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ABSTRACT

A construction activity involves a lot of undertakings which plays a vital role in human lives. In order to deliver
projects on time,project managers findit difficult to monitorprojectsand carry out other office activities at the same
time. The integration of Geographical Information System (GIS) in project management would be advancement in
building construction to solve some impediments to data collection and information sharing. The aim of this study is
to assess the level ofuse of GIS tools in the Nigerian building construction industry. An ongoing building
construction project in Abuja where the GIS is been integrated in project management is used as a case study.
Questionnaires were administered to professionals in the construction industry in Abuja metropolis. Sixty building
construction industries were surveyed to determine the level of awareness of the use of GIS technology in project
management. This study revealed 95% of the construction companies in the FCT use GIS technology in the planning
stage of a building project while, 5% of them still use the tradition way of planning. At the execution stage 15% of
the companies use GIS while 85% do not. 27% of the companies also use GIS visitation. Only 4% of the
construction companies actually use GIS technology throughout a construction project and these were basically
construction companies that have existed for decades. This study recommend the involvement of both the public and
private sector on sensitization of the construction companies on the use of GIS technology in the Nigerian building
construction industry.

KEYWORDS: Geographic information system, Building construction, Project management, Integration.

1.0 INTRODUCTION

Building plays a very important role in human lives. It provides shelter from weather, security to lives and property,
living space and comfortable working space, while construction involves the process of building infrastructure or a
facility. The construction industry is essentially a service industry where management involves the close follow up
of laid down procedures. Work in construction industry is defined by drawings, layouts, routes, blueprints, execution
schedules; cost estimates, specifications etc. which are maintained separately by various team members.(Bansal
et.al.2006).

The construction industry has often been criticized with issues concerning efficiency, productivity and quality in the
delivery of its products. Project managers among the major players of the industry have often been blamed for this
situation. In recent times, it has been reported that one of the fundamental issues contributing to the construction
industries poor performance is ineffective communication and exchange of informationand data amongst the project
team (Dainty et.al, 2006). Developing a construction plan is also a critical task as the success or failure of a building
contract largely depends on the quality and timing of the information available to the contractors. Thus there is need
for a proper information system to manage the construction projects. Interestingly, the level of technologies available
in today’s marketplace is enormous, and the construction sector should be aware of the benefits from using
thesetechnologies to enhance their business and collaboration solutions. (Esben, 2012).
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The integration of Geographical Information System (GIS) in project management for the building construction
industry is recognized as one of the most important tools for achieving this.(Mohammed,2013).1t is a commonplace
that parties to a construction project such as the owner, the project managers, and subcontractors come in with a set
of interrelated and interconnect relationships requiring cooperation and collaboration to coordinate time, resources,
and communication. Hence, the strategic use of GIS in projects has become vital to enable this goal to be achieved
more effectively and to a large extent (Hassan et al, 2003).

1.1 STATEMENT OF THE PROBLEM

Geographic Information System (GIS) has been in existence for more than two decades all over the world yet it has
not been fully utilized in the construction industry in Nigeria especially in the execution, monitoring and control
stage of building construction projects.

1.2 AIM AND OBJECTIVES

The aim of this study is to assess the use of GIS tools in the Nigerian building construction industry, the following
objectives are to:

Demonstrate practical integration of GIS in project management for a building construction site.
Suggest some software’s and their uses for building construction professionals.

Investigate the level of use of GIS technology among building construction professionals in Abuja.
Make recommendation for sensitization and the use of GIS in building construction.

2.0 LITERATURE REVIEW

2.1 WHAT ISGIS

GIS is a system designed to capture, store, manipulate, analyze, manage and present all types of spatial or
geographical data, it is a data storage and retrieval subsystem which organizes the spatial data in a form which
permits it to be quickly retrieved by the user for subsequent analysis, as well as permitting rapid and accurate
updates and corrections to be made to the spatial database. GIS integrates hardware, software data and people.GIS
applications are either stand-alone GIS software packages or customizations of a preexisting GIS software package
that are made to meet some specific project need. These applications can range from simple (e.g. apply a standard
symbol/color set and text guidelines to mapped features) to complex (e.g. sort layers, select features based on a
predefined set of rules, perform a spatial analysis, and output a hard-copy map). GIS is both a database system with
specific capabilities for spatially referenced(Bansal et al., 2006).

