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                                                         ABSTRACT                                                                                  

 This MPhil upgrading report presents the methodology adopted in research. The 

research evaluated and compared the effectiveness of the choice between ALAP and 

ASAP constraints in construction scheduling using the Microsoft project planner 

software. The research identified a problem that users of the Microsoft Project software 

are not well guided in the choice of start date constraints applied in scheduling project 

tasks. It showed from literature that most practitioners who use this software apply only 

as soon as possible constraint option which may not produce the best project outcome in 

every project scenario. Using ówhat-ifôquestioning technique in a quasi-experiment 

research design two hypotheses are developed and tested using ANOVA to evaluate and 

compare the effectiveness of choice between ALAP and ASAP constraints applied to 

schedule tasks in developing the baseline construction schedules in different project 

scenarios. The Null of hypothesis 1 states that: There is no significant relationship 

between the start date constraint and activity start variance. And the Null of hypothesis 2 

states that: There is no significant relationship between the start date constraint and 

activity finish variance. Activity start variances were measured in a quasi-experiment for 

different scheduling options of ALAP and ASAP constraints and their differences tested 

using ANOVA if observed differences were due to mere chance or that they are due to 

different constraint types of ALAP and ASAP applied. Results from the case study show 

that FCAL = 81.05 and FTAB = 30.80 at 1% level of significance and FTAB = 9.55 at 5 % 

level of significance. Since FCAL is significantly large and  FCAL > FTAB at both 1 % and 5 

% levels of significance, we reject H0 and accept H1: That there is indeed a significant 

relationship between start date constraint and activity start variance at both 1 % and 5 

%  levels of significance. The probability of project completion (PR) was deductively 

estimated as: PI = 100 ï 65= 35%; PII  = 100 ï 59 = 41%; and PIII  =100 ï 57 = 43%. 

Where PI, PII  and PIII  are the schedules developed using different constraint. And 65, 59 

and 57 are observed activity start variances corresponding to the constraints applied in 

developing the schedules PI, PII  and PIII.  This data reduction of the case study project 

shows very clearly that the probability of project completion on the due date, PR 

improves with appropriate introduction of ALAP constraints to some selected tasks.  The 

paper concludes that the new schedule alert feature which shows warnings and or 

suggestions when MS Project identifies possible scheduling conflict as well as the new 

task inspector tool which provides context-sensitive guidance for analyzing issues and 

taking corrective action, offering helpful and intuitive information about the task, such as 

factors that might affect the task schedule in MS Project 2010 and 2013 should be 

extended in deciding when to apply as soon as possible constraint or as late as possible 

constraint. The MS project and the Primavera project scheduling software developers 

can apply these new features to assist the users chose appropriately between the as soon 

as possible constraint or as late as possible constraint.                
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                                               CHAPTER ONE                             

                                              INTRODUCTION               

 

 
1.1      BACKGROUND  TO TH E STUDY                                                                                                                                                                                                                                  

The construction industry of any country is an important developmental engine. The 

construction industry consists of firms that are mainly engaged in construction of new 

builds, renovation and repair of engineering works. These firms work as main contractors 

and as subcontractors. It is observed that the construction industry accounts for more than 

12% of Canadaôs gross domestic product (GDP) and employs about 1.2 million workers, 

representing 6% of Canadian employment (Statistics Canada, 2012). Through numerous 

projects, the employees of the construction industry build, maintain and renovate 

infrastructures for a worth of more than $220 billion each year, (Moosavi, 2012).  The  

success  of these  projects  largely  depends  on  the  quality  of  their  schedules, which 

can be used to identify possible potential problems, (GAO, 2009).  

          Research conducted in 2005 (Griffith, 2006) demonstrated a clear correlation 

between schedule development and the eventual success of the project. That research 

revealed that projects which benefit from early application of best scheduling practice, 

and start the implementation phase with well-developed schedules outperform other 

projects in terms of cost and time performance. Griffith concluded that the success of 

such projects is more predictable, as they consistently have less cost and time overruns. 

In addition, meeting the schedule due date is considered an important indicator of the 

projectôs success, (Sanvido et al, 1992). Thus, it is necessary to ensure a scheduleôs 

goodness (i.e. fitness for purpose) by properly evaluating it during its initial 

development. The Project Management Institute (PMI), (2007), defines a schedule as a 

set of activities with start and finish dates. The schedule defines the work to be 

accomplished, the sequence of work, and the required resources to perform works. 

Therefore, the purpose of scheduling is to provide a road map for project 
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accomplishment from inception to completion, (PMI, 2007). The Association for the 

Advancement of Cost Engineers (AACE), (2011a) defines a schedule as an operating 

timetable that specifies the start and finish time of each activity and the related 

occurrence time for each milestone. A bar chart is the simplest form of depicting a 

schedule, which contains the start and finish dates of activities, as well as their respective 

duration. But it does not show activity dependencies. More advanced schedules include 

job logic, the critical path and floats concepts, (AACE, 2011a). The purpose of 

scheduling is outlined as defining activities, their duration, and the dependencies among 

the various project activities (Moosavi, 2012).    

        There are various techniques for scheduling. These include, the critical path method 

(CPM), the program evaluation and review technique (PERT), the line of balance (LOB), 

and other linear scheduling method (LSM). Each of these techniques is recommended for 

particular circumstances. When there are uncertainties associated with the duration of 

activities, a probabilistic method such as PERT is recommended, while a deterministic 

method such as CPM is used for projects in which duration is estimated with reasonable 

confidence. LOB and other LSM are used for projects that include a considerable number 

of repetitive tasks like highway and high-rise construction (Ranjbaran, 2007). It is 

noteworthy to indicate that the CPM method is by far the most popular technique used 

for construction scheduling. According to a survey conducted by Kelleher (2004), the 

application of CPM increased from 90% in 1973 to 98% in 2003 among top 400 

contractors ranked by Engineering News-Record in Canada. This type of information for 

Nigeria was not cited during preliminary reading, perhaps it may exist, if not, it could 

form the subject of further research.  Moosavi, (2012), notes that builders are frequently 

required to develop and submit detailed schedules either at tendering or upon the award 

of contracts. Owners and/or their representatives are to evaluate and subsequently 

approve these schedules. Nonetheless, owners may reject schedules if they find them 
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inappropriate. The approved schedules are used to generate projectsô baselines, necessary 

to manage the projects, including tracking and progress reporting as well as the 

administration of construction disputes and claims. A well-developed schedule is crucial 

for the effective application of earned value technique. Also schedules are used to 

forecast activity and project completion dates.  

