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ABSTRACT
The shift to mobile technology is revolutionary. A significant revolution with smart
phone usage in civil engineering and construction processes is presented. Computers reduce all
the extensive work specifically through the introduction of software applications. Lately,
software development for mobile application has effectively been adopted in various civil
engineering disciplines, as it provides engineers with the ability to perform variety of complex
calculations, modeling, planning, drafting, designing practice and several analysis processes
for civil engineering infrastructure, thereby increasing productivity. Engineers, architects,
contractors, quantity surveyors, students and so on are practicing their work and role on
specialized subsets or innovative technologies such as the mobile application. Accordingly,
professionals become more efficient and productive by using comprehensive engineering
software solutions for construction and sustainability. Smart phones acts like a computer, it
also provides facility to store data such as information, documents etc. This data can be shared
with anyone and anywhere through internet and/or mobile software application. The
smartphones are very helpful and useful for doing business smartly. The development of
Android application presented here is based on electronic information about plants and
equipment acquisition, their cost estimation and specifications for several civil projects.
Applications in Android are coded in the Java programming language using the Android
development tools. The supporting tools are available as a plug-in to various software
development environments such as Eclipse, Android Studio, etc. Java language used for
programming the application is a modified version, as Android does not support all the
credentials of standard Java. Android does not support some Java libraries, such as the user
interface libraries; for this, it has its own customized libraries. The entire ready-to-use user
interface components support the Android user interface libraries. The construction industry is
currently experiencing a paradigm shift from traditional paper-based to digitally based
information technology. This can be deduced from the 50% electronic questionnaire
respondents.
.
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CHAPTER ONE
INTRODUCTION
1.1

Background to the Study
Software plays a central role in almost all aspects of modern day life. It can be defined

as the instructions that cause the hardware (machine) to do work. Software is a computer
program along with its documentation. It can be developed for a customer or may be for a
general market. (Sommerville, 2007). Along with this Pressman (2005) defined software as the
combination of instructions (computer programs) when executed provides desired features,
functions and performance. The number, size, and application domains of computer programs
have grown dramatically. As a result, billions of dollars are being spent on software
development, and the livelihood and lives of most people depend on the effectiveness of this
development. (Asmaa and Heba, 2014).
The two primary software categories are system software (Operating System, OS)
which controls the workings of the machine (computer, mobile device etc.) and application
software, which addresses the multiple of tasks for which people use machine or device.
System software therefore handles such essentials, but often invisible or as underground chores
such as maintaining disk files and managing the screen, while application software performs
word processing, database management, and so forth. Two additional categories although they
contain elements of both, are network software, which enables groups of computers to
communicate, and language software, which provides programmers with the tools they need to
write programs. In this project work, the software category developed is an application software
as stated in the project title.
On the other hand, software development is the act of working to produce or create
software. Software could be produced for a variety of purposes. The three most common
purposes are to meet;
1. Specific needs of a specific client or business (e.g. Android application that
recommends the plants and machineries required in civil engineering projects).
2. Perceived needs of some set of potential users or people (e.g. commercial and
open source software)
3. Personal needs (e.g. an engineer may write software to estimate a mundane
task).

The term software development is often used to refer to the activity of computer
programming, which is the process of writing and maintaining the source code, whereas the
broader sense of the term includes all that is involved between the conceptions of the desired
software through to the final demonstration of the software (DRM Associates, 2002).
Therefore, software development may include research, new development, modification, reuse,
re-engineering, maintenance, or any other activities that result in software products. (Dan,
2002). This project work focuses on a mobile application built upon Android platform that
recommends the plants and equipment required for civil engineering projects. The mobile app
is intended for usage in the appraisal of construction equipment for various civil engineering
infrastructures.
Civil engineering planning and programming software technology first started to appear
on the construction and civil engineering market back in the late eighties. The technology
behind mobile devices has advanced rapidly. It was not all that long ago that voice calls were
routed through a completely wired network with human switchboard operators and all phones
were attached to physical wires. Eventually, the wires were cut, and wireless phones had begun
widespread. Next, crude applications began to appear alongside the telephony capability, and
mobile devices and networks were pushed to provide more and more functionality. Today, we
have incredibly powerful wireless handheld computers. (Hofmann and Lehner 2001).
Today, mobile devices or smartphones are everywhere. They are more prevalent than
personal computers. They have replaced our watches, calculators, cameras, MP3 players, and
have often become our means of internet access. They also provide capabilities such as GPS
navigation, motion and gesture interfaces, social networking, and numerous array of
applications that mix and match many features with all of this, it is also handy which makes it
easier to see why mobile devices are popular. (Steele, 2011). Smartphones are acting like a
computer, smartphones may be thought of as handheld computers, it also provides facility to
store data such as information, documents etc. This data can be shared with anyone and
anywhere through the internet and application software like bluetooth, xender etc. These
smartphones are very helpful and useful for doing business smartly. Today any person can use
smartphone because they are available at low cost in the market. Smartphones are flexible in
compatibility and they provide multiple features that attracts people. There are above fifty
millions of applications available for download from App stores.

Table 2.1: Downloads of Mobile Apps from All Stores Worldwide
YEAR
FREE DOWNLOADS, (Billion)
PAID FOR DOWNLOADS, (Billion)
TOTAL DOWNLOADS, (Billion)
PERCENTAGE FREE DOWNLOADS, %

2011
22.1
2.9
25
88.4

2012
40.6
5.0
45.6
89

2013
73.3
8.1
81.4
90.1

2014
119.9
11.9
131.8
91

2015
189.0
16.4
205.4
92.2

2016
287.9
21.7
309.6
93

With smartphone users estimated globally to over 2 billion as at 2016. (eMarketer Inc.,
2017). The mobile phone is by far the most adopted consumer electronic in the world. As their
processing power increases, the ability to leverage their flexibility, mobility and computing
power to solve daily problems increases. It has become an integral part of our modern
existence. Hence, applications that have been traditionally confined to desktop or large screen
computing are steadily being adapted for mobile phones. While desktop computing still offers
more processing power, the mobile phone has the advantage of constant reachability and
mobility that desktop computing lacks with comparable rich user experience.
The application software for this project runs on Android platform as the Operating
System (OS). Android OS is an open source and Linux-based Operating System for mobile
devices such as smartphone and tablet. Android was developed by the Open Handset Alliance,
led by Google, and other companies. Android application programming is based on Java
programming language commonly known as JavaScript, so the basic understanding of
JavaScript leads to Android application development. Android OS is a broad platform for
creating and running applications. The Android Operating System is an open platform,
meaning that it is not tied to one hardware manufacturer and/or one provider. As one can
imagine, the openness of Android is allowing it to gain market share quickly.
As mobile technology continues to advance, the civil engineering profession must find
ways to effectively plan for its applicability. This mobile application development is applied
in the field of civil engineering by providing solutions with tangible information as regarding
to the numerous plants and equipment required for construction projects and serves as an
Information and Communication Technology (ICT) in civil engineering education, that is, the
use of mobile app as an ICT tool for presentation and learning. ICT tools like application
software, or digital images which are inculcated in this project can be adopted into smartphones
to demonstrate and teach about plants and equipment used on the construction field in absence
of projectors and thus saves time and resources which otherwise may require visitation to site.
As a field that has several specializations such as geotechnical, transportation, structural, water

and so on, broader scope will be needed to teach and learn, which is why information
technology innovation is important. The professionals in this field are called civil engineers
whose duties are to design, build, supervise, operate, and maintain construction projects and
systems in the public and private sector, including roads, buildings, airports, tunnels, dams,
bridges, and systems for water supply and sewage treatment and so on. Many civil engineers
work in design, construction, research, and education sector.
Software development has advanced to a stage where quality attributes of software and
information technology are playing increasingly important role. The introduction of mobile
automation platform and construction related applications have resulted to the combination of
business processes, enabling technologies, and analytical capabilities that allow companies to
build deeper and more profitable mobile relationships with users or the larger world.
During the last decades, software development has made enormous progress and ICT
supporting tools have improved significantly. Different current tools have formed a second
generation of instruments to improve and support software development. Even a perfect
designing tool always requires continuous improvement of software performance according to
specific production needs. It is possible nowadays by means of product updating. Updating the
software application used for specific production tasks significantly increases the efficiency of
performed actions. Testing is an important phase in software development life cycle that has to
be managed very well.
Gransberg et al., (2006) deduced that the success of any construction project depends
largely on how well the construction project has been planned, organized and controlled.
Planning and organization are essential throughout the life of the construction project from the
initial conceptual and design stage to the completion of the construction phase. Gransberg et
al., further believes that construction planning needs a more efficient and time saving platform
whereby, planning can be done at an instant without going through construction manuals. This
mobile application is useful in the planning and selection of plants and machineries. Therefore,
it can be useful in the tendering or bidding process.
In the light of this, software development of a mobile application that recommends the
plants and equipment required for civil engineering projects needs to be given more attention.
In the development process, there are different steps taken to complete different system or
software development methodology. However, whatever steps taken or used, users or people

will require applications with no vulnerability and one which provides protection to
information security characteristics (confidentiality, integrity, availability). Therefore, a full
knowledge of designing a secure and robust software is paramount. This project work
documentation illustrates all relevant steps for building robust software and the product (mobile
app) also provides required information for equipment and plants selection through the
software application.
The information for equipment and plants selection varies based on the type of
construction project, but the activities that must be performed are similar for all projects. The
sizes and types of equipment and plants required may vary, but the need for heavy construction
equipment will always exist. The largest equipment producer in the world is Caterpillar and
their products can be seen in almost all areas of civil engineering project.
1.2

Justification
The technological advancement in the 21st century has seen construction innovative

technologies becoming an increasingly important factor for the growth of many large
construction firms. It has become essential that new construction technologies be identified,
developed and obtained on the most reasonable terms, and then adopted smoothly to the
construction industry. Roozbeh and Yasuyoshi, (2011) concurs that the mobile OS world has
been dominated by Android with a very large margin while Blackberry and Symbian are almost
gone. This project report shows that a mobile application on Android platform which

recommends plants and machineries required for construction projects aids the four major
factors as stipulated by Adeyemi et al., (2005) which contribute to the development of
innovative construction technology in construction industry they are strategic alliances,
effective information gathering capability, reputation through innovation, and technology
fusion. The paper also illustrates the technology evaluation behind Android application
development in the field of civil engineering, that is how useful software engineering can be
applied to civil engineering field. It is concluded that global technology information gathering
and sharing such as the application software for both mobile devices and computers, has
increased the productivity of the construction firms in Nigeria and all over the world. This
innovative technology has brought about sustainability even in the civil engineering field
(Murray et al., 2001). This project is mainly beneficial to the engineers having little or no idea
about the plants and machineries they want to use for their construction projects. By providing
an electronic based information system for engineers and students shifting to new area of

specialization either in the education or industry sector can get a better guidance of the plants
and machineries they want to use or learn about. By making the application mobile based, it
includes many advantages as the user can view the required information on their smartphones
at hand and accordingly estimate the cost that will be required to purchase or hire the plants
and machineries. The application displays the basic details that will be required such as an
image of the plants and machineries for easy identification along with basic details such as the
description for usage, capacity, cost, dealer’s identity, address, contact number etc. These are
some of the information resource displayed on CivilApp. CivilApp recommends or specifies
equipment and plants for various civil engineering projects and there uses, specifications,
availability, dealer (both web links and location). To the superficial observer, the job of
specifying equipment and plants would seem rather routine but an experienced engineer or
construction planner knows that this far from true. Many civil engineers hold supervisory or
administrative positions ranging from supervisor of a construction site to city engineer, public
works director, and city manager. Therefore, such information is needed and can be accessible
to assist them in determining which plants and machineries will be required for certain task.
Heavy equipment refers to heavy-duty vehicles, specially designed for executing
construction tasks, most frequently the ones involving earthwork operations and specially built
equipment and plants for specialized task such as in underwater tunneling, bridge construction.
In this context, the construction equipment referred to ranges from hand held tools to large
machineries while the plant refers to stationary heavy-duty equipment, for the purpose of
distinctive identification of construction equipment, the afore mentioned is adopted throughout
the project work. They are also known as heavy machines, heavy trucks, construction
equipment, engineering equipment, heavy vehicles, or heavy hydraulics are as well displayed.
Heavy equipment functions through the mechanical advantage of a simple machine, some
equipment uses hydraulic drives as a primary source of motion while others may use electrical
energy, mechanical. diesel etc.
1.3

