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ABSTRACT 

This study presents the effectiveness of scheduling techniques in the success of mechanical 

construction projects as an essential tool for project planning, implementation, evaluation and 

control. Improper project resources scheduling leads to time and cost overruns, hence leads to a 

huge variation. This work focused on scheduled and unscheduled sets of constructed silo tanks. 

The analyses were based on the combination of scheduling techniques (CPM & Gantt chart) with 

the aid of Microsoft Project for the scheduled project sets, as these techniques helped in evolving 

a planned activity resource cost. The corresponding results of the implemented scheduled 

projects were related to cost per day and their performance evaluated based on earned value 

analysis. The scheduled and unscheduled project set results were analyzed based on the test of 

the null hypothesis using F-Test for the equality of variance. Research findings shows that, the 

combination of scheduling techniques were effective in reducing variance within the scheduled 

project set, while the earned value analysis exposed the minor variance which existed, the 

variance were not sufficient to deter the project success. The F-test upturned the null hypothesis 

and upheld the alternative hypothesis which stated that variance in unscheduled project were 

greater than those in scheduled project.  

Key Words: Scheduling Techniques, Mechanical Construction, Project, Critical Path Methods, 

Microsoft Project  

______________________________________________________________________________ 

 

INTRODUCTION 

According to Project management institute (2008), Projects are unique undertakings which 

involve a degree of uncertainty. Organisations performing projects will usually separate each 

project into several project phases to provide better management, control and appropriate links to 

the ongoing operations of the performing organisation. Collectively, the project phases are 

known as the project life cycle. Each project phase is marked by completion of one or more 

scheduled deliverable. A deliverable is a tangible, verifiable work product such as a feasibility 

study, a detail design, or a working prototype. The deliverables, and hence, the phases, are parts 

of a generally sequential logic designed to ensure proper definition of the product of the project. 
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The conclusion of a project phase is generally marked by a review of both key scheduled 

deliverables and project performance in order to 

a. Determine if the project should continue into its next phase. 

b. Detect and correct errors and cost effectiveness. These phase-end reviews are often called 

phase exits, stage gates, or kill points. 

Each project phase normally includes a set of defined work products designed to establish the 

desired level of management control. The majority of these items are related to the primary phase 

deliverable, and the phase typically takes their names from these items; requirements, design, 

build text, start-up, turnover, and others as appropriate. The project life cycle serves to define the 

beginning and the end of a project. 

Project conceptualization and definition refers to the development of vision of the project and 

establishment of set goals. For this purpose, the first activity is the collection of relevant data. 

The definition of the project is the process of putting together the data in a systematic order. A 

clear definition of the project is very important for its success. Cleland, (2009) stated that, a large 

number of projects fail because they have a poor or unclear definition. Besides, projects often 

face a number of conflicts that have to be resolved. Shenhar, et al (2007) stated that, the goals of 

a project have to be clearly defined to specify what is hoped to be achieved on the completion of 

the project. The outcomes of the project, in terms of deliverables and the benefit to the 

stakeholders and end users, should be well defined. The success of the project will be judged 

based on the goals identified. The goals are usually set up by the people responsible for the 

approval of a project. The project goals are refined or focused by the project leader in 

consultation with key stakeholders. In project scheduling, all the activities of the project such as 

goals, resources to be committed, estimation of time and prioritization of various activities have 

to be forecast and budgeted. The project schedule identifies the sequence of activities including 

the starting and scheduled completion date. The project core team has to be formed before 

project planning starts. The project plan helps to guide the work from start to finish, it identifies 

the work to be done and it is also a tool for communicating with the stakeholders and members 

of the project team. 

 

Problem Statement 

Mechanical projects mainly involves the combination of various resources in the form of human, 

material and equipment to evolve a unique product which have already been envisioned and 

predetermined from an engineering design concept. The finished product is anticipated to meet 

the design specifications in terms of quality; the cost in terms of budget and the time 

specification in terms of duration for construction. When all these conditions are met, the project 

is said to be successful. 

Most construction projects encounter problems during the course of execution; this is as a result 

of improper planning. This problem is further compounded by poor schedules and lack of 

implementation of an adequate scheduling technique. When variations are high from initial plans 
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at certain points in time, the project has a higher tendency of failure than when variations are 

low. 

This study looks at applying two techniques of scheduling to enhance planning of similar unit of 

construction project earlier carried out without proper scheduling. Most projects carried out had 

earlier been traditionally managed or planned and have most often experienced huge variations 

in duration and cost of delivery at implementation. 

 

Objectives of the Study 

The scope of this study is to evaluate the effectiveness of scheduling techniques in the success of 

mechanical construction projects. Construction projects are of paramount importance to the 

country as a developing nation. Mechanical projects are either new construction projects or 

modification of existing facility to meet a particular production capacity or required standard of 

operation. As Nigerian government is clamoring for participation of local indigenous companies 

in the oil and gas industry, through its local content policy implementation, it becomes a source 

of great worry to stakeholders when projects are abandoned or not delivered on time because of 

improper planning as a result of poor scheduling carried out by the indigenous project teams. 

The objective of this study is to evaluate the impact of scheduling techniques to the success of 

mechanical construction project in respect to identifying the impact of; 

 A combination of scheduling techniques to enhancing project success. 

 Time and cost on schedule to actual work implementation progress. 

 Good schedule to project team, performing organisation and project owner. 

  

Research Questions 

In the construction industry, mechanical construction projects comprises of many activities. 

These span from procurement of materials (steel members & fittings, consumables, equipments 

and other accessories as the case may be) to execution of project (welding, fabrication, 

inspections, testing, coating and installation). 

This research work seeks to answer the following questions: 

1. What techniques are responsible for successful project scheduling? 

2. What are the tangible measurable variables of success? 

3. What are the implications of success to a project team and company at large? 

4. What are the stages of project scheduling and at what stage does success begin? 

 

Research Hypothesis  

This study seeks to test the hypothesis based on; the Null hypothesis  

1. (Ho) The variance in an unscheduled project is less than or equal to the variance in a 

scheduled project against, the alternative hypothesis 
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REVIEW OF RELATED LITERATURE 

According to Project Management Institute (2008), project management as a body of knowledge 

evolved from different fields of application including construction, engineering and defense. In 

the United States, the father of project management was Henry Gantt, also called the father of 

planning and control techniques. He is famous and known for the chart (Gantt chart) he 

developed as a project management tool. He was an associate of Fredrick Winslow Taylor‟s 

theories of scientific management and also known for his study on work and management of 

Navy ship building. The 1950s marked the beginning of the modern project management era. 