        Considering the numerous applications of schedules, it is important to ensure their 

goodness. Schedules are typically complex because they incorporate inputs from 

numerous stakeholders. Therefore, they should be carefully evaluated by the Quantity 

Surveyor and other consultants at tender analysis, tender evaluation and contract award 

to ensure that they are technically sound and are in line with stakeholdersô milestones 

before a recommendation for award is made. It is essential for parties to agree on the 

schedules, and ensure that they are well understood in respect of contractual requirements 

(Dysert, 2006). 

         The term planning is widely used in the construction industry and it means different 

things to different people. Collins Dictionary defines a plan as a scheme; a way to 

proceed; a drawing; a mapping; or an arranging beforehand. Mawdesley, et al. (1997), in 

Kassim (2004), defines a plan as a detailed scheme or a method for attaining an 

objective. A detailed scheme which includes the method, the tasks to be carried out, the 

timescale of the activities, the resources to be used and the finances required. Schwartz, 

(1961), in Kassim (2004) suggests the term planning appeals to considered, orderly and 

rational action. It implies discipline, regularity and a measure of exactness of what to get 

done. It gives the impression that someone is in charge and has a hand on the wheel 

giving a sense of direction and distinction. It represents cooperation and coordination, 

and contrasts with the inevitable disorder which generally results when people in 

organizations act independently in their own interests with no overall framework into 

which they are constrained to fit. This is why Jerry, (2011) posits that the project 
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schedule is a document that, once created and implemented, must continue to be 

monitored and updated to reflect the true condition of the project at all times. Without the 

master schedule, effective project control would be virtually impossible. Turner et al 

(1964) said, that planning, either strategic or production planning, is a necessity in any 

business setting. Without it, getting a specific result by a definite date is a matter of 

chance. Planning reduces this undesirable element of wanting to achieve results only by 

chance. Pilcher (1992) sees planning as an administrative process which is capable of 

yielding specific instructions to instigate action to achieve a set objective. The plan or 

programme is used as a guide for future actions, to anticipate and avoid potential 

problems and to ensure efficient use of construction resources.        

         Construction scheduling is commonly done using pieces of scheduling software 

such as the Primavera Project planner P3, Microsoft Project Planner, and Sure track etc. 

These pieces of scheduling software always include inbuilt guide or help facility which 

assists the user to effectively use the software to achieve enhanced result. For instance in 

setting the project start date and adjusting the project calendar, the project guide will give 

such instructions as óProjects can be scheduled from the start date or backwards from the 

end date. The project start or end date can be set in the project information pane. To 

access this dialog box, the project guide gives such assistance as click on óProjectô in the 

main menu bar and select óProject Information éô Further, the project guide will tell the 

user that the default start is scheduling from the óStart Dateô not the óend dateô. This is all 

that project guide gives. No further assistance is rendered in the form of a footnote on the 

relative importance of taking either option. For setting start date constraints and 

assigning calendar dates, only this kind of assistance is given in the project guide. 

Though the project guide gives instructions and displays useful specific information in 

relation to the selected option, the MS Project guide as it is at the moment lacks ability to 

indicate scenarios where selected options are best suited or indicate ówhat-ifô 
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implications of selected options so that users can make informed choice of available 

alternatives.     

       Different types of decisions are usually made during the construction scheduling 

process. Carl and Timothy (2010), posits that options taken in these decisions have 

different effects on the schedule performance. Schmid, (2009) also notes that before now 

it is believed that the best practice is to enter duration estimates for tasks and allow MS 

Project to schedule the task start and finish dates. In this case the scheduling engine has 

no discretion of options other than the default start and finish dates. This is why the focus 

of this study is on the initial schedule development and the effects of options of decisions 

taken which are revealed by schedule evaluation. As-late-as-possible date is a restriction 

that consumes positive float, mainly the free float to delay an activity as long as possible 

without delaying its successor. Though this research scope covers Microsoft Project 

Planner, it is observed that Primavera Project Planner (p3) scheduling software has 

similar constraint features with those in Microsoft Project Planner.  P3 provides the 

following eight constraint types:  

             As soon As possible   (ASAP);             As Late As possible   (ALAP); 

             Start No Earlier Than (SNET);             Start No Later Than   (SNLT); 

             Finish No Earlier Than (FNET);           Finish No Later Than (FNLT); 

             Must Start On              (MSO);            Must Finish On          (MFO)    

Carl and Timothy, (2010, 2013), and Carr, (1993) posits that contractors often prefer to 

work to an early start schedule (zero consumption of float), but the extent to which this is 

a practical and effective scheduling option is in question. The framework for evaluating 

the effectiveness of construction schedules being proposed in this thesis may show the 

scenarios in which early start schedules could have superior performance to late start 

schedules and vice-versa.  
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The MS Project guide, the help facilities and the numerous usersô manuals do not have 

information to assist young and inexperienced scheduling engineers to schedule 

effectively. These inexperienced scheduling engineers use only the default options 

because they lack the ability to choose with reason options other than the default. This 

implies an inadequacy of the Microsoft Project help facility. This assertion is similar to 

the posit of Galloway, (2006) that because schedule development topics taught in 200 

universities in the USA and Europe did not adequately cover issues of constraints 

(imposed dates on activity start and or activity finish), most scheduling engineers apply 

only the default options since the training has not adequately addressed this aspect. This 

is because pieces of scheduling software lack the ability to indicate case scenarios where 

selected options are best suited or show ówhat-ifô implications of selected options. This is 

why this study is being conducted to evaluate the performance of the listed options when 

selected in the schedule process.   