Aim and Objectives
The software application is developed to serve as a technological innovation in both the

construction industry and in civil engineering education. The adoption of mobile technology in
planning of civil engineering projects in the area of equipment and plant selection is the sole
reason for developing this mobile app.
The specific objectives of this mobile application software development project are to;

a) Develop and publish a mobile app that recommends the plants and equipment
required for civil engineering projects.
b) Automate business processes through mobile technology which enables
analytical capabilities that allows construction companies build deeper and
more profitable relationship.
c) Serve as Information and Communication Technology tool for both civil
engineering students and professionals.
1.4

Scope and Limitations of Work
Bid and tender analysis can be time consuming and labor intensive, involving manual

processes and large volumes of documents. The Android-based platform application takes the
headache out of the bidding process for both the cost estimation and determination of plants
and machinery required for civil engineering projects, allowing one to focus more on either
awarding or winning contracts as the case may be. Some of the advantages of the objectives of
the mobile app to a construction organization is that both the tender analysis and the bidders’
response to contract can be aided by the software application in area of equipment and plants
selection. The mobile application is an ideal solution for equipment and plants selection in a
large-scale joint venture construction project. It is necessary to get the inventory of construction
equipment and plants dealers to be able to designate various equipment and plants to them.
This inventory collection gives the selection process a swifter perspective. By so doing, the
automation objectives are getting accomplished. Various equipment and plants dealers both
within Nigeria and outside the country are considered.
The mobile App facilitates high level, fact-based decision-making information
regarding construction equipment and plant logistics and has higher levels of usability and
flexibility than the traditional way of equipment selection. It’s very difficult to keep in mind
and difficult to keep hard copy with one for quality checks, a smart and better way is through
the mobile technology. The mobile App warehouses a vast inventory of equipment and plant
used in civil engineering projects. Nevertheless, both the inventory of equipment at hand and
the standard equipment policy for a construction firm plays an important role in equipment
selection. Therefore, final decision on the equipment required for projects are generally given
by equipment managers, project managers, or the construction planning group together. Often,
the decision-making process can create tensions in the firm. Once the selection of equipment
is being established, then a decision must be made whether to buy, rent, or lease it. These

decisions are given based on the economic standing and strategy of the firm, and the nature and
frequency of equipment use. It is not for the app to determine the equipment and plants.
This development of application software supports Android Operating System (OS)
only. To overcome this earlier mentioned limitation of equipment and plants determination,
constant guidance from the mobile application can lead to the discovery of the desired
equipment and plant determination. In consultation with the mobile app, which is endeavored
to identify a combination of suitable plants and machineries for civil engineering project the
construction companies can proceed to make selection. Regarding the presented mobile
application, the following are the limitations of this project work.
a) Users must possess a smart phone to access the information displayed by the
App
b) There is presently no feature to alert the users whenever a new cost, plants, and
machinery has emerged.
c) Users not using Android OS cannot use CivilApp
d) Mobile devices run on battery and have less powerful processors

CHAPTER TWO
LITERATURE REVIEW

2.1

Literature Review on Civil Engineering Apps

Fig 2.1: Total Number of Apps by App Stores
Application software or App in short term were initially designed and developed for
simple data retrieval and general productivity. However, advances in technology and consumer
demand led to the expansion of the app market to what it is today (Felker, 2011). Lately,
software development for mobile application has effectively been adopted in various civil
engineering disciplines, as it provides engineers with the ability to quickly perform variety of
complex calculations, modeling, planning, drafting, designing practice and several analysis
processes for civil engineering infrastructure, thereby increasing productivity. Apps exist for
nearly any field imaginable and on most operating system now. Google Play (formerly known
as the Android Market) is an international online software store developed by Google for
Android devices. It opened in October 2008. In July 2013, the number of apps downloaded via
the Google Play Store surpassed 50 billion, of the over five hundred thousand apps available.
(as shown in Fig 2.1 above)
The civil engineering apps are solution providers for most civil engineering needs. In
civil engineering, there are numerous ways in which software application can be applied.

Basically, in this project context, civil engineering apps are focused or divided into two
categories, they are, civil engineering project apps and civil engineering education apps.
The mobile technology covers more than 300 civil engineering related topics, which
are all useful for civil engineering students as well as civil engineering professionals. Some of
these apps are 100% free while others are based on subscription. Below are some of the various
purposes within each category where software application is applied.
Civil Engineering Project Apps
•

Maintenance Purposes. For example,

Heavy Equipment Inspection App: - The app provides both mechanical and visual checkpoints
for inspecting heavy equipment. It indicates problems, disrepairs, malfunctions in the
equipment performance and collect necessary data on major equipment systems and notify
mechanics about maintenance issues or repair services required.
•

Laboratory Calculations Purposes. For example,

Civil Material Tester App: - This is an app that helps you do calculations that is helpful in civil
engineering. This app has three categories of calculations which are, concrete technology,
transport technology, geo technology. Some of the helpful calculations are, bituminous
concrete, concrete mix design, design of camber, super elevation etc.
•

Estimation and Costing Purposes. For example,

Civil Quantity Estimator App: -This app is developed in the interest of civil engineer’s works.
Quantity calculations for various hundreds of materials in building. This app eases civil
engineer’s work either working at office or on site, it helps in getting values in seconds.
•

Surveying Purposes. For example,

MapPad App: - This is a productive Android app for civil engineers and is a very innovative
application which uses GPS for calculating distance and area for the shapes drawn on the map.
This application can be used to capture, manage and share data easily. MapPad is a very useful
software for anyone involved in forestry, agriculture, roofing, solar panel planning and solar
panel installation, fencing, construction, real estate management, asset management, winter
snow removal or farming business.

•

Construction Management Purposes. For example,

Ap4 project manager App: - This is an extremely handy app for project managers. They can
use this app to keep track of the progress of a project by synchronizing the app with their
contractor’s devices to obtain reports on the completion of various stages of the project.
•

Communication Purposes. For example,

MoSIC App: - A mobile device software to improve construction sites communications, to
improve the efficiency of participants in construction projects and have a speedy delivery of
these projects,
•

Conversion and Calculation Purposes. For example;

Civil Engineering Pack App: - This app is by far the most comprehensive construction
calculator. Consisting of about 574 calculators and converters, this app is capable of converting
imperial and metric units quickly and easily.
•

Land Use Purposes. For example,

Google Earth App: - This is a mobile version of the app for gaining a new perspective of the
world as you explore the globe, fly through landmarks and cities in 3D with a swipe of one’s
finger.
•

Design and Analysis Purposes. For example,

AutoCad 360 App: - This is the official AutoCAD® mobile app from popular Autodesk Inc.
This application allows you to take your engineering drawing designed in AutoCAD with you,
and it can also be used to view, edit, and share AutoCAD drawings across desktop, web, and
mobile devices.
Civil Engineering Education Apps
•

Learning Purposes. For example,

Civil Engineering Dictionary App: - The dictionary contains more than 10,000 words and their
definitions, along with images. The definitions are technical, detailed and explained according
to civil engineering field. All the definitions are in simple English for easy understanding.
•

Basic Knowledge Acquisition Purposes. For example,

CivilScoops App: - This is a civil engineering app that provides latest, reliable, and verified
civil engineering information in a short and crisp 60 words format. They are prepared by
industry experts and practicing engineers from relevant civil engineering disciplines such as
construction technology, construction management, structural, bridge, material engineering,

water resources and more. One can be updated on latest advancements in the construction
industry as well as learning new jargons.
•

Competitive Exam Purposes. For example,

Civil Q/A App: - This is an application that has many frequently asked civil interview questions
with answers gathered from numerous sources including real interviews. Great for both an
interviewer to quickly come up with questions and for brushing up technical interview
questions before an interview.
•

Quiz Purposes. For example,

Civil Engineering Quiz App: - This is a simple app with all the latest questions in civil
engineering. It contains over 3000 questions covering most topics

2.2

Literature Review on Construction Equipment and Plant
Construction equipment and plant planning aims at identifying equipment and plant for

executing project tasks, assessing their performance capability, and finally participating in the
selection. Proper selection of equipment for a construction project is of vital importance for its
speedy and economical completion. Problem of equipment selection has become more
complicated, because large variety of equipment are being manufactured now-a-days and
equipment are combined to do a particular task which could be done at an optimum cost if
properly planned. To derive full benefits from the equipment and plant involvement, there
should be proper selection and good planning for their operations. Appropriate selection and
planning is essential for successful completion of project and to secure maximum profit.
(Nilesh and Pranay, 2014)
However, selection of equipment for a project is one of the key decisions in planning and
executing a construction project, which affects how the work will be done, the time required to
complete the work, and the cost that will be accrued (Waris et al., 2014). In order that the
engineer does a good job of the work assigned to him, he must be familiar with the required
construction techniques and should have fairly good idea of the construction plant and
equipment available in the country and abroad. (Vazirani and Chandola, 1985).
Factors influencing selection of equipment and plant as stipulated by Jesuwaleyinmi,
(2017) are:
•

Task considerations

•

Cost considerations: Method of evaluation, owning and operating costs

•

Equipment engineering considerations

•

Equipment acquisition option

•

Summary of equipment selection consideration.

2.2.1

Categories of Construction Plants and Equipment.

There are several equipment that is been used in the Construction Industry. These are
used for both large and small-scale projects. Construction machinery can be categorized into
ten (10) main sections based on purpose and use, they are:
1. Earth-moving Equipment
Earth moving equipment falls into two categories: fixed-position and moving machines. The
size of project, topography, volume of earth to be removed and many other detailed factors
influence the choice of type. In general, the moving machines is used for ground levelling and
bulk earthmoving. For example, bulldozer, loader, scraper, grader etc. while the fixed machines
are operated on specific task. For example, face shovel, backhoe, dragline etc. (Harris and
McCaffer, 1982)
2. Hauling Equipment
The term haulage refers to the transportation of materials. For example, dump trucks, trailers,
wagons etc.
3. Hoisting Equipment
Hoisting is the operation of lifting the loads, holding them in suspension during transfer from
one location to the other and placing them at the desired location. The modern construction
requires lifting of material from its location and depositing it to the place where it is required
for incorporation on the work site. For example, tower hoist, cranes, winches, pulley, jacks etc.
4. Conveying Equipment
Conveying systems are extensively used in the field of construction. They provide a very
satisfactory and economical system of handling and transporting materials. The materials
carried by this system are earth, sand, crushed stone, cement concrete. This system provides
for continuity of supply from the source direct to the work site thereby doing away with then
intermediate storage requirements. Examples of conveyors are; bucket, screw, belt, flight etc.
5. Pneumatic Equipment
Air operated tools and equipment are referred to as pneumatic equipment. On the account of
expansive ability, air is very well suited for reciprocating tools such as rivets, chipping
hammers, and paving breakers. For example, air compressors, rock drills, reamers, pneumatic
hoist etc. (Vazirani and Chandola, 1985).