Again, in the United States, prior to the 1950s, projects were managed on an adhoc basis using 

mostly Gantt charts, and informal techniques and tools. At that time, two mathematical project 

scheduling models were developed: 

(1) The “program evaluation and review technique” or PERT, developed by Booz-Allen and 

Hamilton as part of the United States Navy‟s (in conjunction with the Lockheed 

corporation) Polaris missile submarine program. 

(2) The “critical path method” (CPM) developed in a joint venture by both DuPont 

corporation and Remington Rand Corporation for managing plant maintenance projects. 

These mathematical techniques quickly spread into many private enterprises. 

At the same time, technology for project cost management, and engineering economics were 

evolving, with pioneering work by Hans Lang and others. In 1956, the American Association of 

Cost Engineers (now AACE international; the association for the advancement of cost 

engineering) was formed by early practitioners of project management. AACE has continued its 

pioneering work and in 2006 released the first ever integrated process for portfolio, program and 

project management (total cost management framework). 

 

DEFINITION OF A PROJECT 

A project is a collection of linked activities, carried out in an organized manner, with a clearly 

defined start and end point. The objective of a project is to achieve specific results in order to 

satisfy the strategic needs of the organisation. According to Wideman (1986), project has been 

viewed from several points as follows;  

„A structured process to achieve specific objectives within cost, quality and time constraints‟ 

„A unique set of co-coordinated and interrelated events to achieve something new‟ 

„A specific, finite task to be accomplished whether large or small-scale or whether long-run 

or short-run‟.  

PRINCE2 (2005) defines a project as: A management environment that is created for the purpose 

of delivering one or more business products according to a specified business case. A temporary 

organisation that is needed to produce a unique and pre-define outcome or result at a pre-

specified time using pre-determined resources. Kerzner (1984) observed that, project work is 

beyond the routine business activities of an organisation. The activities in the project have a 

precedence relationship, i.e. certain activities must be completed before a new activity can be 

started on account of administrative or technological considerations. PRINCE2 additionally 
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supposes that those responsible for the project may not have experience of working together to 

produce a similar set of outcomes or results for the same customer in the past.  

The project life cycle definition will determine which transitional actions at the end of the project 

are included and which are not. In this manner, the project life cycle definition can be used to 

link the project to the ongoing operations of the performing organisation. 

According to Gaddie, (2003), project life cycles generally define: 

 What technical work should be done in each phase 

 Who should be involved in each phase 

Fong, (2003) stated that, project life cycle descriptions may be very general or very detailed. 

Highly detailed descriptions may have numerous forms, charts, and checklists to provide 

structure and consistency. Such detailed approaches are often called project management 

methodologies. 

According to Dietrich and Lehtonen (2005), most project life cycle description share a number of 

common characteristics: 

 Cost and staffing levels are low at the start, higher towards the end and drops rapidly as 

the project draws to a conclusion. 

 The probability of successfully completing the project is low, and hence risk and 

uncertainty are higher at the start of the project. The probability of successful 

completion generally gets progressively higher as the project continues. 

 The ability of the stakeholders to influence the final characteristics of the project or 

product and the final cost of the project is higher at the start and gets progressively 

lower as the project continues.  

A major contributor to this phenomenon is that the cost of changes and the error correction 

generally increases as the project continues. 

 

PROJECT SCHEDULING TECHNIQUES 

Scheduling refers to the process of laying out all the activities of the project in the time order in 

which they are to be performed, keeping in view of the logical sequence of the activities. The 

main objective of scheduling is to produce time tables for individual activities following the 

plan. 

Mueller (1986) stated that, scheduling; 

 Determines how company resources should be integrated. 

 Is important for projecting time- phased resource utilization. 

 Provides a yard stick for visually tracking performance. 

 Serves as a master plan for information. 

According to Akpan and Chizea (2005), project scheduling techniques may be classified into; 

(a) The bar/Gantt chart. 

(b) The network scheduling techniques consisting customarily of: 

(i) Critical path method (CPM). 

(ii) Program (project) evaluation and review technique (PERT). 
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(c) Line of balance. 

 

(a) The Bar Chart: 

The bar chart has been the traditional management tool for planning and scheduling functions. 

Many form of it exist, the Gantt chart is about the most popular (Clough, 1972). Many of them 

with their formats have the ability to simultaneously show both the planned and actual project 

progress. This singular characteristic makes the bar chart an efficient tool for project reporting. 

The chart is a simple graphic tool that relates the planned progress to a time schedule. The 

convention is to enumerate along the ordinate, the conventional Y-axis, the project activities in 

order of first activity at the top and last activity at the bottom, with the time scale along the 

abscissa (on top or below); the X-axis. Each scheduled activity is represented by a bar that 

extends from its planned start date to its anticipated finish date. 

Akpan, and Chizea (2005) further stated that, the chart has been found to be reasonably effective 

when applied to uncomplicated tasks, especially those involving a limited number of activity 

dependencies. It‟s uncomplicated format and visual clarity gives it the additional characteristic of 

being a reliable medium for displaying such project information as planned equipment, material 

and crew schedule. In spite of these characteristics, the chart has a number of disadvantages, 

which among others include, its inability to; 

 Easily display the relationships and nature of interdependencies between project 

activities. 

 Easily display, effectively identify, and isolate those activities, generally referred to as 

critical activities, that uniquely control and influence a project‟s duration. 

 Effectively qualify the effect of delay or change of scope on an activity or claim of 

activities on the entire project 

 Effectively handle the complexities inherent in most projects. 

These deficiencies no doubt provided the impetus for increased effort in the search for more 

efficient and scheduling tools. This culminated in the development of the network scheduling 

techniques in the late 1950s. 