 

1.2      STATEMENT OF THE PROBLEM     

Schatteman, Herroelen, Van de Vonder and Boone, (2008) contends that effective 

construction scheduling can significantly reduce the cost of activity start time disruptions 

and produce a stable proactive baseline schedule that is sufficiently protected against 

anticipated and unanticipated disruptions that may occur during project implementation.   

Menches and Awad, (2006) also observes that effective scheduling correlates well with 

project outcome. They provide evidence that better scheduling is, indeed, related to 

successful project performance by developing an index which shows how closely activity 

start variance matched better cost and schedule performance. This is similar to the posit 

of Carr, (1993), that comparing activity start variance with cost variance, schedule 

variance, resource idle time, resource requirement variance and productivity variance 

may show a defined trend that the more the activity start variance, the more will be the 
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cost variance, etc. The lower the activity start time variance, the better the cost and 

schedule performance, (Menches and Awad, 2006).  Activity start time variability indeed 

results in increased direct as well as indirect cost because of the óoff-onô movement of 

crews and possible idle crew time. Indeed high variability in activity start dates will 

increase the uncertainty of project completion on the due date. Therefore it needs to be 

avoided proactively before it occurs. Can the MS Project scheduling software be used to 

reduce activity start variability so as to optimize project time and project cost? 

         All versions of most pieces of advanced scheduling software, such as the Primavera 

Project Planner and the Microsoft Project Planner etc, have facilities for specifying start 

date for all project tasks, (MS Project Help, 2010, Primavera Systems. 2007, Carl and 

Timothy, 2010, 2013, 2016 and Carr, 1993). The problem with these pieces of software 

is that they do not adequately support the decision making process. Carl and Timothy, 

(2010, 2013 and 2016) and Carr, (1993) point out that when to apply early or late start 

schedules, what workweek for which tasks and when should resources be fully 

committed or only stated as óproposeô etc, are decisions which are still being made based 

on intuition because their effects are not well known. And often young and inexperienced 

scheduling engineers use only the default options because they lack the ability to choose 

with reason other options, or go beyond the default option. This problem of right 

application or the effect of start date for project tasks is the core of this research. From 

Galloway, (2006, 2006 b), GAO, (2009, 2009a), Carl and Timothy (2010, 2013 and 

2016), Jerry (2011) and Boston University, (2010) a deficiency in the construction 

scheduling process is identified. This deficiency is in the way and manner decisions of 

early / late start schedule (óAs soon as possibleô or óAs late as possibleô) choice is made. 

At the moment such decisions are based on mere intuition, rule of thumb and company 

idiosyncrasies. This is perhaps so because effects of alternative choices are not well 

known. This study will systematically show that such decisions should be knowledge 
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based and should consider ówhat-ifô implications of selected options of early or late start 

schedules.    

 

1.3      THE AIM AND OBJECTIVES OF THE STUDY                       

The purpose of this research is to develop a framework for evaluating the effectiveness of 

construction project schedules based on the ASAP and ALAP constraints.        

To achieve this aim the following objectives are pursued:   

    (i)  To make a state of the arts review of contextual literature to identify and justify  

          the research problem 

    (ii)   To catalogue the ASAP or ALAP constraints applied in developing the 

             construction schedule yielding early or late start schedules.           

    (iii)  To measure project performance metrics in terms of activity start variance with 

       respect to the different scheduling options are applied. 

    (iv)  To develop and test hypothesized causal correlation or reasons for multivariate 

             relationships of  start date constraints and key performance indicators using 

             ANOVA.   

(v)  To use the results of the hypotheses testing to develop and validate a ówhat-ifô 

       procedural framework for evaluating the effectiveness of construction project 

       schedules.         

 

1.4      THE RESEARCH QUESTION       

Though the Microsoft project plannerôs guide gives instructions and displays useful 

specific information in relation to the selected option, as stated in the problem definition, 

they however lack the ability to indicate case scenarios where selected options are best 

suited. They also lack the ability to show ówhat-ifô implications of selected options. It is 

noted from the conceptual framework for effective construction scheduling developed in 

Efole, (2009), and shown in Appendix A9 that category A, B and C construction tasks  
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qualify for application of early start (óas soon as possibleô) schedules, while category D 

tasks qualify for application of late start (óas late as possibleô) schedules. Some key 

research questions emerging from this knowledge are:    

(1) How will the schedule perform if all tasks are scheduled using early start 

schedules? 

(2)  How will the schedule perform if all tasks are scheduled using late start 

schedules?  

(3) Yet, more grounded, how will the schedule perform should early start schedules 

be applied on tasks that ought to be scheduled with late start? and 

(4) What are the implications of choice beyond the default option?  

These focused research questions informed the hypothesis formulated and tested in this 

thesis.    

   

1.5      THE STUDY HYPOTHESES            

Three hypotheses are developed which attempt to answer the research questions. These 

hypotheses are tested using the simple ANOVA statistical tool. The hypotheses are:  

(a) Hypothesis I: This tests the relationship between start time constraint and activity 

start variance. This hypothesis seeks to answer the first two research questions, i.e., (1) 

How will the schedule perform if all tasks are scheduled using early start schedules? (2) 

How will the schedule perform if all tasks are scheduled using late start schedules?  This 

hypothesis investigates if early start schedules or late start scheduling options have 

significant impact on schedule performance measured in terms of activity start variance. 