6. Aggregate and Concrete Production Equipment
Construction engineers and managers are then faced with the task of setting up local quarrying
and crushing facilities. The capacity for the crushing plant is selected to produce a given rate
of tonnage output. For example, crusher, feeder and hopper etc. The concrete production
equipment is all the equipment involved in placing, mixing, batching, transporting of fresh
concrete within and outside the job sites. For example, concrete mixers, transit truck, concrete
boom pumps, concrete skip, concrete batching plants etc.
7. Pile-driving Equipment
They are mechanical machines used to drive piles into the soil to provide foundation support
for structures. The major equipment that comes under this category are Pile hammer, piling
rigs, winches, hanging leader etc.
8. Road Construction Equipment
Both bituminous and concrete laying equipment are described, including modern paving trains.
Batching, mixing and recycling of macadam and asphalt are also included. Some of the
equipment used in soil compaction are considered. For example, asphalt paver, smooth drum
rollers, sheep foot roller, asphalt screening plant etc.
9. Tunneling and Rock Drilling Equipment
The drilling equipment depends upon the nature of the terrain, type of rock and the size of the
broken pieces required. Examples includes; jack hammer, drifters, wagon drills, diamond drills
etc.
10. Pumping and Dewatering Equipment
At various stages during the execution of projects pumping has to be resorted to.
Depending upon the job requirements that is pumping head, type of pumping etc. different
types of pumps would be required. For some of the projects such as concrete dam construction,
pumping may be the critical items of construction as it is required to wash all the concrete
aggregates, for mixing and for curing of concrete. Some examples are, bore hole pumps,
submersible turbine pumps, sludge pumps, reciprocating pumps etc. (Vazirani and Chandola,
1985).

Comparison of Alternative Methods of Material Handling
1. Hoist
The hoist is a cheap and rapid method of lifting materials, but it does not load, stack, carry or
place materials and usually the materials need additional transport by some other means, such
as dumper plus man handling.

2. Tower crane
The tower crane will offload from delivery vehicles, lift, carry and stack, place and pour
concrete etc. but requires banksman or dogman and is slow to maneuver. It tends to lose its
advantages over the fork-lift truck for low rise building construction such as housing except
for placing materials inside the structure. it is, however, ideally suited to foundation
construction and engineering work, and high-rise construction because of its clear span of
outreach.
3. Mobile and truck crane
These have similar characteristics to the tower crane, but greater lifting capacity. Firm ground,
good access roads and clear unobstructed outreach are required.
4. Fork-lift truck
The fork-lift truck will off-load, lift, carry, and stack and does not require well prepared roads,
but can only lift around the sides of the structure. It is limited to height of about 10 meters.

Boom Selection for Cranes
1. Cantilevered-Booms
Cantilevered-booms give greater clearance where headroom is limited, particularly when
handling bulky loads. Lifting capacity is generally lower than for a comparable size strut-boom
crane, because of the need to carry self-weight and for permanent site based carnage, the
crawler strut-boom crane tends to be more economical for construction work duties, the
cantilevered being used mainly on wheeled vehicles where maneuverability and headroom are
at premium.
2. Strut-booms
Strut-booms are used with derricks, crawler, and truck-mounted cranes. They have high lifting
capacity with long reach but are cumbersome and require dismantling to increase the boom
length or to add fly-jibs. Dragline and grabbing crane, duties are suitable options.
3. Fly-Jib
A fly-jib may be attached to either a strut- or cantilever-boom to provide extra reach in the
offset position. The arrangement is particularly useful for placing concrete reinforcement, and
other light loads in restricted areas.
4. Telescopic-Boom
The telescopic-boom is a variation of the cantilever, offering a quickly operational and variable
length boom, for mobile and truck-mounted cranes but cannot normally handle dragline and
grabbing duties. The self-weight of the telescoping rams reduces the weight/radius capacity

compared to the strut-boom, but offers increased maneuverability. It is an expensive type of
crane.

2.3
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Fig 2.2: Overview of Civil Engineering Projects
2.3.1 Building Construction
Building construction is the construction of both residential and commercial building
structures. While there are no universally accepted definitions for these terms below. The
following were stipulated.
Low rise: this kind of building relates to low heights usually with four or fewer
stories, usually without elevators.

Plate 2.1: A Typical Low-rise Building

Medium rise: this are building typically ranging from four to twelve stories high.
They sometimes do have elevators to access upper floors.

Plate 2.2: A Typical Mid-rise Building
High rise: A multi-story building, that is, an enclosed structure that has walls, floors,
a roof, and usually windows. A tall building ' is a structure in which most occupants depend
on elevators or lifts to reach their destinations. The most prominent tall buildings are called
high-rise buildings.

Plate 2.3: A Typical High-rise Building
2.3.2 Engineering Survey
Engineering Surveying is the broad term used to describe the work of surveyors on civil
engineering jobs. A survey undertaken for the purpose of obtaining information essential to the
planning of an engineering project. Engineering surveying precedes and/or during all types of
construction projects (building, dam, hydraulic-engineering, dock, harbor, road, and so on).
Engineering survey are applied in other areas such as;

Plate 2.4: A Typical setting of Engineering Survey
Hydrographic surveying or bathymetric surveying is the survey of physical features
present underwater. It is the science of measuring all factors beneath water that affect all the
marine activities like dredging, dock and harbor constructions, offshore drilling etc. This
survey also take part in necessary data collection relating to construction and developments of
port facilities, such as pier construction. This help in finding the loss in capacity due to silt and
many uncertainties. Shalowitz, (1931).
Underground surveying embraces the survey operations performed beneath the surface
of the earth in connection with tunneling, exploration and construction in subterranean
passageways. It is quite different from surveying on the surface. The major application of
underground surveys is in the construction of tunnels and other underground utilities.
(Intergovernmental Committee on Surveying and Mapping Australia, 2014).
Highway surveying is a specialized type of land surveying generally conducted for the
planning stages of a highway development project. During the construction process, a highway
construction survey can ensure that progress is occurring as it should, and that the highway is
located precisely where it should be. After the highway is built, a highway survey can be used
to provide an accurate layout of roadways, utilities, storm drainage systems, overhead wires,
nearby buildings, and other features of the landscape. Some of the surveying equipment
includes; cosmolabe dioptra theodolite tachymeter (surveying), graphometer universal
instrument (surveying), transit (surveying), total station, alidade, dumpy level, surveyor's
chain, engineer's chain, ramsden surveying instruments. Blake, L S, (2001)

2.3.3 Highway Construction
The equipment used in highway construction are interwoven that is they can be used in
other construction such as in bridges, railways, and roads. Many of the equipment such as Side
Boom, Road Boring Machine, Internal Line up Clamp, External Line up Clamp, Dozer, Trackwheel Mounted Cranes, Front end Wheel Loader Lowering Belts, Diesel Welding Sets,
Compressor, Truck, Trailer, Dumper, Concrete Mixer, Pipe Beveling Machine, Test Pump,
Filling Pump, Dewatering Pump, Pressure Recorder, Temperature Recorder, Point Tester,
Dead Weight Tester Jack out Jig.
Bridges

Plate 2.5: A Typical Bridge Construction
Bridge Construction Equipment provides exhaustive coverage of new and emerging
bridge construction technology for all civil engineering professionals looking to save time,
labor and costs, reduce risk, and increase the value and quality of projects through mechanical
equipment, hand held tools, and plants. Construction equipment is becoming increasingly more
complex and sophisticated. With extensive illustrations or images, the mobile application
explores industry trends for every family of machines and their configurations or specifications

for operations, loading, performance, productivity and structure-equipment interaction. The
mobile application describes and recommend procurement of specialist equipment, and
provides an outline of technical specifications for easy adaptation to specific cases. Addressing
the needs of bridge owners, architects and forensic, resident and construction engineers, as well
as contractors, designers, manufacturers, inspectors, safety planners and bridge academics,
Bridge Construction Equipment delivers guidance for the use of specialist mechanized
equipment during each stage of the bridge.
Roads

Plate 2.6: A Typical Road
The construction of road and highways basically consists of 3 phases, rough grading
(or earthmoving), fine grading (which includes sub-grade preparation), and surfacing, which
can include gravel, concrete, asphalt, or any combination of the three. Compaction is also a
major element of all road and highway construction. In road construction project, different
equipment is required for different types of jobs.
Railways

Plate 2.7: A Typical Railway Construction

Rail contractors use highly specialized equipment, heavy self-powered or towed machines for
track construction, tools for work on track components such as rail fastenings, testing and
monitoring equipment used under real operating conditions.
2.3.4

Dam Construction

Plate 2.8: A Typical Concrete Dam
Essentially, a dam is a wall placed across a watercourse, to raise the level of the latter
to create a fall of water or a reservoir. This wall incorporates a certain number of structures,
called substructures, which allow it to fulfil its functions. Dams are classified by the materials
of which they are constructed, hence we have earth dams, rock-fill dams, earth and rock dams
and concrete darns. By their very size and complexity, they represent veritable milestones in
the field of civil engineering and have a major effect on their surroundings. The dam foundation
treatment, which includes consolidation grouting and curtain grouting, starts locally as the
excavation is completed in that area. Embankment construction normally starts, once the
excavation and foundation preparation work in the river bed are sufficiently advanced then
other activities follows.
2.3.5 Dock and Harbor Construction
Dock and harbor conduct four important functions: administrative (ensuring that the
legal, socio-political and economic interests of the state and international maritime authorities
are protected), development (ports are major promoters and instigators of a country’s or wider
regional economy), industrial (major industries process the goods imported or exported in a
port), and commercial (ports are international trade junction points where various modes of
transport interchange; loading, discharging, transit of goods). A harbor is a place of security
and comfort, a small bay or other sheltered part of an area of water, usually well protected
against high waves and strong currents, and deep enough to provide anchorage for ships and
other craft. It is also a place where port facilities are provided, e.g. accommodation for ships

and cargo handling facilities. A dock is a place, usually man-made area of enclosed water,
where ships are loaded, unloaded or repaired.

Plate 2.9: A Typical Dock and Harbor
2.3.6

Canal Construction

Plate 2.10: A Typical Canal Construction
No two canals are alike. Canals can range in size from small concrete lined irrigation
ditch to massive main canals where the top width is as wide as a football field. Generally, small
canals cover everything from concrete lined irrigation ditches with bottom widths (BW) as
narrow as 30cm (12 in.) up to branch/ distributary or even small main canals up to a maximum
size of approximately 2.43m (8 ft.) deep and 2.0m (7 ft.) bottom width. Generally large canals

cover everything from large power channels and main canals to small distributary and
secondary canals that run as small as approx. 2.5m (8 ft.) deep and 2.5m (8 ft.) bottom width.
2.3.7

Tunnel Construction

A tunnel is an underground or underwater passage that is primarily horizontal.
Relatively small-diameter ones carry utility lines or function as pipelines. Tunnels that
transport people by rail or by automobile often comprise two or three large, parallel passages
for opposite-direction traffic, service vehicles, and emergency exit routes.
The world's longest tunnel carries water 105 mi (170 km) to New York City from the
Delaware River. The lengthiest person-carrying tunnel is the Seikan Railroad Tunnel. It is a
33-mi (53-km) long, 32-ft (9.7-m) diameter railroad connection between Japan's two largest
islands, Honshu and Hokkaido. One of the most anticipated tunnels was the Channel Tunnel.
Completed in 1994, this tunnel connects Great Britain to Europe through three, 31-mi (50-km)
long tunnels (two one-way and one service tunnel). Twenty-three miles (37 km) of this tunnel
are underwater.
Underwater Tunneling

Plate 2.11: Section of a Typical Underwater Tunnel
Types of underwater tunnels;
Soft ground tunnel: Tunnels which are dug up below the ocean bed
Immersed tunnel: Tunnels which are made on the ocean floor
Floating Submerged Tunnel: Tunnels which are submerged and floating due to tethers attached
Tunneling Through Rock
This requires deep knowledge and years of experience in underground construction, but
also a proper range of equipment that work, whenever and wherever needed. Equipment

includes; Crawler Excavators, Wheel Loaders, Crawler Loaders, Road headers for tunneling
series, tunneling jumbos series, load and haul equipment for tunneling.