 

(b) Network Scheduling Technique: 

Akpan and Chizea, (2005) wrote that, Network scheduling technique and its associated 

terminology, programme evaluation and review technique (PERT), critical path method 

technique (CPM), least cost estimating and scheduling (LESS) and graphical evaluation and 

review technique (GERT) had received a considerable attention since it was first conceived. The 

terms have become more or less synonymous to project management. All the three components 

embodied in project management scenarios - Planning, Scheduling and Control manifest 

themselves in network scheduling; planning deals with time estimation and precedence (logical 

or technological) relationship that exist among the different activities (job elements) making up 

the project. This precedence relationship (sequence) can further be displayed in the form of an 

arrow diagram or directed graph and this has added valuable impetus to the technique resulting 
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in more superior presentation, Akpan, and Chizea (2005). The basis of network technique is 

scheduling (hence its association with this technique) and this has been defined by O‟Brien 

(1999), as a list of times certain things are to happen; a time table, a time plan for a project or 

simply a list of details. This is further collaborated by Chizea (1991) who defined scheduling as a 

time phased plan. The main objective of scheduling is to produce time tables for individual 

activities following the plan. Network technique, apart from providing this kind of information in 

the form of earliest start and latest start times, also provides information for the purpose of 

project control. 

According to Maylor, (2005), Programme evaluation and review technique (PERT), was 

developed for use in the Polaris Project in the USA in 1958. Due to the claimed success of the 

technique in this case, it was for a long time held up as the model that everyone should work 

with in planning projects. The scheduling technique is intended to deal with the likelihood that 

the single value given as the estimated time for completion of activities is going to have a degree 

of error associated with it. Instead of taking a single time, three time estimates for each activity 

are required: 

 Optimistic time (o) – how long the activity would take if the conditions were ideal; 

 Most probable time (m) – time if conditions were „normal‟; 

 Pessimistic time (p) – how long the activity would take if a significant proportion of the 

things that could go wrong did go wrong. 

Hence, estimated time (t) is expressed as  

t = (o + 4m + p)/6   …………….…… 2.2.1 

 

(c) Line of Balance: 

According to Akpan, and Chizea (2005), they stated that line of balance technique was originally 

developed for good year tyres and rubber company. It was attributed to members of a group 

headed by Fouch in 1941 with the objective of monitoring actual performance against a 

production plan. 

Four phases were noted according to Akpan, and Chizea (2005) with the technique. They are;  

 The objective 

 The programme 

 The programme progress 

 The comparison of the programme progress with the objective 

The objective defines the number of units to be delivered on certain dates; the programme 

determines the limiting factor and or principal steps to be taken in order to attain the objective. 

This is sometimes displayed in the form of a process flow chart with the horizontal line 

indicating when each activity ought to take place towards the assembly and completion. 

Evaluation of progress is performed in phase three which is simply the inventory of stock status 

to bring it in line with phase two. This status is normally depicted in the form of a bar chart 

known as the progress chart, with the vertical axis representing those units aimed for on the 

objective chart. The last stage involves striking the “line of balance” by simply transferring the 
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points from the programme chart to the progress chart. This exercise can be done at any time to 

monitor progress, Akpan, and Chizea (2005). A programme which is in phase will exactly result 

in a line of balance which will intersect every bar on the program chart. Any deviation either in 

the form of being ahead of schedule or behind could easily be corrected. Attempts must, 

however, be made to find out the reasons for the deviations as they are likely to affect the cash 

flow situations among other things with some unhealthy circumstances. 

 

Relevant Models and Theories in Project Planning 

Consequent upon the fact that a project plan can only show the ultimate feasibility of achieving 

its objectives when the activities are put together in a schedule which defines when each activity 

will be carried out, it buttresses the fact that planning is the core of scheduling. In project 

planning, all the activities of project such as goals, resources to be committed, and estimation of 

time and prioritization of various activities have to be clearly stated. Areas of responsibility must 

be identified and assigned. The time schedule and resources have to be forecast and budgeted. 

The project schedule identifies the sequence of activities including the starting and scheduled 

completion date. 

The project core team has to be formed before project planning starts. The core team should have 

the required skills. The project plan helps to guide the work from start to finish. It identifies the 

work to be done and it is also a tool for communicating with the stakeholders and the members 

of the project team. 

Peurifoy, (2000) observed that, Planning is carried out in order to realize the set objectives. 

When attempting to determine the completion date for any task, it is necessary to put in sequence 

all the activities which makeup the task; hence a plan must be prepared. Jackson, (1986) stated 

that, Planning is the most time consuming as well as being the most important of the project 

management system. In construction, planning require an intimate knowledge of construction 

methods combined with an ability to visualize discrete work elements and to establish the mutual 

interdependence. Most construction projects are expensive, involving large number of job 

activities whose interrelationship is intricate and complex. When job constraints such as 

equipment availability and materials delivery time are considered, job planning becomes an 

obvious management function. An effective plan must be: 

 Explicit 

 Intelligible 

 Adaptable and flexible 

 Capable of being monitored and controlled. 

The most important responsibilities of a project manager are; planning, integrating, executing 

and controlling plans. The project manager may not actually carry out the planning, but he 

integrates and executes the plan. He has to understand the plans from different sections. Almost 

all project because of their relatively short duration and often prioritized, control of resources 

requires formal detailed planning. 
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The integration of the planning activities is necessary because each functional unit may develop 

its own planning documents with little regard for other functional units (Baker, 1974). Planning 

in a project environment may be described as establishing a predetermined cause of action with 

the forecasting environment. It is a decision making activity, since it involves choosing among 

alternatives. The four basic reasons for project planning are;  

 To eliminate or reduce alternatives to a procedure of action. 

 To improve the efficiency of the operation 

 To obtain a better understanding of the objectives 

 To provide a basis for monitoring and controlling of work 

Planning determines what need to be done by whom and when in order to fulfill one‟s assigned 

responsibilities. The following constitutes the relevant models and theory components of 

planning phase, for details consult Achaka, (2012); 

i. Objective: A goal, target or quota to be achieved. 

ii. Programme: The strategy to be followed and major actions to be taken in order to achieve 

or exceed objectives. 

iii. Schedule: A plan showing when individual or group of activities or accomplishment will 

be started and or completed. 

iv. Budget: Planned expenditure required to achieve or exceed objectives. 

v. Forecast: A projection of what will happen by a certain time. 

vi. Organisation: Design of the numbers and kind of portions along corresponding duties or 

responsibilities required to achieve or exceed objective. 

vii. Policy: A general guide for decision making and individual action. 

viii. Procedure: A detailed method for carrying out a policy. 

ix. Standard: A level of individual or group performance defined as adequate or acceptable. 