The Null hypothesis states that: There is no significant relationship between start time 

constraints and activity start variance. (b) Hypothesis II: This tests the relationship 

between the start time constraint and activity finish variance. This hypothesis also 

investigates if early start schedules or late start scheduling options have significant 
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impact on schedule performance measured in terms of activity finish variance. The Null 

hypothesis states that: There is no significant relationship between the start time 

constraint options and activity finish variance. (c) Hypothesis III: This tests the 

relationship between the interaction between start time constraint and the different 

project type. The Null hypothesis states that: There is no significant interaction between 

the start time constraint treatments and project performance of the different project types 

in creating the observed activity start and activity finish variances.  

 

1.6      SIGNIFICANCE OF THE STUDY  

Construction contracts frequently require owners to evaluate the builderôs schedules 

before or after contract award. Usually a set of general clauses indicate that the schedule 

shall be in compliance with the scope of the project and shall be developed with an 

appropriate level of detail. Nevertheless, there are rarely adequate specifications or 

guidelines indicating how the evaluation should be conducted, (Moselhi & Moosavi, 

2012). There are several publications describing the process of a detailed analysis of a 

cost estimates. However, rarely can one find comparable resources for the evaluation of 

the quality of a detailed schedule. Particularly, explicit descriptions of the procedure and 

content of such evaluation are lacking in the literature, (Douglas 2009b). The reason this 

noted lack of evaluation is so is because the scheduling process involves so many 

alternative decision options to meet different objectives. It is practically impossible to 

develop a set of points for which schedule quality evaluation should be conducted. But, 

the fact remains that there is a need to evaluate aspects of the schedule to preempt or 

envisage how the schedule may behave during project implementation. The need for 

evaluating scheduling decision options which produces the best project outcome is an 

important motivation for this research. The results of a survey by Galloway (2006) 

revealed the immediate need for standards and best practice guidelines in CPM 
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scheduling which could be checked in a schedule evaluation assessment. The different 

impacts that different criteria have on the goodness of schedules should be examined. 

Which scheduling options of early or late start schedules yields optimum resource 

utilization and hence lower project cost are results that may be gleaned from a schedule 

evaluation assessment.            

        A grounded theory is one that is inductively derived from the study of the 

phenomenon it represents (Strauss and Corbin, 1990) and seeks to avoid premature use of 

theory or prior conceptual categorization (Glaser and Strauss, 1967). The first and 

general significance of this research therefore is that the premature use of untested and 

unevaluated proposed idea of early/late start date schedule is avoided. More specifically, 

results of this research may develop industry specific userôs guide for the Microsoft 

Project Planner and the Primavera Project Planner pieces of software. This industry 

specific userôs guide is important because the architecture of the MS Project as it is 

currently is very, very generic, applicable to a wide range of industries with numerous 

very different processes. Its design could not possibly consider and provide for the 

uniqueness of the building and civil engineering construction process. The óWhat-ifô 

implications of scheduling options of early/late start schedules will be shown in different 

case scenarios. In this respect effort is being made to send this research to both the 

Microsoft Project Planner and the Primavera Project Planner software developers for 

consideration of a possible post-research placement.   

 

1.7      THEORETICAL AND CONCEPTUAL  FRAMEWORK  

                           
Building a conceptual and theoretical framework that informs research is key in the 

making of knowledge. Researchers should develop theories that are supported by 

justifiable evidence. In doing so, researchers should seek conceptual and theoretical 

understanding. They should pose empirically testable and refutable hypotheses. They 
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should design studies that test and can rule out competing counter-hypotheses, they 

should use observational methods linked to theory that enable other scientists to verify 

their accuracy and recognize the importance of independent replication and 

generalization (NRC, 2002). The very act of collecting and analyzing data is not as 

important as the persistence and consternation of thinking critically and deeply about a 

phenomenon. This is the highest level of the art and skill one can use to better understand 

difficult problems through science. Dewey (1938) observed that if óscience is a 

competent inquiry that produces warranted assertionsô then, researchers need 

conceptually strong arguments that are grounded in previous studies and theoretical 

assumptions. Among the most important scientific principles that guide scientists is not 

in collecting and analyzing data. Rather, it is being able to pose significant questions that 

can be investigated empirically, linking research thinking to relevant theory, and 

providing a coherent and explicit chain of reasoning (NRC, 2002).   

         A conceptual framework is a structure of what has been learned to best explain the 

natural progression of a phenomenon that is being studied (Camp, 2001). Marriam (2001) 

provided additional clarity by stating that a theoretical framework provides the researcher 

the lens to view the research, the underlying theories which explain the phenomena being 

studied. The logical chain of reasoning used to support the argument of a research study 

is illustrated in the identification of the problem, assertions, and knowledge claims. 

Metaphorically, the logical chain of reasoning is a thread that provides the researcher a 

way to connect the problem situated in a context, to the purpose and assertions, to the 

conceptual and theoretical frameworks, to the need for the study, to the research design, 

to the data sources and analyses, to the findings and knowledge claims, and to the 

implications and recommendations. The abstract nature of building conceptual and 

theoretical frameworks makes research a demanding and onerous process. Dewey (1916) 

cautioned against the tendency to prematurely accept assertions that have not been 
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thoroughly tested and grounded in thinking that is accurate, comprehensive, and rigorous. 

Further, Dewey, (1916), posits that ñéwe tend naturally to cut short the process of 

testing. We are satisfied with superficial and immediate short-visioned applications.ò He 

called for science to serve as the medium through which special applications and 

methods are used to create accurate knowledge claims.   