2.2 NEED FOR GIS IN BUILDING CONSTRUCTION INDUSTRY

Project management in the building construction industry can be overwhelming especially if you are juggling
multiple initiatives and deadlines at once from keeping your team on track to ensuring there is good communication
and planning between the project manager and the client (Mohammed, 2013). The Project Managers have a hard
time monitoring projects between site and office as they have to go on site to know the progress of work and decide
the sequence of work. Cost involved in this is large and it varies to the completion of the project as they have to
employ more hands in other to meet up. GIS has over the years proved to be a very effective tool for effective
information management.GIS technologies provide new opportunities for enhancing communication, collaboration
and information management in construction. It helps to reduce the numerous paper copies of documents and
drawings for better document management and archiving and faster, cheaper and more accurate communication
flows. GIS is an effective tool to visualize the topographical conditions of construction site. The modeling of
construction site facilitates in construction controlling and planning process. GIS is used to find locations and what
exist at that location at a particular time GIS is used in hundreds of business applications such as to route delivery
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vehicles, design buildings, plan construction, and provide spatial solutions to many fields of civil engineering such
as facilities management, urban planning, and construction.

2.3GIS IN PROJECT MANAGEMENTFOR BUILDING CONSTRUCTION

The term Project Management is defined as "The application of knowledge, skills, tools and techniques to project
activities to meet project requirements (PMBOK).Planning, monitoring and control of all aspects of the project and
the motivation of all those involved is it to achieve the project objectives on time and to the specified cost, quality,
and performance.Project management processes can be organized into five groups of one or more processes as
shown in Figure 1.

Initiating

Process

Closing Planning

Process PR 0 J E CI' Process
LIFECYCLE

Monitoring Executing

& Controlling Process
Process

Figurel. Picture showing the lifecycle of a project
Source:PMBOK, Project Management

Initiating processes: recognizing that a project or phase should begin and committing todo so.

Planning processes: devising and maintaining a workable scheme to accomplish the business need that the project
was undertaken to address.

Executing processes: coordinating people and other resources to carry out the plan.

Controlling processes:Ensuringthat project objectives are met by monitoring and measuring progress and taking
corrective action when necessary

Closing processes: formalizing acceptance of the project or phase and bringing it to an orderly end.

2.4PROJECT MANAGEMENT SOTWARE FOR BUILDING CONSTRUCTION PROJECTS.
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TABLE 1: PROJECT MANAGEMENT SOFTWARES

SOFTWARES USES

Microsoft Project Word processing and spreadsheet

MS Excel Word processing and spreadsheet

Primavera Presentation Software

AutoCAD Architectural Design

ArchiCAD Architectural Design

Revit Architectural Desigh and Documentation

ArcGIS Desktop10 Digitization and Presentation

Iwis Digitization and Presentation

QSCAD Quantity Survey

CivilCAD Plan and Design for civil accurate 3D simulation

System Application Software (SAP) Business software for integrating all areas of business

SATOC Cost Estimator

BidBuilder Building Bids for contracts

eTakeoff Takeoff tools of estimating cost

Benchmark Estimator Software Estimating that provides quote generation, progress
claims, sales and marketing analysis

1% Choice Electrical Estimating Software Electrical estimating that enables custom assemblies
creation, quoting tools, mini-conductor feeder

Bid Saw Captures the information needed to make an accurate bid

Construction Report Manager Construction field android application for reporting,
estimating and project management

Dynamic AX (Axapta Software) Resource planning for large projects

Source: Authors field work 2016

This is a practical illustration of what it looks like to integrate GIS in project management. There is an on-going
building construction project in Abuja where the use of GIS tools has been integrated in the project. Microsoft
project software is used to manage this present on going refurbishment project.