 

CONSTRUCTION PLANNING AND SCHEDULING 

The development of a construction plan and schedule is very much analogous to the development 

of a good facility design. The planner must weigh the costs and reliability of different options 

while at the same time insuring technical feasibility. Jackson (1986) observed that, Construction 

planning is more difficult in some ways since the construction schedule and process is dynamic 

as the site and the physical facility change over time as construction proceeds. On the other hand, 

construction operations tend to be fairly standard from one project to another, whereas structural 

or startup details might differ considerably from one project to another. 

Halpin (1985) observed that, forming a good construction plan and schedule is an exceptionally 

challenging problem. There are numerous possible plans available for any given project hence 

evolving different schedules. While past experience is a good guide to construction planning, 

each project is likely to have special problems or opportunities that may require considerable 

ingenuity and creativity to overcome or exploit. Unfortunately, it is quite difficult to provide 

direct guidance concerning general procedures or strategies to form good plans and schedules in 

all circumstances. There are some recommendations or issues that can be addressed to describe 
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the characteristics of good plans, but this does not necessarily tell a planner how to discover a 

good plan. However, as in the design process, strategies of decomposition in which planning is 

divided into sub-problems and hierarchical planning in which general activities are repeatably 

subdivided into more specific tasks can be readily adopted in many cases. 

Moolin and McCoy (1981) stated that, from the standpoint of construction contractors or the 

construction divisions of large firms, the planning process for construction projects consists of 

three stages that take place between the moment in which a planner starts the plan for the 

construction of a facility to the moment in which the evaluation of the final output of the 

construction process is finished. 

The estimate stage involves the development of a cost and duration estimate for the construction 

of a facility as part of the proposal of a contractor to an owner. It is the stage in which 

assumptions of resource commitment to the necessary activities to build the facility are made by 

a planner. A careful and thorough analysis of different conditions imposed by the construction 

project design and by site characteristics are taken into consideration to determine the best 

estimate. The success of a contractor depends upon this estimate, not only to obtain a job but also 

to construct the facility with the highest profit. The planner has to look for the time-cost 

combination that will allow the contractor to be successful in his commitment. The result of a 

high estimate would be to lose the job, and the result of a low estimate could be to win the job, 

but to lose money in the construction process. When changes are done, they should improve the 

estimate, taking into account not only present effects, but also future outcomes of succeeding 

activities. It is very seldom the case in which the output of the construction process exactly 

echoes the estimate offered to the owner. 

According to Halpin (1985), he stated that, in the monitoring and control stage of the 

construction process, the construction manager has to keep constant track of both activities‟ 

durations and ongoing costs. It is misleading to think that if the construction of the facility is on 

schedule or ahead of schedule, the cost will also be on the estimate or below the estimate, 

especially if several changes are made. Constant evaluation is necessary until the construction of 

the facility is complete. When work is finished in the construction process, and information 

about it is provided to the planner, the third stage of the planning process can begin. 

The evaluation stage is the one in which results of the construction process are matched against 

the estimate. A planner deals with this uncertainty during the estimate stage. Only when the 

outcome of the construction process is known is he/she able to evaluate the validity of the 

estimate. It is in this last stage of the planning process that he or she determines if the 

assumptions were correct. If they were not or if new constraints emerge, he/she should introduce 

corresponding adjustments in future planning. 

 

RELEVANCE OF CONSTRUCTION SCHEDULES 

In addition to assigning dates to project activities, project scheduling is intended to match the 

resources of equipment, materials and labor with project work tasks over time. Good scheduling 

can eliminate problems due to production bottlenecks, facilitate the timely procurement of 
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necessary materials, and otherwise insure the completion of a project as soon as possible. In 

contrast, poor scheduling can result in considerable waste as laborers and equipment wait for the 

availability of needed resources or the completion of preceding tasks. Delays in the completion 

of an entire project due to poor scheduling can also create havoc for owners who are eager to 

start using the constructed facilities. 

Attitudes toward the formal scheduling of projects are often extreme. Many owners require 

detailed construction schedules to be submitted by contractors as a means of monitoring the work 

progress. The actual work performed is commonly compared to the schedule to determine if 

construction is proceeding satisfactorily. After the completion of construction, similar 

comparisons between the planned schedule and the actual accomplishments may be performed to 

allocate the liability for project delays due to changes requested by the owner, worker strikes or 

other unforeseen circumstances. 

A basic distinction exists between resource oriented and time oriented scheduling techniques. 

For resource oriented scheduling, the focus is on using and scheduling particular resources in an 

effective fashion. For example, the project manger‟s main concern on a high-rise steel structural 

building site might be to insure that cranes are used effectively for moving materials, without 

effective scheduling in this case, delivery trucks might queue on the ground and workers wait for 

deliveries on upper decks. For time oriented scheduling, the emphasis is on determining the 

completion time of the project given the necessary precedence relationships among activities. 

Hybrid techniques for resource leveling or resource constrained scheduling in the presence of 

precedence relationships also exist. Most scheduling software is time-oriented, although virtually 

all of the programs have the capability to introduce resource constraints. 

 

REVIEW OF PREVIOUS WORK 

This study does not lay claim of being the first in this area, series of literature exist about 

scheduling and various researches are believed to have been carried out in this sphere of 

endeavour based on different scopes. This research work is based on absolute participation, 

observation and review of literatures. It was the researcher‟s intention to cover new grounds in 

an area of interest as per the application of project management principles and techniques in the 

delivery of mechanical construction projects. 

 

METHODOLOGY 

The nature of this project involved careful observation, adequate data recording and as such, 

primary data was collected in two forms namely personal observation and mini-delphi method, 

details of this can be found in Achaka, (2012). The data for this survey were evolved from the 

classification of events involved in mechanical construction projects tailored for mild steel silo 

tank construction. The survey of office schedule planning and field implementation to measure 

duration in days and cost were prepared and harmonized by a team of professionals and project 

team members for the scheduled data group. The initial baseline scheduled duration per tank 

construction from start to handover was evaluated by the project team as a 61 day‟s work 
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programme based on scheduled techniques applied using the Microsoft Project Software version 

2007. The scheduled data group was evaluated with the earned value analysis for effectiveness of 

scheduling techniques applied in scheduling the project. From the data collected for the 

unscheduled project group, the researchers‟ primary concern was to establish that the project 

duration variance in the scheduled project is less than the variance in unscheduled project. 