         If researchers are going to make and support knowledge claims, they must do so 

understanding the process of adding to the knowledge base, which requires them to 

explicitly state what is known, state what is not known, state what could be known, and 

state how what is learned from current research studies adds to or provides new 

perspectives to the knowledge base. Conceptual and theoretical frameworks are the 

cognitive tools needed to make assertions and support knowledge claims, and guide the 

profession or what we say or claim towards an action (Rojewski, 2002). Construction 

management being a branch of engineering management and management science cannot 

be grouped as a completely pure engineering science, a pure science or a pure social 

science which have well established concepts defined by long standing and tested 

theories. The concepts and theories in construction management are borrowed mainly 

from the social sciences and the management sciences with a few gotten from the pure 

sciences and the engineering science. Therefore most times, in the process of adopting 

these concepts and theories from the social, management and the pure sciences the 

meaning and intent may substantially vary. This observation notwithstanding, effort is 

here made to identify and clarify the conceptual thinking of this research as presented in 

the preceding broad introduction to theoretical and conceptual framework. It is 

emphasized here that the concept of constraints and the concept of choice as here 

considered may vary in meaning and intent as considered in the social and management 

sciences. The concept of constraints, the concept of choice and the understanding of the 

underlying reasons for different types of decision options made during each stage in the 
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construction scheduling process are considered important in this research which seeks to 

evaluate the effects of decisions on schedule performance. For instance, late start 

schedules in some project scenarios may be more effective in that they better 

accommodate instructions and information coming late and also make room for long-lead 

supply items. This ensures that resources have not been called to site prematurely which 

may become idle, and that succeeding activities have not been scheduled to start when all 

important constraints have not been adequately resolved. Tasks which require further 

information, approval or instructions, needs to be scheduled cautiously, anticipating and 

attempting to remove or resolve all these constraints before fixing a timescale so that 

things happen as planned (Ming and Heng, 2003).   

         Section 2.7 lists three distinct but related stages in construction scheduling for 

which varying decisions are made as: (a) Initial schedule development; (b) Schedule 

implementation and (c) Schedule review, schedule update and schedule control. Carl and 

Timothy (2010, 2013 and 2016), opines that options taken in these decisions have 

varying different effects on the scheduling of tasks. A systematic approach or best 

practice to improve and standardize the construction scheduling process will inherently 

benefit in on-time and on-cost quality project delivery.  Such an approach must recognize 

case scenarios of projects being planned and adopt options suited to varying unique 

instances. Project specific attributes, task specific attributes, and resource specific 

attributes are important guides in making choice of alternative start date and project 

calendar options. Choice of start date constraints and project calendar are decisions 

currently made based on intuition and company idiosyncrasies.  

         The views of several authors (Process Protocol level 2, 1999 & Kassim, 2004), 

gleaned from literature support the fact that implementation of a standard scheduling 

procedure will contribute to capturing needed knowledge and experience and introduce 

consistency and reliability in practice, and thus produce innovation and value in 



15 
 

construction schedules with more reliable predictions of construction project time and 

cost as presented in the theoretical framework in Figure 2. This is the philosophy behind 

the concept of the underlying reasons of choice in the different types of decisions made 

during each stage of the construction scheduling process. That is, the theory of 

Knowledge and experience capturing; the theory of consistency and reliability; and the 

theory of predictability are important concepts of a knowledge based Microsoft project 

usersô guide this study seeks to develop from the schedule evaluation assessment.     

 

1.7.1      Theories of Consistency 

The general notion of consistency underlies all of science. It is the notion that research 

results or phenomena are ordered or consistent. And that this ordered results allows 

predictability. Predictability, in turn, allows the scientist to formulate and test 

hypotheses, make generalizations from them, build theory, and predict future outcomes. 

The purpose of the researcher and theorist is, to a great extent predict the effect of future 

outcomes of the process. The notions of consistency assume that inconsistency generates 

ñtensionò or discomfort or dissonance which results in internal pressure to eliminate or 

reduce the inconsistency and, if possible, achieve consistency.  A number of consistency 

theories are of interest to behavioural scientists and researches abound in the literature, 

(Heider, 1946., Festinger, 1957., Zajonc, 1960., and Newcomb, et al, 1968).  
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However for the purposes of this research only four major ones are discussed: (i) Heiderôs 

balance theory of consistency, (ii) Newcombôs symmetry theory of consistency,  

(iii) Osgoodôs congruity theory of consistency, and (iv) Festingerôs theory of cognitive 

dissonance.      

         Most writers credit Heider (1946) with the earliest articulation of a consistency theory, 

although some informal concept can be traced back to earlier works (Kiesler, et al., 1969). 

Heider postulated that unbalanced states produce tension and generate forces to restore 

balance. Heiderôs paradigm focused on two individuals, a person (P), the object of the 

analysis, some other person (0), and a physical object, idea, or event (X). Heiderôs concern 

was with how relationships among these three units are organized whether they can be 

described as consistent or inconsistent.     

         Osgoodôs congruity theory is a special case of Heiderôs balance theory. Congruity 

theory has several advantages over balance theory, including the ability to make predictions 

about both the direction and the degree of consistency, (Zajonc, 1960). In essence, the 

definitions of balance and congruity are identical. Newcombôs symmetry theory uses the term 

symmetry to distinguish it from balance theory and contends that we attempt to influence one 

another to bring about symmetry (or balance or equilibrium).  

         Festingerôs theory of cognitive dissonance is the most general of all the consistency 

theories. It is also a theory that has generated considerable controversy in the field of social 

psychology. Dissonance theory holds that two elements of knowledge are in dissonant 

relation if, considering these two alone, the obverse of one element would follow from the 

other, (Festinger, 1957). As with other consistency theories, it holds that dissonance, being 

psychologically uncomfortable, will motivate the person to try to reduce dissonance and 

achieve consonance and in addition to trying to reduce it the person will actively avoid 

situations and information which would likely increase the dissonance. In cognitive 

dissonance the elements in question may be:  
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(1) Irrelevant to one another, (2) Consistent with one another (in Festingerôs terms, 

consonant), or (3) Inconsistent with one another (dissonant in Festingerôs terms). 

Relationships need not be logically related for consistency or inconsistency. A relationship 

may be logically inconsistent to an observer while psychologically consistent to an individual 

who holds these obverse beliefs. Several rather interesting consequences follow from 

dissonance theory, especially in the areas of decision making and role playing. The insight 

provided in these theories of consistency are relevant to understanding the consistency of 

project performance outcome in relation to the different scheduling approaches adopted 

which yielded the different project outcomes. Put succinctly, is it possible to observe a 

consistent schedule performance when early start schedule options are applied?  