Plate 2.12: A Typical Tunnel Through Rock
Tunneling Through Sand

Plate 2.13: A Typical Tunnel Boring Machine Through Sand
Tunnels in soft soil are often constructed as bored tunnels, when the use of cut and
cover tunnel techniques is not possible or too costly an option. Bored tunneling techniques
cover both tunnels constructed by the use of a Tunnel Boring Machine (TBM) and tunnels

constructed by hand tools and machines, using an observational approach with temporary
support of the excavation. The latter is often called sprayed concrete lined (SCL) tunnels.
2.4

Literature Review on Software Engineering
According to (IEEE, 2017). Software engineering can be defined as the application of

a systematic, disciplined, quantifiable approach to the development, operation, and
maintenance of software, and the study of these approaches, that is, the application of
engineering to software. Therefore, applying software engineering requires the exact execution
of method that is precise with quantified steps and procedures regarding development,
operation and maintenance of software. Software consists of well organize d set of instruction
or codes, procedural rules with associated documentation and data that enable computer
systems perform a given task. Software without the required documentation is termed as a
program. Software systems are mainly divided into two namely; system software, which
handles the basic functions of the computer and application system, which handles a range of
generalized or specified tasks for a user.
Applications of Software Engineering
The areas of software engineering applications arise from the need for software developers
to solve various problems in new ways of better methodology. Software applications as
categorized by Agarwal et al (2016) include:
1. System software
2. Real time software
3. Embedded software
4. Business software
5. Personal computer software
6. Artificial- intelligence software
7. Web-based software
8. Application Software
2.5

Literature Review on the Android Architecture

The Android architecture is divided into the following four main components (see Figure 2.3):
1. The linux kernel
2. The libraries and Dalvik virtual machine
3. The application framework

4. The applications

Figure 2.3: Android Architecture
The Application Framework
Directly beneath the app layer is the application framework (as shown in FIG 2.2), a set of
high-level building blocks for creating apps. The application framework is preinstalled on
Android devices and consists of the following components:
•

Activity Manager: This component provides an app’s life cycle and maintains a shared
activity stack for navigating within and among apps. Both topics are discussed later in
this chapter.

•

Content Providers: These components encapsulate data (such as the Browser app’s
bookmarks) that can be shared among apps.

•

Location Manager: This component makes it possible for an Android device to be
aware of its physical location.

•

Notification Manager: This component lets an app notify the user of a significant event
(such as a message’s arrival) without interrupting what the user is currently doing.

•

Package Manager: This component lets an app learn about other app packages that are
currently installed on the device. (App packages are discussed later in this chapter.)

•

Resource Manager: This component lets an app access its resources, a topic that’s
discussed later in this chapter.

•

Telephony Manager: This component lets an app learn about a device’s telephony
services. It also handles making and receiving phone calls.

•

View System: This component manages user interface elements and user interfaceoriented event generation. (These topics are briefly discussed later in this chapter).

•

Window Manager: This component organizes the screen’s real estate into windows,
allocates drawing surfaces, and performs other window-related jobs.

The Libraries
The libraries component also shares its space with the runtime component. The libraries
component acts as a translation layer between the kernel and the application framework. The
libraries are written in C/C++ but are exposed to developers through a Java API. Developers
can use the Java application framework to access the underlying core C/C++ libraries. Some
of the core libraries include the following:
•

Lib Web Core: Allows access to the web browser.

•

Media libraries: Allows access to popular audio- and video-recording and playback
functions.

•

Graphics libraries: Allows access to 2D and 3D graphics drawing engines.

Finally, the libraries and Android runtime rely on the Linux kernel (version 2.6.x or 3.0.x)
for underlying core services, such as threading, low-level memory management, a network
stack, process management, and a driver model.
•

FreeType: This library supports bitmap and vector font rendering.

•

Libc: This library is a BSD-derived implementation of the standard C system library,
tuned for embedded Linux-based devices.

•

Lib Web Core: This library offers a modern and fast web browser engine that powers
the Android browser and an embeddable web view. It’s based on WebKit
(http://en.wikipedia.org/wiki/WebKit) and is also used by the Google Chrome and
Apple Safari browsers.

•

Media Framework: These libraries, which are based on Packet Video’s Open CORE,
support the playback and recording of many popular audio and video formats, as well

as working with static image files. Supported formats include MPEG4, H.264, MP3,
AAC, AMR, JPEG, and PNG.
•

OpenGL | ES: These 3D graphics libraries provide an OpenGL implementation based
on OpenGL ES 1.0/1.1/2.0 APIs. They use hardware 3D acceleration (where available)
or the included (and highly optimized) 3D software rasterizer.

•

SGL: This library provides the underlying 2D graphics engine.

•

SQLite: This library provides a powerful and lightweight relational database engine
that’s available to all apps and that’s also used by Mozilla Firefox and Apple’s iPhone
for persistent storage.

•

SSL: This library provides secure sockets layer‒based security for network
communication

•

Surface Manager: This library manages access to the display subsystem, and it
seamlessly composites 2D and 3D graphic layers from multiple apps.

The Dalvik Virtual Machine (DVM)
Dan Bornstein originally wrote the Dalvik Virtual Machine. He named it after a small
fishing village in Iceland where he believed one of his ancestors once originated. The DVM
was written primarily to allow application execution on devices with very limited resources.
Typically, mobile phones will fall into this category because they are limited by processing
power, the amount of memory available, and a short battery life. A virtual machine is an
isolated, guest operating system running within another host operating system. A virtual
machine will execute applications as if they were running on a physical machine. One of the
main advantages of a virtual machine is portability. (Carton et al., 2007)
The Linux Kernel
Android runs on top of a Linux 2.6 kernel. The kernel is the first layer of software that
interacts with the device hardware. Similar to a desktop computer running Linux, the Android
kernel takes care of power and memory management, device drivers, process management,
networking, and security. Modifying and building a new kernel is not something one will want
to consider as an application developer. Generally, only hardware or device manufacturers will
want to modify the kernel to ensure that the operating system works with their hardware.
(Burton and Felker, 2012). The kernel’s two main tasks are to;
(1) serve as a bridge between hardware and operating system, and
(2) handle security, memory management, process management, and networking.

The kernel is usually one of the main components that will be modified when different
hardware manufacturers start adopting Android to work with their hardware.
2.5.1 Why Develop on Android Platform?
The official launch of version 1.0 (cupcake) of Android took place on September 23rd,
2008, and the first device to run it was the HTC Dream. (Bose et al., 2012). The Android
Operating System is an open platform, meaning that it’s not tied to one hardware manufacturer
and/or one provider. As one can imagine, the openness of Android is allowing it to gain market
share quickly. Android has acquired a huge market share of smartphones in the past few years.
The sales of mobile phones containing Android have been on the rise with each passing year.
These figures (in the Fig 2.4 below) and other features present a strong motivation for the
development of this mobile application. These were the reasons that initiated the development
of CivilApp on Android and why it was chosen to be the solution mandate for achieving the
set objectives of this project.

Fig 2.4: Smartphones Sales Globally, According to International Data Corporation, 2014
2.5.2

Users and their Characteristics

According to the Android Developer website (2014a and 2014b) on User Interface (UI)
and input. Here are some guidelines to follow to build a good application. A good UI for an
application should consider that the application will be used in a variety of different screen

sizes. So, it is essential that the application is designed with this in mind. By using wrap content
and match parent attributes for the view component of the application (usually on the xml files),
the application can resize itself to either the minimum size to fit the content in that view or
follow the size of the parent view which should make the view size much more flexible. This
will be used to make sure that the size of the overlay being built is flexible and can be changed
according to the user’s needs. (Jordan and Greyling, 2011).
Designing effective navigation according to the Android Developer website is one of
the main areas to focus on. Since apps usually work as a number of screens with different
functionalities, it is important to plan screens and their relationships. Using entity-relationship
diagrams (ERDs) is a good way to manage this. (Jackson, 2012; Felker, 2011). Due to limited
resource, a lot of research has been done to improve the efficiency and user experience of
smartphones from different perspectives.
2.5.3

Categories of Mobile Applications

There are many ways in which mobile applications can be categorized. Nevertheless,
any plausible partition can lead to better results in the development process, due to a higher
focus on issues that are specific to the respective application type. Depending on the experience
of the development team, different measures can be taken. For a seasoned team, identifying the
application type means experiences from developing similar applications in the past can be
used. Teams with less development experience can also benefit from categorization, by
obtaining and implementing a specific set of guidelines and principles for the specific type of
application.
In (Varshney and Vetter, 2001) the authors identify classes of mobile construction
applications. Example classes include Civil Engineering Dictionary App, productivity Android
app. Android application for calculations at construction site. Six different categories of mobile
applications are identified in standalone applications (games or utilities), personal productivity
software (word processors and office applications), Internet applications (e-mail clients,
browsers), vertically integrated business applications (security), location-aware applications
(tour planners and interactive guides) and ad-hoc network and groupware application (a group
of users establish an ad-hoc network to exchange documents).

Fig 2.5: Categories of Mobile Applications, Based on (Unhelkar & Murugesan, 2010)

CHAPTER THREE
PROJECT METHODOLOGY
3.1

The System Architecture
A system architecture is a conceptual model that defines the structure, behavior, and

more views of a system. An architecture description is a formal description and representation
of a system, organized in a way that supports reasoning about the structures and behaviors of
the system. (Android Developer Official website, 2014) It explains the basic steps carried out
for the achievement of the mobile application presented. Frontend: User interface, Backend:
Data models, and Strategy: Business logic (as shown in FIG 3.1)

Fig 3.1: System Architecture

3.2

Hardware and Software Requirement
In creating a spectacular Android app, one should take advantage of all that the phone

hardware has to offer. Android devices come in all shapes and sizes in form of phones, tablets,
and e-book readers. The engineers behind Android provide tools that let one easily deploy apps
on multiple screen sizes and resolutions.
The Android touchscreen opens a ton of possibilities to enhance users’ interaction with
apps. Users can swipe, flip, drag, or pinch to zoom by moving one’s finger(s) on the
touchscreen. Android also supports multi-touch capability, which lets a user touch the entire
screen with more than one finger at a time. After the motivation for developing the application
was identified, the next step was to gather requirements

3.2.1 Hardware Requirement
The hardware needed for the both the programming and documentation phase of this
project work includes;
•

Personal computer – Laptop or desktop running on Windows OS

•

Hard Disk – 5 GB and above

•

Memory – 1GB RAM and above Android device

3.2.2
Software Requirement
Software Requirements: the software required for the development of this mobile
application includes;
•

Windows 8.1(professional enterprise)

•

Android Development Toolkit (ADT)

•

Visual Studio 2010 and above

•

Internet
Android is also the Java Class library used to build applications for the Android

Software environment. Java on Android Makes use of XML for variables such as string and
integers. XML is also used to control the layout and style of an application. This Separate layer
convention is similar to Hyper Text Markup Language (HTML) for content and Cascading
Style Sheet (CSS) for style. There are differences due to different languages and functionalities
as HTML is not a programming language as Java is. However, from a conceptual level this
comparison can be made. As Far as practical aspects are concerned, Java defines the button’s
functionality, while XML defines the buttons text, color, font-weight and size.