Hence, the researchers considered the test as a directional hypothesis for the normally distributed 

data. Using a one tailed test to the right, the researchers set to test the Null hypothesis against the 

alternative hypothesis. This was evaluated as the ration of the sample variance in the 

unscheduled project against that of the sample variance in the scheduled project. This research 

was based on participation and observation in a company that granted study of a project which 

involved the construction of a particular set of tank units over a period of time from October 

2009 to June 2010. An evaluation of their previous method of project execution from March 

2007 to May 2009 was compared with a more recent method, as they have evolved to the 

application of a project management system in recent time. Team members, Interviews, 

consultations & brainstorming with professional colleagues from within and outside the 

company were very useful. The study was developed in line with office and field participation 

from initial planning and scheduling to implementation and delivery of the project. Data of same 

project executed in the past using traditional management system were collected and compared 

with data collected for the scheduled project group in this research work. This is to evaluate the 

effectiveness of the scheduling techniques. The data for the scheduled project group were 

evaluated using the earned value analysis to evaluate the effectiveness of the scheduling 

techniques. 

Furthermore, the purpose of the field survey was to evaluate the effectiveness of scheduling 

techniques in the success of achieving the project as per initial planned schedule. This phase of 

study examined the implementation of schedules as per resource allocation plan with respect to 

time duration distribution as per various work breakdown structures. Data were collected and 

reconciled for trends and differences between the dependent and independent variables. The 

duration variance of project delivery based on scheduled activity was compared with the duration 

variance of the same type of project for the unscheduled project group. The data collected were 

carefully analyzed in order to reveal the salient information needed to support argument and 

assertions made in this research work. Data collected were tabulated and tables, charts and 

percentages were used to prove the effectiveness of scheduling technique in the success of 

mechanical construction projects while factors that contributed to this success were identified. 

Based on classification category of data collected, all data were analyzed on a specific unit of 

measurement (days) which classically defined the duration of per project task. 

Data were analyzed based on the following considerations 

a. Time duration for the execution of individual work element 

b. Skill requirement per task 

c. Equipment need per task  

d. Training and certification 



International Journal of Emerging Trends in Engineering and Development     Issue 3, Vol.1 (January 2013)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                           ISSN 2249-6149 

 Page 403 
 

e. Level of exposure and previous experience in tank construction 

f. Number of personnel and personnel mix 

g. Total available space for execution 

h. Sequence of operation 

 

ANALYSIS OF RESULTS 

In this chapter the validity of the research survey data was presented in various classification and 

the findings were discussed in the same vein.  

 

Criterion Group Returns 

Figure 1 shows the time estimates for the duration of each activity in the fabrication and 

construction of silo tanks. The duration of all the activities required from start to finish. The 

figure also shows the start and finished times of all the activities (A-V). The scheduled project 

had a planned duration of 61 days as observed from figure  and table 1. Per group project 

resource cost were evaluated based on Table 2 and their various total values exported to Table 4 

for analysis. Table 3 represents the actual cost of work performed per project group on a 

cumulated time interval of 5 days for baseline duration of 55 days. The groups, numbered one to 

ten were allocated equal resources in terms of personnel, consumables, equipments and access to 

any other facility. To be able to manage these projects, forestall aggressive competition and keep 

a track record of events within and between all the groups, the project sample group was divided 

into 3 batches. The batches were 3 and of which 4 – 3 – 3 groups were per batch, while batch 

start time interval between each was between 5 to 7 days. Corresponding work package 

evaluations for each group were recorded in Table 4.  

 

Fig. 1 Network of individual activities 
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Table 

1                                                Critical Path Table for Fabrication and Construction of a 470 Barrel Silo Tank 

     

    Activity 

Start and Finish Time 

(Days) Floats Critical  

S/No. Job Description  Code Path Duration EST EFT LST LFT TF FF Path 

1 Material Inspection, Allocation & Group Project Startup meeting A 1 - 2 3 0 3 0 3 0 0 x 

2 Marking, Cutting/Preparation of Plates for Rolling Shells, Domes & Cone B 2 - 3 2 3 5 3 5 0 0 x 

3 Movement of prepared  plates to rolling mill C 3 - 4 2 5 7 5 7 0 0 x 

4 Marking, Cutting, Fitting & Tack welding of skid base  D 4 - 5 3 7 10 8 11 1 0   

5 Marking, Cutting, Driling & Preparation of all Pad eyes E 4 - 6 3 7 10 7 10 0 0 x 

6 Full welding of Skid base  F 5 - 8 3 10 13 11 14 1 0   

7 Mark/Cut/Fitt/Welding/Prepare of skid unit of 4" air inlet Suction manifold H 5 - 7 3 10 13 11 14 1 0   

8   - 7 - 8 0 13 13 14 14 1 0   

9 Mark, Cut, Drill, Fit, Weld & Preparation of 4 unit Air filter components G 6 - 9 3 10 13 10 13 0 0 x 

10 Mark, Cut, Drill, Fit, Weld & Preparation of 1 unit of 24" air tight manhole I 9 - 10 2 13 15 13 15 0 0 x 

11 Mark, Cut & Prepare hinge pin & adjuster system with nuts & bolts J 8 - 11 3 13 16 14 17 1 0   

12 Marking, Cutting, Driling & Preparation of 6 unit of 4" clamps K 10 -12 2 15 17 15 17 0 0 x 

13   - 11 -12 0 16 16 17 17 1 1   

14 Mark, Cut, Fitting & Prefab Welding of 2 unit of 4" Inlet Charge line L 12 -13 2 17 19 17 19 0 0 x 

15 Delivery & tack weld of section of 2 dome, 1 cone & 4 cylindrical shells M 13 -14 2 19 21 19 21 0 0 x 

16 Fit/Tack/Full weld (Int. & Ext.) joints on big dome, 4 Cylidrical & cone N 14 -15 15 21 36 21 36 0 0 x 

17 Mark, Cut, Fit & Weld of 8" stanchion pipe & reinforcement to the body O 15 -17 5 36 41 36 41 0 0 x 

18 Marking, setting of skid accessories, welding & coupling onto stanchion   P 15 -16 3 36 39 38 41 2 0   

19   - 16 -17 0 39 39 41 41 2 2   

20 Fit/Weld manhole, small dome, 4" discharge line, 4" Inlet, Filter, Nipples Q 17 -18 5 41 46 41 46 0 0 x 

21 Grind, Inspect/Correct weld flaws, install padeyes & clean debris R 18 -19 3 46 49 46 49 0 0 x 

22 Non destructive testing of welded joints (MPI, DPI, Ultraflaw detection) S 19 -20 3 49 52 49 52 0 0 x 

23 Coupling accessories, pre pressure testing & final pressure testing T 20 -21 3 52 55 52 55 0 0 x 

24 Blasting, Coating (3 coat protection) & Inspection U 21 -22 4 55 59 55 59 0 0 x 

25 Load testing of Slings/Shackle, Calibration of Tank & Handover V 22 -23 2 59 61 59 61 0 0 x 

            

 

The Planned project duration is 61 days and the number of Nodes is 23. 