 

1.7.2      Theories of Predictability           

Events whose occurrences do not follow any rules abound in statistical, scientific, 

experimental and research processes. Of course, the influence of such óunpatternedô 

occurrences is dramatically undesirable. This is why Érdi, et al. (2013) posits that it will be 

best if we can understand, assess, predict and maybe control these events. Such statistics of 

random processes like Binomial, Gaussian, Poisson, Exponential, Log-normal, Bayesian 

theorem and Power law distributions are used to assess the reasoning under uncertainty and 

predict such occurrences which do not follow a trend or any rules, (Érdi, et al, 2013).  

         Diebold & Kilian, (2001 & 1999) posit that some processes are inherently easy to 

forecast, and others are difficult. In addition to being of interest to forecasters, predictability 

measures are potentially useful in empirical processes. Predictability provides a succinct 

measure of a key aspect of time series dynamics and is therefore useful for summarizing, 

generalising and comparing the behavior of series of process outcomes as well as for 

assessing agreement between models and data generated from experimental research. 

Remarkably little attention has been paid to methods for measuring predictability, Diebold 

and Mariano, 1995). Existing methods include those based on canonical correlations between 
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past and future, and those based on comparing the innovation variance and unconditional 

variance of stationary series. Those methods, however, are inadequate in the light of recent 

work stressing the possible presence of unit roots, rich and high-dimensional information 

sets, non-quadratic and possibly even asymmetric loss of functions, and variations in forecast 

accuracy. In measuring predictability it is important to keep three points in mind. First, the 

question of whether a series is predictable or not should be replaced by one of how 

predictable it is. Predictability always is a matter of degree. Second, the question of how 

predictable a series is cannot be answered in general. We have to be clear about the relevant 

forecast horizon. For example, a series may be quite predictable at short horizons, but not 

very predictable at long horizons. Third, to compare the predictability of several series we 

need a common numeracy. It may be tempting to simply compare the expected losses of 

forecasts for two series to assess their relative predictability, but that ignores the possibility 

that the two series may be measured on different scales.  

         Granger and Newbold (1986) therefore propose a natural measure of the forecastability 

of covariance stationary series under squared-error loss, patterned after the familiar R2 of 

linear regression. The essence of the Granger-Newbold suggestion is that it is natural to base 

a measure of predictability on the difference between the conditionally expected loss of an 

optimal short-run forecast, and that of an optimal long-run forecast. This Granger-Newbold 

idea of predictability can be applied to explain the predictability of project performance 

outcome when different scheduling options are adopted.  

 

1.7.3      Theories of Experience Capturing  

Fekete and Edelman, (2011) argues that general theory of experience capturing posits that 

experience is realized or captured by dynamical activity-space trajectories (rather than at 

points) and that the richness of the experience captured is measured by the representational 

capacity of the trajectory space in which it unfolds. Roth and Jornet, (2014) posits that 

experience is not something that belongs to or is had by individuals but rather denotes 
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transactions in and across space and time within irreducible person-in-setting units; and it is 

perfused with affect that is not (only) the result of mental constructions.  Thus, experience is 

not something concealed within individuals, but extends in space and time across individuals 

and setting in the course of time temporally unfolding societal relations, (Roth & Jornet, 

2014). Experience capturing is about the discerning of similarities and differences or 

discrimination capacity.  A systemôs experience cannot be a matter of attribution by an 

external observer. Any naturalistic theory of experience must explain how discernment, as a 

necessary attribute of qualia, can be intrinsic to the experiencer.  

         Theory of experience capturing construes experience as dynamical and diachronic 

(extended in time), rather than static and synchronic (momentary). Experience is enabled by 

physical realization, and therefore its nature is constrained by the nature of the realizing 

processes. If a process is to realize a given experience, it must have the necessary structure to 

support its content. Thus, if according to a theory of experience a certain physical state or 

process realizes phenomenal content, the theory should be explicit as to (i) which properties 

and features of such physical processes express experiential content, and (ii) 

complementarily, how systematic change in these properties and features affects the realized 

experience. We note that such a theory would necessarily include criteria for demarcating 

information that is represented unconsciously from information that constitutes the content of 

experience. The general theory of experience capturing discussed in Fekete & Edelman, 

(2011) and Roth & Jornet, 2014) provides a good theoretical bases to understanding the 

nature of experience capturing in construction. It is however noted that Construction 

scheduling experience capturing does not necessarily include information that is represented 

unconsciously. All experience captured in construction are consciously represented.  

 

1.7.4      Theories of Knowledge  

The theory of knowledge or epistemology, is concerned with how we know what we know 

and do, what justifies us in believing what we think we know, and what standards of evidence 
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we should use in seeking truths about the world and human experience, (Audi, 2003). Belief 

that is justified constitutes knowledge. (óEpistemicô comes from the Greek word óepistemeô 

which means, órough or approximate knowledgeô). Justified knowledge is usually explored in 

three major territories namely the scientific knowledge, the ethical knowledge, and the 

religious knowledge.  

         The following epistemology concepts are important in defining knowledge: belief, 

causation, certainty, coherence, explanation, fallibility, illusion, inference, intellectual virtue, 

introspection, intuition, meaning, memory, reasoning, relativity, reliability and truth, (Audi, 

2003). Every knowledge must be justified before it can be accepted as knowledge. That is 

there must be sufficient reason to believe what we know is indeed truth. Well-developed 

concepts of knowledge and its justification are very important because we can refrain from 

forming beliefs where we think we lack justification, and we can avoid claiming knowledge 

where we think we there is no sufficient justification to believe what we think is true. Thus 

we can better avoid the dangerous pitfalls that come from confusing mere impressions with 

justification or mere opinion with knowledge and the temptation to take an imitation to be the 

real thing. The concept of a knowledge based Microsoft project usersô guide this study seeks 

to develop from the schedule evaluation assessment is strongly embedded in this theory of 

knowledge that no knowledge is true knowledge except if justifiably believed.  