3.3

Android Software Environment

Jackson (2011) outlines three major components of an Android development environment:
Java JDK, Eclipse IDE, Android SDK (see Appendix) and provides instructions on how to
download and install necessary files to establish this environment.

Operating
System

Middleware
Libraries

Software
Development
Kits(SDK)

Application

Application
Framework

Fig 3.2: Overview of Android Developer Tools
To develop an Android application, developers need to make sure that the development
environment has a Java Version 5 or above. Android applications are written in JavaScript —
not the full-blown Java, but a subset of Java that is sometimes known as the Dalvik virtual
machine. This smaller subset of Java excludes classes that don’t make sense for mobile devices.
Although the majority of Android is Java, small parts of the framework aren’t. Android also
encompasses the Extensible Markup Language (XML) language as well as basic Apache Ant
scripting for build processes.
It outlines the steps needed to set up an environment, explains the fundamental concepts
of Android application development. Android is a software environment and not a hardware
platform, which includes an OS Built on Linux kernel-based OS Hosting the Dalvik Virtual
machine. The Dalvik Virtual machine runs Android Applications as instances of the virtual
machine. (Abrahamsson, 2005) concurs that Android contains a rich user interface, application
framework, Java Class libraries and multimedia support Android Also comes with built-in
applications containing features such as short message service functionality (messaging),
Phone capabilities and an address book (contacts).
According to (Installing SDK, 2011) the installed and configured tools, includes the software
development kits (SDKs) and
•

Java JDK: Lays the foundation for the Android SDK.

•

Android SDK: Provides access to Android libraries and allows one to develop for
Android.

•

Eclipse IDE (integrated development environment): Brings together Java, the Android
SDK, and the Android Development Tools (ADT) and provides tools for one to write
Android programs.

•

Android ADT: Does a lot of the grunt work for you, such as creating the files and
structure required for an Android app.

A benefit of working with open source software is that, most of the time, one can get the
tools to develop the software for free. Android is no exception to that rule. All the tools that
one need to develop rich Android applications are free. The steps on how to set up Android
development environment are acquired from official Android website and are outlined below.

3.3.1

Android Version Developed.

Each version of Android since Android 1.5 has been developed with a specific
codename. These codenames are chosen alphabetically, and have thus far all been dessert items
(or, generically, sweet/sugary foods). Some codenames are associated with more than one
version number, while others are limited to only a specific one, and the reason for this
inconsistency is not currently known. For this project work, the Android jelly bean version 4.2
is targeted. This means the app minimum supported version.

3.4

Application Development Cycle

The application component of the Android operating system is the closest to the end user.
This is where the contents of the app are viewed by users. Even though every component of
the Android operating system can be modified, one can only have direct control over one’s
own application security. This does not, however, gives free rein to ignore what happens if the
device is compromised with a kernel or Virtual Machine (VM) exploit. Ensuring the
application does not fall victim to an attack because of an unrelated exploit is also taken into
consideration.
Android Operating System has been developed with proven open source technologies, so
developer can therefore build rich applications that have been fostered in the open source
community.

Fig 3.3: Development Cycle

Building the App
This is the procedure taken to build the app using Android Studio. Before starting to
develop, Android Studio was downloaded and installed on a computer system. In the Android
Studio, these were the steps taken to create a new project:
•

If you don’t have a project opened, in the Welcome to Android Studio window,
click Start a new Android Studio project

•

If one has a project opened, select File > New Project

•

In the New Project screen, enter the following values, Application Name,
Company Domain. Android Studio fills in the package name and project location
for you, but one can edit these if you’d like

•

Click Next

•

In the target Android Devices screen, keep the default values and click Next. The
Minimum Required SDK is the earliest version of Android that the app will
supports, which is indicated by the API level. To support as many devices as
possible, one should set this to the lowest version available that allows your app to
provide its core feature set. If any feature of your app is possible only on newer

versions of Android and it is not critical to the core feature set, enable that feature
only when running on the versions that support it
•

In the Add an Activity to Mobile screen, select Empty Activity and click Next.

•

In the Customize the Activity screen, keep the default values and click Finish.
After some processing, Android Studio opens and displays a Hello World app with
default files. One can add functionality to some of these files. Now take a moment
to review the most important files. First, be sure that the Project window is open
(select View > Tool Windows > Project) and the Android view is selected from
the drop-down list at the top.

•

One can then see the following files:

app > java > com.example.myfirstapplication > MainActivity.java
•

These files appear in Android Studio after the New project wizard finishes. It
contains the class definition for the activity you created earlier. When one build and
run the app, the Activity starts and loads the layout file that says Hello World!

app > res > layout > activity_main.xml
•

This XML file defines the layout of the activity and contains a Text View element
with the text Hello World!

app > manifests > AndriodManifest.xml
•

This manifest file describes the fundamental characteristics of the app and defines
each of its components. You’ll revisit this file and add more components to your
app.

Gradle Scripts > build.gradle
•

Android Studio uses Gradle to compile and build the app.

In building the app, sample codes were imported as open source codes. The following
procedures were adopted.

Fig 3.4: Developer’s Workflow

Running the App
After creating an Android project, one can now run the app on a real device or an
emulator. Both the two were used in the development of this app for quality assurance purpose.
To run on a real device such as a smartphone specifically an Android phone. The set up are
listed below;
•

Connect your device to your computer system with a Universal Serial Bus (USB)
cable. If developing on windows, one might need to install the appropriate USB

driver for one’s device. For help installing drivers, see the OEM USB Drivers
document.
•

Enable USB debugging on one’s device by going to Settings > Developer options.

•

On Android 4.2 and newer, Developer options is hidden by default. To make it
available, go to Settings > About phone and tap Build number seven times. Return
to the previous screen to find Developer options.

•

Run the app from Android Studio as follows

•

In the Android Studio, select your project and click Run from the toolbar.

•

In the Select Deployment Target window, select your device, and click OK

To run on an Emulator, one need to create an Android Virtual Device (AVD) definition.
An AVD definition defines the characteristics of an Android phone, tablet, Android Wear, or
Android TV device that you want to simulate in the Android Emulator. The following steps
were taken to create an AVD Definition;
•

Launch the Android Virtual Device Manager by selecting Tools > Android > AVD
Manager, or by clicking the AVD Manager icon in the toolbar.

•
•
•

•

In the Your Virtual Devices screen, click Create Virtual Device.
In the Select Hardware screen, select a phone device, such as Nexus 6, and then click
Next.
In the System Image screen, choose the desired system image for the AVD and click
Next.
If one doesn’t have a particular system image installed, one can get it by clicking the
download link.
Verify the configuration settings (for your first AVD, leave all the settings as they
are), and then click Finish.

Run the app from Android Studio as follows
•

In Android Studio, select your project and click Run from the toolbar.

•

In the Select Deployment Target Window, select your emulator and click OK.

Application Code Signing
Any application that is to run on the Android operating system must be signed. Android
uses the certificate of individual developers in order to identify them and establish trust
relationships among the various applications running in the operating system. The operating
system will not allow an unsigned application to execute. The use of a certification authority
to sign the certificate is not required, and Android will happily run any application that has

been signed with a self-signed certificate. Like permissions checks, the certificate check is done
only during installation of the application.

HOW TO GENERATE SIGNED APK
Signed APK (see Appendix) is required by Google Play Store for uploading or
updating APK. By Default, we generate debug APK when we run our application which is
unsigned, and it cannot be accepted by Google Play Store. In Google Play Store every
application must be signed with certificate, which holds the details about developer and secret
key by which Google Play Store identifies APK is being uploaded from a valid source.
In Android Studio there is a built-in wizard to generate signed APK. To start the process of
signing APK. The following procedures was taken as shown below.
•
•
•
•
•
•
•
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Open Wizard Window
Create keystore
Proceed to Generate Singed APK
Enter Master Password
Finish. Wait for background task to finish. It may take few minutes. The time taken
for the building varies upon projects.
See Event Log Window. Normally Android Studio notifies you with a popup alert
with a link pointing to the path where signed APK generated.
Find Your APK in Directory. Normally it will be created under module folder.

User Interface Design
Public Information Module otherwise called front end or user interface. It consists of

displayed general information about the plant and machineries on the app which the public or
users may access. These includes, the pictures of the plants and machineries, brief description,
and other information. The journey into the world of interface design and the screen design
process must begin with an understanding of the application users. The user interface is the
most important part of any operating system because it can be seen, it can be heard, and it can
be touched. The piles of software codes are invisible, hidden beneath the surface. The goals of
interface design are simple- to make working with mobile smartphone easy, productive, and
attractive to attain good usability of the mobile application to the users. The user interface has
essentially two components: input and output. Input is how a person communicates his or her
needs or desires to the App. For this project, the mobile App is adaptive to one’s finger (for
touch-sensitive screens). Output is how the mobile App conveys the results of the computations
or enquiries to the user. With the arrival of many Android devices, all having different
specifications and screen sizes, it has been a challenge for developers to design applications
that run smoothly on them all.

With today’s technologies, the motivation to create really effective and usable
interfaces and screens are robust. A well-designed interface and screen was conducted during
the design and development stage of the mobile application using the Android Studio, Adobe
Photo Shop and CorelDraw. Poor design was avoided so as not to make the application less
attractive which could discourage people from using the app due to aggravation, frustration,
and increased stress. One of the benefits of having a good interface is that users will be able to
save time while making use of the application, that is, reduces the time for decision-making
and extraction of information. The application’s design was developed with simplicity,
consistency, performance and ease of use in mind. It had to satisfy these in order to be
successful with the user.

3.5.1

Interface Usability Assessment
Usability assessment began in the early stages of the project (mobile

Application) development cycle and was continually applied throughout the process.
Some of the problems that were encountered were;
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•

Ambiguous menus and icons

•

Inadequate documentation

•

Lack of system intelligence

•

Complex linkage between and within activities

•

Input and direct manipulation limits

•

Languages that permit only single-direction movement through a system

Data Mining
It refers to the process of extracting information from large amount of data. The term

is actually a misnomer. Nevertheless, mining is a vivid term characterizing the process that
denotes a small set of information from a great deal of raw material. The data mining for this
project consists of the following steps.
1. Data cleaning (to remove irrelevant data)
2. Data integration (where multiple data sources are combined)
3. Data selection (where data relevant to the subject are retrieved from the
database)
4. Data transformation (where data are transformed and consolidated into forms
appropriate for the mobile app users)

5. Pattern evaluation (to identify the truly interesting patterns representing
knowledge based on some criteria)
6. Knowledge presentation (where visualization and information representation
techniques are used to present the mined information to the users)
Note, that according to this view listed here, data mining is only one step in the entire
process, albeit an essential one, since it uncovers hidden patterns for evaluation.

3.6.1

Data Collection and Storage

The data collection for the build management module was done on the basis of metadata
procedure. One of the largest issues in digitalizing plants and machineries data into digital
libraries is the building of data collections. Obviously, for any digital asset to be viable for
coding, it must have a digital collection with it to make it useful. Data is central to the
development of digital app. The data describes the contents and attributes of any particular item
on the app. Cataloguing information that describe equipment and plants documents was done
via Microsoft Word and Excel. The catalogue is very essential both in development and quality
assurance stages because it is the key to resources discovery and correction of any misuse of
any document which is important at the quality assurance stage. It is also an important feature
for efficient and effective sorting.