During the planning stage of any project the task is being broken into various sub-tasks and schedule for how each
work will go is prepared. The duration of the work, when it should start and when it should finish, the cost that is
expected to be used are all in- putted into the spread sheet. At execution stage, tracking of how the work is going
starts and the Gantt chart clearly shows the relationship of the how the work is progressing. The predecessor table
shows clearly which task comes first and in what order. That is, which one should start first or finish before the next
task or which task will start on same day. While on this, the monitoring and control is going on and where a review
is needed for the project it is easily changed on the sheet and the project goes on without much stress since the
software automatically updates the changes made. The actual cost used during this project is clearly stated as the
work progresses and the percentage of work executed is shown on a daily bases on the chart (Figure 2).
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Fig2. Microsoft project software spread sheet for project management

1D Task Name Duration Start Finish PrecActual Cost Cost % Complete
uary March April May
28/025/022/0: /021/028/024/041,

1 CBN STAFF CLINIC REFURBISHMENT 57days Mon 22/02/16 Tue 10/05/16 £1,175,050.00 £2,336,000.00 71%
2 Demolition Work 25days Mon 22/02/16 Fri25/03/16 £141,000.00  £141,000.00 100%
3 Deactivate all active Installation 3days Mon22/02/16 Wed 24/02/16 £15,000.00 £15,000.00 100%
4 Removal of old lighting fittings 3days Wed 24/02/16 Fri26/02/16 -1t £20,000.00 £20,000.00 100%
5 Demolition of existing celling tiles and grids 7days Wed 24/02/16 Thu 03/03/16 4SS  £10,000.00 £10,000.00 100%
6 Removal of existing floor tile 7days Thu03/03/16 Fri11/03/16 11 £15,000.00 £15,000.00 100%
7 Demolition of existing dry wall partition l1day ThuO03/03/16 Thu03/03/16 655 £22,000.00 £22,000.00 100%
8 Removal of old paint on the wall 6 days Fri04/03/16  Fri11/03/16 7 £16,000.00 £16,000.00 100%
9 Removal of Old A/C 2days Mon 14/03/16 Tue15/03/16 8  £20,000.00 £20,000.00 100%
10 Removal of swicthes & Sockets l1day Wed 16/03/16 Wed 16/03/16 9 £10,000.00 £10,000.00 100%
1n Chisling for A/C condensate and refrigerant 7days Thul7/03/16 Fri25/03/16 10  £13,000.00 £13,000.00 100%
12 NEW REFURBISHMENT 30days Fri04/03/16 Thu14/04/16 5 £983,550.00 £1,405,000.00 79%
13 Ceiling installation 14days  Fri04/03/16 Wed 23/03/16 5  £80,000.00 £80,000.00 100%
14 Laying new floor tile 7days Mon28/03/16 Tue 05/04/16 +2 £114,000.00  £120,000.00 95%
15 A/C installation 7days Tue29/03/16 Wed 06/04/16 +3  £97,500.00 £150,000.00 65%
16 Installation of new dry partition wall 1day Thu24/03/16 Thu24/03/16 13  £85,500.00 £90,000.00 95%
17 Refur of flus and doors 3 days Fri25/03/16 Tue 29/03/16 16  £28,000.00 £40,000.00 70%

| 18 Installation of new fixed light glass on doors 2days Wed30/03/16 Thu31/03/16 17  £42,500.00 £50,000.00 85%
19 floating to walls internally 6days Wed 30/03/16 Wed 06/04/16 +2  £58,200.00 £60,000.00 97%
20 New dwarf Block wall partition 3days Mon 28/03/16 Wed 30/03/16 |4S! £50,000.00 £50,000.00 100%
21 Granite top finish to wash hand basin 2days Mon04/04/16 Tue05/04/16 +2  £80,000.00 £100,000.00 80%
22 General painting to walls internally 7 days Fri01/04/16 Mon 11/04/16 -4 £143,000.00  £220,000.00 65%
23 refurbishment of sanitary fittings 2days Thu07/04/16 Fri08/04/16 3+1  £66,000.00 £120,000.00 55%
24 general maintianance of windows 2 days Fri01/04/16 Mon 04/04/16 25!  £42,750.00 £95,000.00 45%
25 refurbishment of wooden carbinet 2days Thu07/04/16 Fri08/04/16 '3S! £35,000.00 £100,000.00 35%
26 installation of window blinds/net 5 days Fri08/04/16 Thu14/04/16 S-1  £61,100.00 £130,000.00 47%
27 CLIENT RELOCATTION/REFURBISHMENT OF 18days  Fri15/04/16 Tue 10/05/16 £50,500.00 £790,000.00 16%