 

1.8      THE SCOPE AND LIMITATION OF THE STUDY    

The scope of this research concerns the effects of choice of start time constraints applied 

during the initial development of the construction schedules. Issues of schedule management 

and schedule update are not considered. Also only large construction projects planned using 

Microsoft Project Planner are included in the case projects studied in the research (large is 

defined as projects with duration over two years or with cost over a Billion Naira). Projects 

planned with other scheduling techniques are also not considered in this research. The main 

limitation of this study which may inhibit results is the availability of large numbers of 
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projects scheduled with Microsoft Project Planner. To circumvent this, experimental research 

design is considered to replicate schedules obtained from a few projects by manipulating the 

variable options other than the default to increase study data to investigate the effect of 

options on key performance indicators or project performance metrics.    

 

1.9      OPERATIONAL DEFINITION OF TERMS              
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Figure 2.  
A Theoretical Framework of Requirements for Effective Construction Scheduling  
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1.9  OPERATIONAL DEFINITION OF TERMS  CONTD.                                                                                                                                       

Project Calendars:  

Optimism:  

 

Pessimism:  

 

Most likely:                                        

As-planned schedules:  

As-built schedules:  

 

As soon as possible:  

 

As late as possible:  

 

 

ANOVA:    
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The tendency for people to be overly confident that project 

events will occur as planned  

A view in which nothing is taken for granted. This view 

assumes that project events may not occur as planned  

This is the duration estimates that is almost 100 %  certain 
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of deviations from the as-planned  

This is a scheduling option which fixes the start of floated 

activity to occur without consuming any of the available float  

This is a scheduling option which fixes the start of floated  

activity to occur after consuming all or some of the  

available float  

A statistical technique used study the extent to which groups 

differ from or are similar to one another in terms of some 

dependent variables by analyzing their variances  
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                                                 CHAPTER TWO   

                                 REVIEW  OF RELATED  LITERATURE     

          

2.1      SCHEDULING:  A FOUNDATION FOR SUCCESSFUL PROJECT 

   

In order to develop a structured and effective schedule assessment and schedule evaluation 

methodology, a comprehensive literature review is conducted to extract related factors which 

will affect the assessment and evaluation of construction schedules from three major sources: 

(1) Text books and accepted dissertations; (2) Recommended best practice guidelines and (3) 

Journal articles and conference proceedings. For the second literature source, recommended 

practice guidelines, information is obtained from available publications from two main 

sources: government agencies and professional organizations.  

         In  the  course  of  the  literature  review  for  this  research,  more  than  three  hundred 

and fifty publications from the above sources were studied. Throughout the literature search, 

two recurring themes were observed: (i) That there is no structured method for evaluating and 

assessing construction schedules and (ii) That as there are numerous provisions pointing to a 

wide variety of important issues to be considered in schedule evaluation, it is practically 

impossible to develop a generic framework that could capture all related issues in a single 

evaluation framework, (Booth, 1993; Booth, et al., 1989). In fact Moselhi & Moosavi, (2012) 

showed from various literature sources in Table 13 that there are more than 48 such typical 

evaluation and assessment issues all of which cannot be possibly considered in a single study. 

Therefore to focus the study within a manageable bit only two of these evaluation issues are 

considered: (a) The number of constraints on activities start and finish dates shown in serial 

number 40 and (b) Activity Float consumption which defines early start or late start schedule 

shown in serial number 45 of Table 13.  

A foundation for successful project management is to start with the right and realistic 

schedule, (Ahuja, 1976 in Bowers, 1995 and MOSAIC, 2009a). It should be a schedule in 

which the number of constraints on activity start and activity finish dates is minimized and 
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the activity float consumption shown in Table 13 is also minimized. Planning is the heart of 

construction project management. The successful execution of a construction project in terms 

of meeting time and cost objectives has always been dependent on effective planning and 

scheduling, and a well-coordinated implementation of the plan. The increasing complexity 

and cost of today's construction projects highlight the importance of a careful management of 

the entire construction process from inception to completion. In order to accomplish project 

objectives of meeting time and cost, it is paramount that the parties have an appreciation and 

understanding of the importance of a detailed, well evaluated project schedule and how it is 

effectively developed and implemented.    

       Creating accurate construction schedules is a complex task requiring pre-planning, 

estimating, and effective articulation of information in the schedule. By focusing efforts in 

developing appropriate schedules, it is possible to eliminate bottlenecks in the construction 

production process. Such efforts should facilitate timely procurement of necessary materials, 

and ensures that completion of the project falls close to set due date. Poor scheduling, 

particularly one which is not well evaluated commonly results in waste of time and additional 

costs in manpower, materials, and machine-hour. For example, faulty scheduling can force 

workers to wait for availability of needed resources, wait for required information or wait for 

the completion of preceding tasks. Among other things, placing emphasis on activities, 

resources, objectives, and constraints is required for effective project scheduling. Some 

aspects resulting in scheduling problems are: Poor logic, lack of questioning and missing 

descriptions. Well-trained and experienced project schedulers can prevent numerous logic 

problems, as they know what to expect based on previous work experience. When decisions 

are made based on incorrect assumptions or failure to ask necessary questions, errors can be 

buried deeply in a project schedule. Schedule evaluation should reveal such errors. The 

superintendent on the project should either create the schedule, or be deeply involved in its 
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development. Since the superintendent is the one who will actually perform the work, he or 

she will know how best to accomplish the tasks.      