          

 

The table is based on activity - on - arc representation 
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Table 2 

 

Planned Project Activity Resource Cost (Day Rates in Naira) for the Fabrication & Construction of a 470 Barrel Silo Tank 

Activity Project activity Personnel requirement distribution  

Cost 

per Activity Total 

Code Engr. Fitter Fitter Welder Welder Mate Mate Inspector Tech  Tech Blaster Painter 

Period 

(N) Duration Cost (N) 

A 6,000 2,500 2,500 3,000 3,000 1,500 1,500           20,000 3 60,000 

B 6,000 2,500 2,500 3,000 3,000 1,500 1,500           20,000 2 40,000 

C 6,000 2,500 2,500     1,500 1,500           14,000 2 28,000 

D 6,000 2,500   3,000 3,000 1,500             16,000 3 48,000 

E     2,500       1,500           4,000 3 12,000 

F 6,000     3,000     1,500           10,500 3 31,500 

G   2,500 2,500                   5,000 3 15,000 

H         3,000 1,500             4,500 3 13,500 

I       3,000     1,500           4,500 2 9,000 

J 6,000 2,500       1,500             10,000 3 30,000 

K     2,500   3,000               5,500 2 11,000 

L 6,000 2,500   3,000   1,500             13,000 2 26,000 

M 6,000 2,500 2,500 3,000 3,000 1,500 1,500           20,000 2 40,000 

N 6,000 2,500 2,500 3,000 3,000 1,500 1,500           20,000 15 300,000 

O 6,000 2,500   3,000   1,500             13,000 5 65,000 

P   2,500     3,000   1,500           7,000 3 21,000 

Q 6,000 2,500 2,500 3,000 3,000 1,500 1,500           20,000 5 100,000 

R 6,000     3,000 3,000 1,500 1,500           15,000 3 45,000 

S 6,000             4,500 3,000 3,000     16,500 3 49,500 

T 6,000             4,500 3,000 3,000     16,500 3 49,500 

U 6,000         1,500 1,500 4,500     3,000 2,500 19,000 4 76,000 

V 6,000         1,500 1,500 4,500         13,500 2 27,000 

        Total cost of labour with respect to Critical Path duration of  61 days     1,097,000 

  

       

  

  

  

  

  

 

  

            

Cost of using Facility 

& Equipments 

throughout the 

project duration at N 

50,000 per day  

  

  

  

50,000 61 3,050,000 

            

Project overall budget 

planned expenditure 

with respect to Critical 

Path duration of 61 

days 

  

  

  

Total   4,147,000 

 

 

… 

NB: $1=N156 
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Table 3 
         

 

  
Actual cost of work performed per project group (Planned Project Sample) 

    

  Time Cumulated actual cost of work performed per project (N) 

S/No. Interval 
ACWP 

(1) 

ACWP 

(2) 
ACWP (3) 

ACWP 

(4) 
ACWP (5) ACWP (6) ACWP (7) 

ACWP 

(8) 

ACWP 

(9) 

ACWP 

(10) 

1 5 350,000 350,000 355,000 350,000 350,000 355,000 350,000 350,000 350,000 355,000 

2 10 676,000 670,000 680,000 675,000 680,000 680,000 666,000 670,000 680,000 680,000 

3 15 969,500 960,000 980,000 969,500 960,000 985,000 940,000 950,000 985,000 990,000 

4 20 1,248,000 1,300,000 1,402,000 1,250,000 1,250,000 1,405,000 1,200,000 1,205,000 1,403,000 1,440,000 

5 25 1,537,000 1,465,000 1,643,000 1,535,000 1,538,000 1,650,000 1,500,000 1,490,000 1,650,000 1,690,000 

6 30 1,864,000 1,780,000 1,900,000 1,860,000 1,865,000 1,905,000 1,780,000 1,790,000 1,905,000 1,910,000 

7 35 2,214,000 2,150,000 2,315,000 2,215,000 2,218,000 2,340,000 2,200,000 2,105,000 2,320,000 2,340,000 

8 40 2,564,000 2,488,000 2,650,000 2,560,000 2,565,000 2,750,000 2,500,000 2,480,000 2,655,000 2,652,000 

9 45 2,914,000 2,899,000 3,000,000 2,915,000 2,915,000 3,005,000 2,900,000 2,895,000 3,001,000 2,999,000 

10 50 3,250,000 3,210,000 3,350,000 3,255,000 3,260,000 3,380,000 3,240,000 3,245,000 3,355,000 3,340,000 

11 55 3,645,000 3,550,000 3,765,000 3,648,000 3,650,000 3,800,000 3,590,000 3,605,000 3,770,000 3,780,000 

Project 

individual 
  

Overall duration 59 57 62 59 59 63 58 58 62 62 

 

Table 4 
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Scheduled Mechanical Construction Project 

Construction Sequence for a 470 barrel capacity Silo Tank 

Material Allocation, Preparation, Fabrication and Construction activities (MAFC) 

“49 days” 

1. Material Inspection, Allocation & Project group Startup meeting. (3 days) 

2. Marking, Cutting & Preparation of Plates for Rolling Shells, Domes and Cone. 

(2 days) 

3. Movement of prepared plates to rolling mill. (2 days) 

4. Marking, Cutting, Fitting & Tack welding of skid base. (3 days) 

5. Full welding of Skid base. (3 days) 

6. Marking, Cutting, Fitting, Welding & Preparation of skid unit of 4" air inlet 

suction manifold. (3 days) 

7. Marking, Cutting & Preparation of hinge pin & adjuster system with nuts & 

bolts. (3 days) 

8. Marking, Cutting, Drilling & Preparation of all Pad-eyes. (3 days) 

9. Marking, Cutting, Drilling, Fitting, Welding & Preparation of 4 unit Air filter 

components. (3 days) 

10. Marking, Cutting, Drilling, Fitting, Welding & Preparation of 1 unit of 24" air 

tight manhole. (2 days) 