| RECEPTION/RECORD ROOM
28 { ion from re {{ d/ ival 3 days Fri 15/04/16 Tue 19/04/16 26 £4,500.00 £10,000.00 45%

room
29 General refurbishment of reception/record 15days Wed 20/04/16 Tue 10/05/16 28  £46,000.00 £200,000.00 23%
room
30 construction of new additional visitor's waiting 6days Wed 20/04/16 Wed 27/04/16 95! £0.00 £350,000.00 0%
31 Refurbishment of visitor's toilet 6days Wed 20/04/16 Wed 27/04/16 }0S! £0.00 £230,000.00 0%
Task i, External Tasks s Manual Task Dessssssssss  Finish-only
Split e v External Milestone - Duration-only Deadline +
D oyioans| Milestone . Inactive Task Manual Summary Rollup Progress
| Summary P—  [nactive Milestone Manual Summary P———
| Project summary s, Inactive Summary Start-only C |
| Page 1

Fig3.Microsoft project software showing a complete prbject that is still ongoing in a site in Abuja
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3.0 STUDY AREA AND RESEARCH METHODOLOGY

3.1STUDY AREA

The relocation of the Federal Capital Territory from Lagos to Abuja in 1991 has attracted large population from both
urban and rural area of the country and there was pressure on the huge demand on the construction industry to
provide shelter and other basic infrastructure. Abuja is presently known as the fastest growing city in the world and
it has a diverse distribution of both the local and foreign construction industries engaged in different construction
activities.

3.2RESEARCH METHOD
In order to qualitatively assess the use of GIS in the construction industry, questionnaires were shared among
various professionals in certain construction companies and sites across Abuja FCT. Three hundred questionnaires
were shared after which 217 were retrieved. The objectives of the sharing of questionnaires were:

e To find out about the level of awareness on the use of GIS during projects.

e The type of GIS software used

e The stage at which the software is integrated into the project (the stages include planning, monitoring and

execution).

The work reviewed and analyzed the various aspects of GIS-applications in construction and project management.

4.0RESULTS AND DISCUSSIONS

Questionnaires were distributed to 60 construction companies and construction sites, 217 (61.75%) were retrieved
while 83 (38.25%) were not retrieved.

4.1 PROFESSION OF RESPONDENTS
The target respondents were mostly professionals including Civil Engineers, architects, builders and quantity
surveyors.

TABLE2:PROFESSION OF RESPONDENTS

Profession Frequency Percentage (%)
Civil Engineers 93 42.86
Quantity Surveyors 18 8.29
Architects 69 31.80
Builders 37 17.05
TOTAL 217 100.00

Source: Authors field work

Most of the respondents have a working experience of between 1 —5 years (36.41%) while 10.61% have worked for
between 11 — 15 years.
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TABLE 3: YEARS OF EXPERIENCE OF RESPONDENTS

Years Frequency Percentage (%)
lto5 79 36.41
6to 10 53 24.42
11to0 15 23 10.60
16 to 20 37 17.05
21 and above 25 11.52
TOTAL 217 100.00

Source: Authors field work

4.2 USE OF GIS IN BUILDING CONSTRUCTION PROJECT

All the construction industries visited are aware on the use of GIS technology in project management though not all
of them use it in all the stages of construction project. 95% of the construction companies in the FCT use GIS
technology in the Planning stage (design, survey) of a building project while, 5% of them still use the tradition way
of design. At the execution stage 15% use GIS. 27% of the companies also use GIS for monitoring/control of
construction projects while 73% still use the old traditional way of on-site visitation.

USE OF GIS IN BUILDING
CONSTRUCTION PROJECT
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Figure 4: Use of Gls in project management for building construction industry in Abuja
Source: Authors field work

4.3 RELATIONSHIPS BETWEEN GIS AND BUILDING CONSTRUCTION PROJECT MANAGEMENT

IN ABUJA
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» 5% -DO NOT USE GIS IN
PLANNING STAGE OF
PROJECT MANAGEMENT

» 85% - DO NOT USE GIS IN
EXECUTION STAGE OF
PROJECT MANAGEMENT

» 73% - DO NOT USE GIS IN
MONITORING STAGE OF
PROJECT MANAGEMENT

PLANNING(95%) EXECUTION

(15%)

» ONLY 4% USES GIS IN ALL THE
PLANNING, EXECUTION AND
MONITORING STAGES OF
PROJECT MANAGEMENT IN
BUILDING CONSTRUCTION

7%
MONITORING
(27%)

Source: Authors field work 2016

The study revealed that only 4% of these companies actually use GIS technology throughout a construction project
while 72% use GIS at the design stage of the project only and then continue with the old traditional way of on- site
visitation for monitoring and recording daily activities in a book. 7% use GIS technology in monitoring building
construction project only and 7% use GIS technology only for the purpose of executing building construction

projects.

