost set and eventually when approaching the figure set notifications will be given on how to best
manage then resources available within the price given.

HOME > 5? B '

BUDGET

Budget Report

Weekly Budget Analysis Finance Weekly Budget Update

Week

6,915,145
Week Ending

CURR. dd/mm/yy

! 3,000,000 S Update Budget

3,915,145

Figure 7: Application window showing the budget summary of the project

The first part of the budget module shows the current state of the project at the time of viewing showing
the amount used, remaining and initial total cost. This will eventually lead to an effective cost
management leading to a reduction in the cost on site and eventually the total time used on the site.

5. Conclusion

This study evaluated the potential impact that software specifically tailored for managing construction
projects would have on the successful execution of a construction project in Nigeria. This was done with
special focus on time, cost and quality of construction project’s output. The project began by taking a
good look at some of the major inhibitors of construction project success in Nigeria. The study went on
determine the major causes of construction project delay in Nigeria. It was found that the top five issues
that plague project delivery in Nigerian Construction Sector are Task Assigning and Task Monitoring,
Document Control and Handing, Budget and Spending Control and Monitoring, Material Usage
Monitoring, Internal Messaging and Communication. More research was then done to determine the
past application of ICT in the Nigerian Construction Sector and their impact in order to set a precedence
for the development for a web-based application software for tackling issues in the execution of
construction projects. The study then developed a web application that was divided into six modules for
addressing each key issue identified. These modules are the overview dashboard module, the task
module, the documents module, the budget module, the materials module and the communications. The
developed software was then simulated with a construction project in Canaan Land, Ota to determine
its efficiency in addressing the issues. The selected construction project was the construction of Canaan
City power house. It was found that by using the software developed, construction costs could be cut
down and better managed and time of project delivery could have been fast tracked. The aim of the
project was therefore achieved as the execution of the chosen construction project was catalysed using
the software developed.

6. Recommendations

Innovations and further advancements in the construction sector in Nigeria need to be adhered to in
order to increase and maintain high productivity levels on and off construction sites. The Nigerian
construction sectors contribute less than 4% to the national GDP which is very low as compared to other
nations, it is therefore the responsibility of the government and construction professionals to a keep to
the standards of construction on and off site in order to genuinely minimize discrepancies and the
application of the software and innovations will lead to maximum impact.

10
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It is necessary to state that the government cannot do it all. The Nigerian construction
professional also has a part to play in the growth and development of the industry. It is our industry after
all. We must continue to search for new innovation in technology that can be applied in our Nigerian
context. There are many major advances in construction methods occurring around the world. We owe
it to ourselves and to future generations of Nigerian construction professionals to stay abreast of these
advances so as not to fall too far behind. It my hope that someday in the near future, the Nigerian
Construction industry will take her place as the major driver and enabler of economic growth in Nigeria.
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