11. Marking, Cutting, Drilling & Preparation of 6 unit of 4" clamps. (2 days) 

12. Marking, Cutting, Fitting & Prefab Welding of 2 unit of 4" Inlet Charge line. (2 

days) 

13. Delivery and tack welding of sections of 2 dome ends, 1 cone and 4 cylindrical 

shells. (2 days) 

14. Fitting, Tacking, Full welding (Internal & External) joints on big end dome, 4 

Cylindrical & cone section. (15 days) 

15. Marking, Cutting, Fitting & Welding of 8" stanchion pipes, doublers & 

reinforcement to the body. (5 days) 

16. Marking, setting of skid accessories, welding & coupling onto stanchion. (3 

days) 

17. Fitting & welding of manhole, small end dome and 4" discharge line, 4" 

prefabed inlet, filters & nipples. (5 days) 

18. Grinding, Inspection/correction of welding flaws, installation of pad-eyes & 

cleaning of debris. (3 days) 

Non Destructive Testing of Welded Joints (NDT) “3 days” 

19. Non destructive test of welded joints (MPI, DPI, Ultra detection) (3 day) 
 

Pressure Testing (PT) “3 days” 

20. Coupling accessories, pre pressure testing & pressure testing. (3 days) 
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Blasting and Coating (BC) “4 days” 

21. Blasting, Coating (3 coat protection) & Inspection. (4 days) 
 

Inspections, Calibration and Handover (ICH) “2 days” 

22. Load testing Sling, Shackle, Calibration of Tank and Handover. (2 days) 

Analysis of Data 

Scheduled Project Group  

Primary data were basically collected and presented in Tables. The scheduled project data 

provided the baseline for this research analysis. The earned value analysis based on an 

integrated time cost model was applied to evaluate the results presented in Table 4, with 

respect to; 

1. Cost performance index (CPI) 

2. Schedule performance index (SPI) 

3. Cost variance (CV) 

4. Schedule variance (SV) 

The corresponding results showed an impressive indication that project durations had a 

tangible contribution to increasing or decreasing variation from an initial target. Both the 

cost performance index and schedule performance index were evaluated as a ratio. The 

cost and schedule variance gave their results as cost functions in Naira. 

The cost performance index and cost variance together gave a clear result of project sets 

that met initial plan of duration and cost. The schedule performance index indicated that 

project performed well as per schedule and schedule variance indicated that the variations 

were very small throughout the scheduled sample group. The overall performance of the 

scheduled project was good. 

 

Unscheduled Project Group 

Data for ten similar unscheduled projects were generated from the past records, between 

March 2007 and May 2009. Records available only stated the time of start and that of 

delivery. Projects were not initially scheduled and the company did not adopt any project 

management technique or structured sequence of task execution. 

From previous project records of the company under study, unscheduled construction 

projects were managed by traditional management method. The tank constructions were 

envisioned to last for a total duration of 72 days per tank of 470 barrel capacity. No 

formal schedule was put in place as a standard yardstick for guidance on implementation 

and evaluation. Project execution team members solely relied on the technical manager 

for daily work directives. 

Groups allotted tanks for construction were monitored and no keen record of per day 

activities were noted as there were no basis for evaluation and harmonization until project 

was eventually delivered. Groups were allocated equal resources just as the scheduled 

projects, in terms of personnel, consumables, equipments and access to any other facility. 

Each group starts at the instruction of the technical manager who gave instructions at will 
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base on his own initiative and instinct. Project durations were the only data available for 

this group. Data generated for unscheduled project were used in conjunction with data 

generated for scheduled project for the analysis of variance between both groups. 

Unscheduled and Scheduled project group 

From research data; 

Table 5. 

Sample No. 

 

S1 (Unscheduled) project  S2 (Scheduled) project 

1 85 59 

2 78 57 

3 85 62 

4 78 59 

5 85 59 

6 85 63 

7 90 58 

8 85 58 

9 90 62 

10 92 62 

 

The analysis of data from a computer based program “Statistical package for social 

sciences” gave results as follows. 

 

Table 6 a.   Statistics 

 S1 S2 

N     Valid 

        Missing 

        Mean 

        Mode 

        Std. Dev. 

        Variance 

        Range 

10 

0 

85.3000 

85.00 

4.66786 

21.789 

14.00 

10 

0 

59.9000 

59.00a 

2.13177 

4.544 

6.00 

a. multiple modes exist. The smallest value is shown 
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S1 

Table 6 b. 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 78.00 

          85.00 

          90.00 

          92.00 

          Total 

2 

5 

2 

1 

10 

20.0 

50.0 

20.0 

10.0 

100.0 

20.0 

50.0 

20.0 

10.0 

100.0 

20.0 

70.0 

90.0 

100.0 

  

S2 

Table 6 c. 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 57.00 

          58.00 

          59.00 

          62.00 

          63.00 

          Total 

1 

2 

3 

3 

1 

10 

10.0 

20.0 

20.0 

30.0 

10.0 

100.0 

10.0 

20.0 

20.0 

30.0 

10.0 

100.0 

10.0 

30.0 

60.0 

90.0 

100.0 

 

Variance in unscheduled project duration S1
2
 as 21.789, while variance in scheduled 

project duration S2
2
 is 4.544. From the Null hypothesis, H0 : S1

2
 ≤ S2

2
. By comparison of 

the result outcome of the values as per, S1
2
 = 21.789 and S2

2
 = 4.544, it‟s clear that the 

statement S1
2
 ≤ S2

2
 did not hold, hence the reverse is the case as S1

2
 > S2

2
.  

The test statistics can then be defined from;  F(n1-1), (n2-1) = S1
2
/S2

2
  

Thus, substituting in the formula at ∞ = 0.05 level of significance to test. F(0.05)
 (9,9)

 = 

21.789/4.544 = 4.8  

Constructing the decision rule using ∞ = 0.05, we have;  F(0.05)
 (9,9)

 = 3.18 from tables of F 

– distribution. Based on the value of calculated F = 4.8 which falls out of the acceptance 

region on the decision rule constructed and is greater than the value from the F – 

distribution table, i.e. F(0.05)
 (9,9)

 = 3.18. We therefore reject H0 and accept the alternative 

hypothesis HA and conclude that the variance in the Unscheduled projects (S1
2
) is greater 

than the variance in the Scheduled projects (S2
2
). 