4. 4ARESPONDENTS PERCEPTION ON THE CHALLENGES OF USING GIS TOOLS

Financial constraints: The cost of purchase of computer hardware and software are high and most of the
companies cannot afford to acquire such. In order to save cost, they prefer to use the conventional methods
for their projects.

Lack of technical know-how ofthese GIS software and their implementation process by most professionals
in the building construction industry.

Lack of shared knowledge for information exchange: Where one party involved can use the GIS software/
technology and the other party receiving it cannot use it or even does not have it. In this case the use of
GIS technology becomes useless.Internet network is also not consistent all over and can be expensive so
sharing of information between those on site and those in the office becomes really hard and needs to be
printed out which takes it back to the old conventional method of having records in so much papers daily.
Lack of professional development by stakeholders; they are reluctantto improve on their skill especially to
changes in business processes.
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4.0 CONCLUSION AND RECOMMENDATIONS

4.1 CONCLUSION

This research work concludes that even though there is a high level of awareness on the use of GIS technology in the
building construction industry, it is yet to be used effectively. GIS is notably issued at the planning stage of a
project, but very little percentage of the companiesutilizes itduring the execution of the project. An improved
numberof companies use it during monitoring and control stage of a project. As little as 4% that use GIS all through
the project testified to the fact that itenables them to easily monitor and present project progress. It reduces
paperwork and also improves project management capabilities in terms of tracking people, equipment, and assets. It
supports a wide range of user environments ranging from mobile phones to large displays for presentation and
editing data shared in virtual model resources.Captured data to be used for work progress optimization and more
accurate performance data can be used for planning of future projects, predict constructability and problems before
they cause trouble at the construction. GIS can create history or baselines for dispute resolution on site.There can
also be a reduction of contractors and reporting requirements because the owner/engineer can continuously observe
what is happening on-site.

4.2 RECOMMENDATIONS
This research study recommends that the following steps be taken in order toimprove the level of use of GIS all
though building construction project:

e A quick intervention of the use of GIS in building construction projects by both the private and public
sector of the building construction industry due to increasing complexity in the industry and the rate of
competitionwith foreign countries.

e There is the need to promote the use of GIS through increased external requirements. This will require
construction customers/clients take into account the contractors GIS technological capabilities as a criterion
for selection. Furthermore, clients could often mandate the use of specific GIS technologies on their
project.For instance, tendering on-line, specifying project control technologies such as scheduling tools,
cost control systems, and communication systems such as email and project webs.

e There is need for adequate GIS training and technical support for professionals in building construction
firms. This should be vigorously promoted by employers and other stakeholders such as various
professional bodies and associations of the industry in Nigeria. This should aim at providing the necessary
awareness and build capacity to meet future challenges in this marketplace.

e Arobust content of GIS education which will generate adequate construction GIS skill acquisition should
be incorporated in construction courses as a supplement to technical knowledge and expertise invarious
fields of construction study. This could boost the potential for competitive advantage through the use of GIS
Technology in the building firms.

Investing in GIS is no longer primarily buying a piece of hardware or software. It is now more of a potential long
term investment in the process of changes itself. This will aim to improve both productivity and profitability for
theirbenefit. Again, based on the understanding on the returns on GIS investment, financial institutions can assist
building contractors in Nigeria to finance their GIS investment by offering flexible credit facilities to firms seeking
to invest in GIS. This willsupporttheir operations to improve efficiency and payback the facility. Furthermore,
construction clients may support contractors upon request, to procure GIS equipment for their contracts as a means
to support efficiency and collaboration on their projects. This will be deducted on installments from their subsequent
payments.
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