3.7

Android Application Security

Fig 3.5: Android Application Security
When created or received, data needs to be stored somewhere. How this information is
stored will ultimately reflect on how secure the application really is. Releasing the application
to the public was approached with the same caution and paranoia as launching a website on the
Internet. The possibility that the application can either be directly or indirectly attacked at some

time is beyond doubt and that the only thing standing between the end user’s privacy and data
protection is the application.
Sheran Gunasekera (2012) claims that Android has had its fair share of security
setbacks and a burgeoning list of malwares that is worth examining and learning from. The
application made the best functionality possible while taking care to protect users’ data.
Planning and thinking about security prior to the development phase of this application was
considered. With this in mind, the security controls available on the Android operating system
and Android’s built-in security was employed.

3.7.1 Security Risks
Mobile device users face some unique risks when compared with desktop computer
users. Aside from the higher possibility of losing or having their device stolen, mobile device
users risk losing sensitive data or having their privacy compromised. As discussed previously,
Android runs on top of the Linux 2.6 kernel. Android Linux kernel handles security
management for the operating system. The Android kernel implements a privilege separation
model when it comes to executing applications. This means that, like on a UNIX (see
Appendix) system, the Android operating system requires every application to run with its own
user identifier (UID) and group identifier (GID) (see Appendix). This ensures that applications
or processes have no permissions to access other applications or processes. Privilege separation
is an important security feature because it denies one of the more common types of attacks. In
many cases, the first attack that is performed is not the most effective one. It is usually the
stepping-stone or gateway to a bigger attack. Often, attackers will exploit one component of a
system first; and once there, they will try to attack a more important component in the system.
If both these components are running with the same privileges, then it is a very trivial task for
the attacker to hop from one component to the next. By separating privileges, the attacker’s
task becomes more difficult. In this manner, the attack is stopped, if not slowed. For example,
this allows the application to request permission to use the system component that handles
activities. But who decides whether to grant or deny access? Android allows the end user to
perform this final approval process. When the user installs the application, he or she is
prompted with the Android permissions request screen. It is worthwhile to note that no prompt
for permissions will take place when the application is executing. Instead, the permission will
need to be granted at install time.
Security policy defines what is secure for a system. Security formalizes and specifies
the policy while security mechanism enforce the model and policy. Security policy determines

what a system should do and how to do it. Trusting the system to be secured requires trusting
that security policy correctly and clearly and hence categorize system states into secure or
authorized state and insecure or unauthorized state and that security mechanisms prevent the
system from entering an insecure state. Since security is a way of formalizing security policies,
hence security policy is a description of security requirement for a system. Even though, model
appear alike, their meanings make a lot of difference.
However, security policy defines when a system is considered secure; hence security
of every software system is based on some set of assumptions. (Abrahamsson, 2007). In order
to be able to trust the mobile app system to be secured, some level of assurance for its security
was observed. As a result, this assurance comes in form of proofs that support the fact that the
mobile app system is working as intended. The Android platform has several mechanisms that
control the security of the system and applications, and it attempts to ensure application
isolation and compartmentalization at every stage. Each process within Android runs with its
own set of privileges, and no other application can access this application or its data without
explicit permissions provided by the end user.

3.7.2 Performance Testing
According to the Android Developer website on performance, Android Developer
Official website (2014c), developers need to be aware of the amount of RAM the application
uses during operation. This is especially important since a mobile operating system physical
memory is often constrained.
User Interface (UI) testing was done using instrumentation on the UI thread. It is
especially useful in detecting slow to draw or stutters in the display of motion images. Usually
test methods are added to ensure that the correct behavior is achieve with the UI. Unit testing
was done to check for any bugs in the application. The cloud test lab was also used. Cloud test
lab helped in quickly finding compatibility issues that might have been missed when using only
the available test devices. The test results demonstrate that the application is well designed,
user friendly, and meets user requirements.

3.8

Questionnaire Survey

The questionnaire was developed to know the perspective of Nigerian construction
industry to innovative technologies precisely, mobile technology which is the core objective of
this project work. A total of 50 recipients were sent the electronic questionnaire, comprising,
contractors, construction managers and project managers. They provided empirical data for the
analysis.
This section describes the results of a survey run on awareness of Mobile Apps for civil
engineering projects. The questionnaire comprises seven questions whose aim is to see if
mobile technology such as mobile app, internet etc. are generally used to perform various tasks
in the Nigerian construction industry, and if mobile applications are used for construction
equipment procurement which is the center theme for this project Unfortunately, the number
of responses was low, so a quantitative analysis of answers would be inconclusive. Still,
qualitative data (observational) in responses was quite insightful and convergent. The
following list presents a few conclusions drawn from the survey.
1. When asked to suggest a methodology suitable for equipment procurement, a
response was Issue Request for Quotation, invite short-listed vendors, negotiate
price and warranty, discuss maintenance agreement for lifecycle optimum
performance. Effect Payment
2. Respondents considered Mobile technology, Telematics and Internet to be suitable
for larger projects (and larger companies), mainly due to the high level of planning
involved in the process. One respondent considered the method best suited for “a
company big enough to spend days on planning”; another suggestion was to replace
“days” with “hours” for the respective stages.
3. Respondents regularly used internet to evaluate construction task.
4. Internet, telephone call and visitation of hire company were considered the most
useful means of making enquiry on construction equipment.
5. The overall impression on the questionnaire survey was that the methodology of
innovative technologies would be suitable for larger projects, as the level of
planning required was perceived as high. Respondents suggested.
The last two questions identified the innovative technologies impacting the civil engineering
projects in Nigeria. They grouped into five technologies which are
1.
2.
3.
4.
5.

Drones
Global Positioning System (GIS)
Telematics
Mobile Apps
Internet or websites.

The results showed that some perception of the benefits of mobile technology was identified
in Nigerian construction industry. Also, the questionnaire survey indicates that there is the need
for awareness and current use of innovative technologies to boost productivity of construction
companies.

CHAPTER FOUR
RESULTS AND DISCUSSION

4.1

Selection of Equipment and Plants
This section describes equipment and plant planning for construction of the main

components of a project and the processes involved in construction equipment and plants
selection. Planning in the construction industry, as is well known plays an important part in the
successful outcome of a project. The requirement of equipment is usually planned in reference
to the guidelines from the method statement for most civil engineering projects. Plant and
equipment constitute a substantial portion of construction project costs. The composition of
equipment and plants depends on the type of the project and terrain area of the project where
they are going to be employed. Equipment may range from heavy to light (handheld) tools, but
they work as ideal resources at various phases of project to secure the quality performance at
work and ultimate completion of the project.
The overview requirement of equipment and plants as recommended herein by the App
will help in analysis of rates of works, cost estimation and in evaluating the responses of the
participating bidders’ equipment selection, within overall construction schedule and cost
estimate. In cases where the construction project is executed through award of contract, the
contractors probably may suggest their own construction techniques and equipment for
execution of the job based on the recommended equipment and plant actually available on the
mobile app. The subject matter of this project deals with the automation of the selection and
recommendation processes for various types of equipment and plants required for civil
engineering projects.
This App helps in the preparation of inquiry documents for major machineries as well
as in detailing equipment and plants procurement. CivilApp recommends or specifies
equipment and plant for various civil engineering projects. The equipment and plants use,
specification, availability, dealer’s identity (both web links and locations) are accessible to
users. To the superficial observer, the job of specifying equipment and plants would seem
rather routine but an experienced engineer or construction planner knows that this far from
true. Clicking few icons or tabs on the App via the smartphone may define the extent of the
equipment and plants cost. The cost of plant and equipment may constitute about 70% of the
direct cost of project.

By far the most effective method of specifying equipment and plants is through
automation of the processes involved which birth this mobile software application. Instead of
using a stack of reference leaflets, the software application serves to blend all applicable
processes either purchase or hire of equipment and plants as well as their recommendations
into a unified whole. In developing this software application, technical analysis of the
equipment and plants which tends to uncover differences, categories, and nature in civil
engineering projects were done.
Some users may use the mobile App to get several equipment and plants specifications
for a construction task. In other words, a general specification table describing fuel capacity,
dimensions of equipment and plants, usability or applicability of all the equipment and plants
coverage and so on was linked to indigenous and foreign equipment and plants dealers through
the use of internet. His process saves the planner or engineer from strenuous task and travels.
The mobile App is fully augmented by images, specification tables, descriptions,
website links, and other data. These data help the users prepare cost estimation of equipment
and plants. The App was successful developed, and it serves as an aid to construction planners,
contractors, equipment engineers and so on in the area of equipment and plants selection. They
could obtain a fair assessment or appraisal of the equipment and plants to be used on site even
before they are engaged in the fieldwork. This mobile App is of paramount importance to young
engineers who may not be able to envisage all the necessary equipment and plants required for
civil engineering projects.
A project of this type would not be possible without the assistance of different
individuals and organizations. Much of the technical information was provided by construction
equipment and plants dealers and manufacturers. The mobile App is particularly valuable for
civil engineering projects ranging from canal, dam, bridge, road, railway, building, dock and
harbor, tunnel construction projects and engineering survey. Some of the categories covered in
equipment and plants includes, mechanical equipment, heavy equipment, cable equipment,
handheld tools, specially built equipment, plants, surveying equipment and so on.
As a result of ICT, software application development in civil engineering has become
a new innovation in construction industry. Mobile Apps are penetrating every industry and
their applications in civil engineering are becoming profound, through this outcome, the
development of this mobile App to automate equipment and plants selection, recommendation
and as well as an ICT tool in civil engineering education is consider. Through engineering

fundamentals, equipment specifications can be a relevant source of information to calculating
performance, output, and operating cost of construction equipment. The mobile App can help
in finding owning and hiring cost of equipment and plants through the automation process.
With this numerous information presented by the App, comparisons can be made in acquiring,
inquiring, selecting, hiring, and planning of equipment and plants which leads to better
selection process though good experience is needed on the part of the user. The mobile App
installed on a smartphone is very useful and handy to use, it makes off site planning easier and
faster. It assists in determining the most likely combination of equipment and plants to produce
optimum results for a specific project. This will provide construction management with some
understanding or estimate of equipment and plants efficiency of operation and their areas most
likely to be productive or profitable. With the aid of information resources provided by the
App, equipment and plants efficiency can be estimated.
There is a large volume of computations, records, and performance information to be
continually examined if a dynamic equipment policy and maximum efficiency is to be obtained
(Harris,1991). This is a formidable task for a busy engineer. However, developing a mobile
app using high speed technology such as the smartphones, the task can be reduced and provide
construction management with a continuous monitor or appraisal. The mobile App proves to
be a valuable reference guide for equipment and plant selection.
This mobile app is designed to assist users in planning plant and equipment for civil
engineering projects. Whether you are constructing tunnels, roads, buildings, canals, docks and
harbors, railways, bridges, dams, the mobile App recommends numerous equipment and plants,
their uses, specifications, images and so on are available for assessing to create a more
productive planning.
The effective selection of construction equipment and plants for use on any construction
project relies on the proper analysis of three principal considerations:
1) Technical efficiency, that is, the requirement that the specific construction task can be
completed to the correct specification within the project schedule, by using the correct
machineries. Invariably, this identifies the equipment and plants with the ability to
perform the construction task.
2) Commercial and financial viability, that is, the cost of the equipment falls within the
estimates for the specific project. In addition, where purchase of equipment is involved,