Analysis of Data Based on Duration  

Scheduled Project Group 

It was noted that the earliest project duration delivery day was 57 days and the latest 

project delivery duration was 63 days. 

Hence; Project variable duration interval between earliest delivery and latest delivery was 

(63 – 57) days = 6 days interval. By observation based on the scheduled plan construction 

project duration baseline set by the project team as 61 days, it was noted that 6 tanks were 

delivered on the following durations: 59, 57, 59, 59, 58, 58 days, while the other 4 tanks 

were delivered on durations 62, 63, 62, 62 days. 

Hence, percentage success based on project initial scheduled baseline; 

Baseline Success % = Project before baseline/Total project number. 
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    = (6/10) x 100% 

Scheduled Success %  = 60% 

Hence, Baseline scheduled unsuccessful %  = 100% - 60% = 40% 

Thus, 60% of scheduled projects were finished before the scheduled time while 40% of 

the projects were late from the scheduled time. 

Unscheduled Project Group  

The tanks constructions were envisioned to last for a total duration of 72 days per tank of 

470 barrel capacity as no formal schedule was put in place as a standard yardstick for 

project guidance on implementation and evaluation. Project execution team members 

solely relied on the technical manager for daily work directives. The resources for the 

construction work were the same as those used for the scheduled project. 

From records available, it was discovered that none of the project was delivered before 

the envisioned duration of delivery (72 days) hence all the projects were delivered later 

than the anticipated date. Hence, this implied that all the ten tank constructions were not 

delivered until a time well over the 72 days duration baseline. Thus, percentage success 

based on envisioned initial duration baseline for unscheduled project; 

Baseline Success % = Project before baseline/Total project number 

    = (0/10) x 100% 

Unscheduled Success % = 0% 

 

Hence, Baseline unscheduled (unsuccessful %) = 100% - 0% = 100% 

Thus, 0% of unscheduled projects were finished before the envisioned time while 100% 

of the total projects were not delivered on the envisioned time. 

 

Discussion of Results 

The purpose of this research was to evaluate the effectiveness of scheduling techniques in 

the success of mechanical construction projects. Consistent with the results of previous 

research efforts of Jugder and Muller (2005) with respect to project success, this 

quantitative research also suggest that, a combination of scheduling technique was 

effective for construction project success. The research showed that the various 

scheduling techniques applied in the project scheduling provided a room for proper 

planning and analysis of the project. The cost index and cost variance played an 

important role in the analysis of the scheduled project group. It stated clearly the status of 

the project at a given time. The variance existing within the scheduled project group was 

very minimal. 

The overall scheduled project had six groups that performed excellently in terms of 

meeting cost and time requirement while four other groups overspent in the cost range of 

N67,566 to N136,566 and used more days in the range of 1 to 2 days. The percentage 

success was 60%, while 40% was unsuccessful, but had little variance that could be 

neglected. The cumulative effect of the entire scheduled group resulted to a success as the 
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sum of N755,352 was the overall balance recorded from the overall project budget (this 

means that the 60% success was able to cancel out the effect of the unsuccessful 40%) 

within the scheduled project set. Data from the previous records of the unscheduled 

project group which were planned and executed by traditional methods could not be 

evaluated by any method as earlier done with the scheduled project group. This was 

because the data were without any clear baseline for evaluation of project activities. The 

project realities could not be matched against any reference and hence nothing could be 

evaluated at the course of project implementation progress. The technical team might 

have been more interested in delivering the project at any time it was considered finished, 

without actually considering the time and cost implications. 

There existed a great variance between the scheduled project and the unscheduled project 

duration and cost. This was evidenced by the huge duration difference between the 

scheduled and unscheduled project. The result from the scheduled project indicated that, 

increase in duration had a corresponding high effect on variance as this created a 

multiplier effect on other project resources. The unscheduled project groups had no 

defined work activities matching any corresponding time, irrespective of the previous 

experiences of project team members.  

 

CONCLUSION  

From the research findings, it was discovered that a combination of scheduling 

techniques helped to evolve a synergy for quality planning of the scheduled project. Their 

corresponding outputs were used to evolve a sequence of work activities, resources and 

duration for the given project elements. This gave a blue print of work activity outline to 

the project team members and hence a yardstick for evaluation of progress, performance 

index and identification of risks. The various techniques of scheduling applied herein 

(CPM & Gantt chart) with the aid of Microsoft Project software helped to enhance the 

preparation of a time line which formed the basis for the evaluation of the project 

progress and control. The unscheduled project never had a written statement of outline to 

be followed and thus, there were no yardstick for evaluation of progress until the final 

delivery of the project.  

At the instance of the unscheduled projects from the records available, it was observed 

that the difference in duration ranges between the earliest and latest delivery was 14 days 

while the scheduled project duration ranges between the earliest and latest delivery was 6 

days. The difference in the range for the two groups is attributed to the high level of 

control and coordination in the scheduled project unlike the unscheduled project which 

didn‟t have a reference guide. It was discovered also that projects that were scheduled 

had a better opportunity/chance of meeting their envisioned planned completion time 

than their counterparts that were unscheduled which had no planned means of meeting 

their envisioned completion duration which measured between the start and finish time. 
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The management of mechanical construction projects with scheduled outline proved to be 

easier than that managed without a schedule. The techniques applied at various point in 

time during the schedule development assisted in pointing to realistic end. The PERT 

applied at the initial project, helped the project team to come up with an unbiased 

estimated time projection for the various work elements that made up the project. The 

CPM was applied in the course of giving the project a line of flow based on the longest  

duration path while the Gantt chart was applied to give the project a visual outline and 

significance for the project team to be able to spot sudden variances and bring the project 

back on track. The Gantt chart presented indicated the planned execution schedule 

duration of 61 days. The scheduled project had a very small variance while the 

unscheduled project had a high variance. 

 

RECOMMENDATION 

Based on research findings, it‟s recommended that companies should; 

1. Involve project managers in the planning and execution of projects as this will 

drastically reduce the variances, promote efficient work and save cost. 

2. Explore the advantage in the application of a combination of scheduling 

techniques to plan and schedule project activities. 

3. Review their projects on a time based interval with respect to cost, as this will 

help to identify and keep projects on track. 

4. Have a detailed work break down structure for construction projects. 

Utmost success can be achieved in any project, if a combination of the various techniques 

of scheduling can be exploited at different intervals and stages of planning as it‟s been 

seen in this project report. 
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