the selection must meet the overall financial criteria required by the construction
company.
3) Availability, that is, equipment can be supplied from a number of sources. For example,
existing internal holdings (owned), the hire market or by additional purchase.
Within Nigeria, the last two decades has seen the continued development of a
sophisticated and efficient construction equipment and plant dealers such as Mantrac Nigeria
Ltd, Bertola Machine-Tool Ltd and so on, giving contractors the option of hiring-in their plant
requirements, as an alternative to buying and providing their own machineries. This
development has now reached the stage where it is estimated that 50% of all contractors'
requirements are met by the plant hire company for hugest civil engineering projects such as
dam construction, road construction and so on. Therefore, the commercial analysis element of
equipment and plants selection as explained in commercial and financial viability above
considers the relative cost of owning or hiring in any particular situation and most contractors
will use a mixture of internal holdings such as capital and external resources such as bank loans
and insurance.
Geographical characteristics can impart a socio-economic effect on sales portfolio. For
instance, the backhoe loader has proved popular among commonwealth countries but less so
in China, although economic power shift from the Group of Eight (G8, comprising government
leaders from Canada, France, Germany, Italy, Japan, Russian Federation, United Kingdom and
United States) and emergence of the BRIC (the generally accepted acronym representing
economies of Brazil, Russia, India and China) is changing the global sales landscape. (Haycraft
2011). However, staff responsible for selecting and procuring plant for overseas work, should
be aware of the plant hire alternative, albeit that local resources may be limited. There is no
doubt that a hire market will develop gradually in Nigeria. Within any construction group, the
main financial assets consist of plant and equipment. Therefore, site staff should be aware that
the correct selection of these items not only affects the profitability of their own contract but is
also fundamental to the longer-term success of the company. Consequently, the above selection
considerations should be analyzed by the appropriate level of management, as there may well
be a need to resolve a conflict between what is technically desired and what is financially
viable. Although any engineer on a particular project is concerned mainly about the equipment
fulfilling the technical requirements, the plant manager and/or the construction manager need
to reconcile the technical/commercial factors so that the best commercial decision is taken in
the overall interests of the company. On many occasions this will involve compromise.

4.2

Stringent Information on the Mobile App

CivilApp provides information in the following five critical areas listed below:
1. Technical specifications
2. Creative and critical descriptions of equipment and plants
3. Communication and collaboration links with equipment and plant manufactures or
dealers
4. Appropriate and accessible digital images of equipment and plants for the purpose of
visual identification in recommending and learning objectives
5. Information resources on the areas of civil engineering projects.
1. Technical Specifications
The equipment and plants selection are an important aspect for the overall construction
planning for any project, therefore, technical skills must be fully utilized throughout the
selection. The crux of equipment selection lies in finding the right equipment or plant for a
given job. It means ensuring that the given piece of equipment is configured in a manner that
allows it to maximize its production potential as well as minimize downtime. As such, there
are several basic considerations for selecting the right piece of equipment for any given task.
During the construction phase, selection of right equipment has always been a key factor in the
success of any construction project, this decision is typically made by matching equipment
specifications with tasks such matching outcomes for equipment productivity and overall cost.
In this context, appropriate construction equipment selection is evaluated through this
approach.
Starting from the notion that construction equipment should be selected by its
performance on site, the first stage in this project work was to choose the right method for
acquiring this performance. For each of the different categories of equipment and plants, a
specification table was adopted. The specification tables which can be used to determine
productivity or performance of equipment and plants were obtained from the established
dealers or manufacturer’s catalogue and from internet search. Notwithstanding, there are
several factors that can affect or influence the performance of construction equipment and that
can be gathered in the following groups; routine delays, restrictions to optimal mechanic
operation, site conditions, direction and supervision.

2. Creative and Critical Descriptions
The information rendered here is majorly about the uses (functions), environmental
impacts, area of applications (best suitability), and strength or weakness of individual
equipment or plants giving it a creative outlook. It is critical in sense that their (equipment or
plants) usability for a task under a specific project is described thereby giving the construction
equipment and plants a wholesome definition and leverage for selection and consideration.
This also justifies the recommendation objectives.
The descriptive terminology used for identification and evaluation of environmental
impacts for each construction equipment and plants were stated using the following terms
accordingly; controlled and uncontrolled emissions, controlled and uncontrolled leaks, residue
generation, utilization and contamination of the ground, water, fuel, energy consumption,
visual impact, noise and vibrations.
The type of equipment selected usually depends upon the characteristics of material to
be handled. Whether to use wheeled equipment or track equipment; whether to use dragline
excavator or power shovel, are some of the typical questions that are to be answered by the
planner of construction equipment.
3.

Communication and Collaboration Links

This is the addition of accessible manufacturer’s or dealer’s website links to stimulate
the ordering, hiring, buying, and inquiring of construction equipment and plants to the
information provided at an automated level. The peer-to-peer links, which are designed to
connect equipment and plants dealers with users in one click gesture seeks to largely automate
a seemingly small task that often amounts to a big headache for a lot of contractors. The need
to know the status of an equipment may take several days, the knowledge of websites that offer
such information may be difficult to acquire but with this mobile application, all these needs
are met on this singular platform. The availability and location of equipment for hiring can be
known at a glance through the mobile application on your handheld smartphone, the dealers or
manufactures name, the model of each equipment or plants for easy identification can be
known. This of course speed up the productivity in planning construction equipment and plants
to be used for construction and communication in construction industry. Collaboration links
provides access to the fleet or inventory of construction equipment owned by dealers.

The rental cost for any of the equipment can be obtained either by established methods
or by doing an online market search on the price for renting that particular equipment for a
specific period of time, the mobile App is a good platform for doing this faster.
4.

Visual Identification

The images of individual plants and equipment are displayed to have a visual
perspective on them. It is also a means of identifying equipment and plants for both the
purposes of learning in the educational sector and recommending in the industrial sector. The
digital images proof to be the essence of clarity for equipment that have similar resemblance
or labels, it is also accessible to users for value added to the mobile app. The digital images of
construction equipment and plants are clear enough for visual and physical identifications.
5.

Information Resources

The role of this mobile software application is basically to provide the important link
between civil engineering communities and equipment and plant dealers, especially for
equipment and plants uses and specifications in support of equipment selection.
The areas of civil engineering considered in this project has information related to their
constructability, this can be viewed on the interface of the App, this information may be useful
for anyone making inquiry on a particular project. This may also be used as a knowledge-base
for students in understanding different specializations of civil engineering. At the same time,
the equipment and plant information serve as a resource center for anyone making enquiries.
The mobile App facilitates high level, fact-based decision-making regarding equipment
logistics and has higher levels of usability and flexibility than the traditional way of equipment
selection. Equipment managers in charge of a large fleet need both timely information and tools
to make strategic decisions pertaining to resource allocation to equipment and plant
involvement in construction project. The project managers are solely responsible for this task,
they rely on a software application to automate the process of making equipment and plant
selection. However, this mobile application does not determine equipment and plants for any
project since all construction projects are unique, it only recommends. It is in the jurisdiction
of the contractors or project manager to determine them.

4.2.1 The App as a Construction Planning Tool
One of the task involved in the development of a civil engineering projects is major
equipment and plant procurement. With the possession of this mobile app one would be able

to carry out this afore mentioned task in a shorter space of time compared to the conventional
way of machinery procurement. By eliminating the use of paper, construction companies can
save hundreds of hours spent on data entry, collating information for reporting, and looking for
paperwork that has been lost or filed away. Construction companies that use a database-driven
mobile solution can maximize their time spent on equipment and plants planning. Real time
information about equipment, plant, and machineries and their various dealers, hire company
helps improve equipment procurement, decision making, and planning. Access to timesensitive information allows construction planners to stay informed or current and improve
productivity. Aside from recommending equipment and plants, information such as equipment
availability for hire or sale, its location, dealer’s website, specification and lot more are also
accessible through the app. These information renders decision-making faster.
4.2.2

The App as an ICT Tool for Learning

Fig 4.1: Types of ICT Tools
ICT is Information and Communication Technology. ICT in education means teaching
and learning with ICT. Educational ICT tools can be divided into 3 categories: input source,
output source and others (as shown in Plate 4.1 above). Using mobile application as a teaching
aid booster learning. Worldwide research has shown that ICT can lead to improve student
learning and better teaching methods. CivilApp exposes students to a wide range of equipment
and plants used in five separate areas of civil engineering projects that will greatly help them
succeed in the future.
The range of students that can be taught with this App are pupils in Universal Basic
Education, the students in secondary schools (as a suggestion, under the subject of introductory
technology), and students in the tertiary institutions especially in civil engineering, project

management, and computer science departments. Therefore, the usability of the mobile app
cuts across all levels of the educational system.
Information and Communication Technology (ICT) in civil engineering education
using mobile app as an ICT tool for presentation and learning. ICT tools like application
software, or digital images which are inculcated in this project can be interfaced to smartphones
that teach about plants and equipment used on the construction field, in absence of projectors
and thus saves time and resources which otherwise may require visitation to site. As a field that
has several specializations such as geotechnical, transportation, structural, water and so on,
broader scope will be needed to teach and learn.
4.2.3

The App as an Innovative Technology

Construction innovative technologies are becoming an increasingly important factor for
the growth of many large construction firms. It has become essential that new construction
technologies be identified. The project work demonstrate how mobile technology is used in
automating the selection and evaluation processes of equipment and plants. It emphasizes that
global technology information gathering has increased the productivity of construction firms
in Nigeria, as the analysis drawn from the questionnaire survey, 80% respondents agrees that
mobile technology improves their company’s productivity. Following this, respondents in their
comments agrees that the three major factors contributes to the development of construction
innovative technologies. These factors are;
Strategic Alliance: - The crucial link between innovation and business strategy in a large
construction firm in Nigeria was found to be the long-range technology forecasting that
integrates action of today with the vision of tomorrow.
Effective Information Gathering Capability: - This improves organization productivity. Never
again will one have to shuffle through your file drawers searching for a document. With mobile
technology, all documents are not only easy to create, but also kept in one place where they are
easily searchable in a matter of seconds. This will save you the hassle of having to re-do
documents or face problems due to incomplete documentation.
Technology Integration: - Mobile applications can easily be integrated with many systems that
companies already use for payroll, accounting, supply chain management, etc. Mobile
technology has provided clear benefits that paper or desktop solutions cannot offer.

4.3

Publishing the App to Google Play

Quality
assurance

Programming

Design

Testing

Project
Administration

Fig 4.2: Processes Involved in Publishing the App
Getting Started with Publishing. Start publishing on Google Play by:
1) Registering for a Google Play publisher account
2) Setting up a Google payments merchant account, if you will sell apps or products.
3) Exploring the Google Play Developer Console and publishing tools.
Registering for a Publisher Account
•
•
•

•
•
•

Visit the Google Play Developer Console.
Enter basic information about your developer identity — name, email address, and so
on. You can modify this information later.
Read and accept the Developer Distribution Agreement for your country or region.
Note that apps and store listings that you publish on Google Play must comply with the
Developer Program Policies and US export law.
Pay a $25 USD registration fee Using Google payments account, you can quickly
set one up during the process.
When your registration is verified, you'll be notified on the email address you entered
during registration.
When your registration is verified, you can sign in to your Developer Console, which
is the home for your app publishing operations and tools on Google Play.

Developer Console
•

•

The Google Play Developer Console is your home for publishing and managing apps.
One can manage all phases of publishing on Google Play through the Developer
Console. Using any web browser, one can upload apps, build product pages, set prices,
configure distribution, and publish apps.
After one have registered and received verification by email, one can sign in to Google
Play Developer Console and Upload the app.

PUBLISH

Requirement

Uploading the app
• After one have signed up for a Google Play Developer account, one can upload apps
to Google.
Getting Users
• After publishing the app, now how do one acquire users? Every app is unique, but
there are some common themes from successful Google Play developers that were
adopted.
• Create a Great Listing: A listing page was made, compelling and integrated into the
marketing campaigns.
• Promote Your App with Ads: The app was promoted with AdWords to find new
users at the right moment.
• Opportunities & Programs: The app was distributed to consumers, students, and
contractors, project managers, practicing engineers through Google Play. Other
advantageous means were taken. Also, a Facebook account (CivilApp FUTA) was
opened to further boost its opportunities and awareness.
4.3.1

Who are the Users?

To create a truly usable mobile application, the understanding and identification of the
user’s level of knowledge and experience, the characteristics of the user’s needs, tasks, and
jobs were reviewed. The end-users or beneficiaries of this mobile App are students and teachers
of civil engineering, construction planners, contractors, engineers, statutory authorities,
administrators, builders, surveyors and anyone willing to learn about construction plants and
machineries.
4.4

Further Development
It was mandatory to review the aim and objectives at every session of the application

development cycle. It is crucial at this point to state that the development effort to reach the
goal is firmly established, reasonable, and settled. In the future, the app is going to be developed
further to be as easy to use as possible such that non-civil engineering personnel can assess.
Some of the changes which can be expected in the near future are:
•

Implementing all the features of the offline mode, such as making it possible to use the
complete functionality of the application in the absence of an internet connection,
including loading the worksite map or the background.

•

The UI of the application is evolving and suggestions from the users are implemented.
This will continue in the future until a suitable UI is found.

To conclude, we are hopeful that this work and the results obtained will encourage more
research in this area.
4.5

Using the App for A Case Study
Using the app for a case study to show the processes involved in the usability and

functionality. As earlier mentioned that this mobile application does not determine equipment
and plants for any project since all construction projects are unique, it only recommends. It is
in the jurisdiction of the contractors or project manager to determine them.
According to the mobile application standard, various dam construction equipment and
plants are recommended but the stringent information provided by the app will be a guide for
selecting them. In carrying out the case study, data where obtained from surveys of scholarly
articles, books and other sources (e.g. dissertations, conference proceedings) relevant to this
particular issue or area of research, providing a description, summary, and critical evaluation
of dam construction. Eventually two dam construction projects were chosen for this case study
from two different journal articles as reference materials. The outline below is deduced for the
case study;
1. Construction of the proposed Owena multi-purpose dam project. (Ijasan, 1999)
2. The equipment used to accomplish the construction of Tarbela Dam.
• Construction of the proposed Owena multi-purpose dam project.
Owena Multipurpose Dam is situated on the Owena River, 38km North-West of Akure
Town. The axis lies on latitude 7" 21 North and Longitude 5° East of Greenwich. Estimated
quantities of the various work items in the Bill of Quantities (B.O.Q) of the contract
documents are taken as the actual quantities that have to be constructed. Some of the relevant
data for the equipment and plants selection that were considered by the construction planners;
The relevant data can be accessed in the Appendix C
The equipment required for earth dam construction are therefore mainly excavation and earth
moving plants. The following were used for the Owena Multipurpose Dam
▪

Bulldozers

▪

Power shovels

▪

Motor Graders

▪

Scrapers

▪

Tipper Lorries

▪

Compacting Equipment

▪

Wheel Loader

▪

Water tanker

▪

Air Compressor

▪

Concrete Mixer

▪

Motor Saw

2. The equipment used to accomplish the construction of Tarbela Dam.
Tarbela Dam is located in Pakistan and is the world's largest fill-type dam. The Tarbela Dam
is the largest earth and rockfill dam of the world. It was constructed as part of the Indus
Basin Settlement Plan. The primary function of the Tarbela project was to regulate the Indus
River flows for the benefit of irrigation. A secondary function is the generation of electric
power. Construction on the primary elements of the project was started in 1968 and initial
operations of the dam started in 1978. The project was fully completed in 1984, at a cost of
$1.49billion.
The equipment required for Tarbela Dam construction are therefore mainly excavation and
earth moving plants. The following were used for the Owena Multipurpose Dam.
▪

Power shovel

▪

Back hoe

▪

Drag line

▪

Clam shell

▪

Scrapers

▪

Bull dozer

▪

Stationary or derrick cranes

▪

Mobile cranes

▪

Overhead or gantry cranes

▪

Traveler cranes

▪

Tower cranes

▪

Dump trucks

The plants and machineries that is displayed in the mobile application are listed below
Table 4.3: Equipment and Plants Recommended on the App
S. No.
1
2
3

Description
Hydraulic excavator
Crawler/wagon drill
Jack hammer

4
Front end loader
5
Rod Cutter
6
Rear end dumper
7
Crawler dozer
8
Vibratory compactor (pad foot)
9
Vibratory compactor (smooth drum)
10
Concrete Transit Mixer
11
Air Compressor
12
Bulldozer with Hydraulic Scraper
13
Bulldozer with Blade and Ripper
14
Rigid Dump Truck
15
Concrete Boom Truck
16
Concrete Batching Plant
11
Rough Terrain Crane
18
Sheep foot Roller
19
Cutter Suction Dredger
20
Dump Truck
21
Articulated Dump Truck
22
Crawler Crane
23
Clamshell Excavator
24
Scrapers
25
Derrick Cranes
26
Power Shovel
27
Tower Cranes
28
Crawler Loader
29
All Terrain Crane
30
Hybrid Tower Light
31
Drilling & Blasting Pontoon
32
Side Dump Truck
33
Dragline Excavator
34
Telescopic Excavator
35
Traveler Cranes
36
Pickup Truck
37
Gantry Cranes
The Construction of the dam is equipment intensive and many effective plans must be taken
into consideration.
According to this two dam projects, the selected equipment and plants were required
base on the individual specifications. The mobile app comes into play by recommending the
equipment and plants for the construction planners. As seen above all the equipment and
plants used in both projects were also recommended on the app. The selection of the
machineries are left on the jurisdiction of the construction planners to determine based on the
type and criteria of the project.

CHAPTER FIVE
RECOMMENDATION AND CONCLUSION

5.1 RECOMMENDATIONS
The Ministry of Education should integrate educational ICT into the curriculum which will
serve as a significant and positive impact on student achievement, especially in areas of
knowledge, practical, and presentational skill at all level of our educational system. In line with
this, the mobile app can be recommended as follows:
1. CivilApp provides a benefit to this university by strengthening the role of FUTA as a
center for technological advancement, therefore it is recommended as an innovative
technology both in civil engineering education and construction industry.
2. CivilApp is recommended to construction equipment and plants dealers that seeks to
gain reputation through mobile technology in the competitive market.
3. CivilApp is recommended to young engineers who needs guide in equipment and plants
selection.

5.2

CONCLUSION

Information technology has been playing a bigger role than ever in various industries, and
the construction industry is not different. With growing use of IT in civil engineering projects,
stakeholders in construction industries have more tools at their disposal to help them in
different activities of the project. The only step to be taken is to actively adopt these
technologies and reap the benefits.
This paper aimed to develop and publish a mobile app that recommends the plants and
equipment required for civil engineering projects, thereby automating business processes
through mobile technology which enables analytical capabilities that allows construction
companies build deeper and more profitable electronic relationship with construction
equipment and plants dealers. Using Android OS, this project has primarily published a version
of a mobile app called CivilApp under the category of project planning and education, thus
fulfilling the indicated aim of this project.
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APPENDIX A
LIST OF ABBREVIATIONS
Acronyms

Description

3G

International Mobile Telecommunications--‐2000 (IMT-2000) standards. The
third-generation standards family for Mobile Communication.

ADT

Android Development Tool. A plug-in for Eclipse Integrated Development
Environment (IDE).

API

Application Programming Interface

AVD

Android Virtual Device.

CPU

Central Processing Unit

CRM

Customer Relationship Management System

CSS

Cascading Style Sheets

DDMS

Dalvik Debug Monitor Server.

HTML

Hyper Text Markup Language

IDE

Integrated Development Environment. In this project–Eclipse

J2SE

Java Platform, Standard Edition

LBS

Location-Based Service. Often used with a handheld devices’ Global Position
System receiver

OHA

Open Handset Alliance

OS

Operating System

SD

Secure Digital. A Memory Card Used in handheld devices to increase storage.

SDK

Software Development Kit. A Software Framework to use when developing
applications.

XML

Extensible Markup Language.

SIM

Subscriber Identity Module

UID

User Identifier

GID

Group Identifier

UNIX

Universal Network Information Exchange

APK

Android Application Package

UI

User Interface

RAM

Random Access Memory

2016/2017 ACADEMIC SESSION

QUESTIONNAIRE SHEET
This questionnaire is a means of getting data for a Bachelor of Engineering (B. Eng.)
project. Please kindly answer the short questions correctly using the alphabet or
alphanumeric as guide. Thank you
1. What are your procurement procedures for construction equipment?
ANSWER HERE:
2. Do you hire hand tools or equipment? If so, how has this been cost effective. If
YES. select type as appropriate. You can select both
Options to choose from:
A. Hand Tools (e.g. grinding machine)
bulldozer)

B. Heavy Duty Equipment (e.g.

ANSWER HERE:
Cost Effectiveness
A1. High

A2. Medium

A3. Low

ANSWER HERE:
Cost Effectiveness
B1. High

B2. Medium

B3. Low

ANSWER HERE:
3. What type of civil engineering project have and/ are you engaged in? select type(s)
as appropriate. You can select as many as you have or are engaged in.
Options to choose from:
A. Building Construction. It is subdivided into;
The number in bracket represent floor(s).
A1. low rise (1-4)
A2.
medium rise (5-10)
A3. high rise (10 above)
B. Highway Construction
B1.
Roads
B2.
Railways
B3.
Bridges
C. Tunnel Construction
C1.
Underwater tunnels
C2. Rock tunnels C3. Sand tunnels
D. Canal Construction
E. Dam Construction
F. Dock and Harbor Construction
ANSWER HERE:

4. In (3) selected above, relate the project cost devoted to equipment and plants in
terms of percentage to the overall project cost?
For example, if I chose E in Question (3), then I will state the equipment and plant cost as
Ans.

E= 50%

ANSWER HERE:
5. How do you make enquiry for construction equipment and plants ready for hiring
or sales? select type as appropriate
Options to choose from:
A. Telephone Call
B. Internet
C. Mobile App
D. Visit warehouse
E. Others. state your method
ANSWER HERE:
6. What type of innovative technology management methods or procedures are
being adopted by your construction company and why?
Options to choose from:
A.
B.
C.
D.
E.
ANSWER HERE:

Telematics
Drones
GIS
Mobile Apps
Websites

7. Is Mobile Technology improving your company’s productivity?
A. Yes
B. No
ANSWER HERE:

Alitec
Bomag
Bobcat
Case
Caterpillar
Daewoo
Deere
Grove
Hitachi
Hyundai
JCB
Komatsu
Letourneau
Liebherr
Mitsubishi
Terex
Vermeer
Volvo

Manufacturers

BUILDING
HIGHWAY
WATER
TUNNEL
MEDIUM HIGH
DOCKS AND
LOW RISE
BRIDGES ROADS RAILWAYS
DAMS CANALS IN ROCK IN SAND IN WATER
RISE
RISE
HARBOURS

HEAVY EQUIPMENT MANUFACTURERS IN RELATIONS TO CIVIL ENGINEERING PROJECT
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