         Early use of a CPM program results in shorter (up to 10%) and more realistic 

construction periods which is evident in: maximized or optimized resource utilization, 

decreased costs and improved communication, (Ahuja, 1976 in Bowers, 1995). The CPM 

developed in the 1950s, generates useful information about the project, such as:   

          (i) The longest sequence of activities 

          (ii)  The shortest project duration and 

          (iii)  The total and free floats of each activity 

These pieces of information are crucial to project success and are substantially important for 

the project manager to control the works more effectively. Critical activities having zero 

floats should receive such management attention that might be unnecessary on other non-zero 

float activities. This management by exception is an important advantage of the CPM, 

especially on large, complex projects (Ahuja, 1976 in Bowers, 1995). Though it is recognised 

that the concept of float is an artificial construct of the CPM algorithm, when it is well 

understood and managed with the understanding of project specific attributes, resource 

specific attributes and activity specific attributes, it can be a useful means of scheduling to 

reduce the problem of promising the impossible, Weaver, (2010). Effective construction 

scheduling saves time and cost and it is analogous to the old adage, "an ounce of proactive 

preventive measure is worth a pound of reactive curative measure."  Put another way; in 

order to save money, one must act before money is already spent. This means appropriate use 

of float before the boat start to sink may help to keep the project afloat and ensure meeting 

the due date, Weaver, (2009a), shown in Figure 3. 
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                                Figure 3. A Sinking Boat that can no Longer Float 
                                                    Source: Weaver, (2009a) 
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 Effective construction scheduling needs to consider how some of the advanced features of 

Primavera Project Planner or the MS Project can help manage the construction process more 

effectively. Effective construction scheduling has the following benefits:   

(i)  It gives workers and subcontractors a goal to work towards.  

(ii)  It provides more accurate, concise, and clear communications which result in 

fewer misunderstandings and disputes.   

(iii)  It ensures a more accurate and timely method to forecast cash flow.  

(iv)  It is an effective way to coordinate site activities of the builder ensuring that 

events occur as planned.  

(v) It provides a means to monitor the progress of the entire work as well as how it 

relates to the progress of interdependent construction activities.  

(vi)  It is a tool needed to do "what-if" scheduling scenarios which will enable the 

process to make more effective decisions in order to maximize productivity and 

optimize work flow.   

(vii)  Enables accurate determinations of materials, manpower, money & equipment 

requirements and their actual usage.  

(viii)  Gives better control of materials, labour, equipment and subcontractors resources.  

Without, adequate planning and scheduling there will likely be lost time and increased 

expenditure for the contractor, poor co-ordination of construction resources, e.g., not enough 

people, materials or equipment when needed and materials may be delivered too late or too 

early causing problems of double handling and site space congestion, increased site storage 

cost and hampering work flow. It is both uneconomical and time-consuming for users of the 

MS Project to follow a trial-and-error procedure in developing the construction schedule. 

What is the correlation that exists between effective construction scheduling and project 

outcomes? Since literature evidence points to a relationship between effective construction 

scheduling and project performance, (Olomolaiye. et al, 1997 & 1998., Olusegun. et al, 1997, 
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1998 & 1999., Odeh, et al., 2002., Cole, 1991 and Cohenca, et al., 1989), attempt is made in 

this research to investigate and quantify this relationship. This is done while recognising that 

such other factors like good project management and good schedule implementation can also 

play a part in successful project outcomes. It should be noted that any occurrence that is 

disruptive which cause events not to occur as planned is detrimental to labour productivity 

and schedule performance. Table 1 catalogued sixteen causes that may impact project 

performance. Late change is more disruptive of project productivity than early change, all 

other things being equal, (Ibbs, 2005). This is because when a disruptive event occurs early 

on, when all arrangement are not concluded to move men and machines to site, alternative 

plan B could be developed with only minimal downtime cost. However when a disruptive 

event occurs late into the programme, perhaps when all men and machines have been 

arranged and probably moved to site, a colossal downtime cost may be experienced. This is 

obvious because even before developing plan B, the men and machines moved to site would 

have incurred huge downtime cost. And materials now prematurely moved to site could 

increase storage cost. This argument is similar to the postulate of Ibbs et al., (1994) that a 

change implemented late in a project will have more unsettling impact on labour productivity 

than the same change initiated and implemented earlier on in the project. Also Hanna., Taylor 

& Sullivan (2005) show that extended calendar dates impacts adversely on labour 

productivity. They contended that when project calendar is more than the normal 40 hour per 

week productivity is likely to be low.  

 

 

 

 

 

 

 

 

 

 



31 
 

 

Table 1           

A Catalogue of Sixteen Causes that may Impact Project Performance.  

  

 SN                         Causes                                                 Literature  Source  

 

1. Impact of Changeôs Timing on Labour Productivity     

2. Schedule and Project Complexity    

3. Impact of Fast Tracking or different Scheduling          
   Options, on Labour Productivity  

4. Impact of Extended calendar dates on labour               

5. Weather effects                                                        

6. Material availability or shortage of materials                       

7. Differing geotechnical conditions of the site                                         

8. Labour strikes, labour injuries,                                   

    unskilled labour and poor wages                                                                     

10. Slow decision making                                                             

 
 

11. Inexperienced management and inadequate               
        Supervision                                                                                                                                             

12. Incomplete drawings, inaccurate design, and                                                
      incomplete specifications                                        

13. Frequent changes in scope and specifications            
                                                                        

14. Restricted or tight site condition restricting               

      working area on the job-site                                    

15.  Political risks and government instability                 

16.  Construction errors and rework                                          

Ibbs (2005) & Ibbs et al., (1994) 

Nassar and Hegab (2006)  

Penĕa-Mora and Park. (2003)  

Hanna., Taylor & Sullivan (2005)  

AbouRizk and Wales 1997 and  
Ruff et al. 1996  

Thomas and Napolitan 1995;  

Okpala and Aniekwu 1988  
 
Russell, (1993); Ng et al. (1998)  

 
Burleson et al. 1998; Yates 1993  

and Everett 1999  
 
Bennett, (1985); Tenah, (1986);  

Smith and Bohn, (1999)  

Sanvido et al. (1992); Arditi and                 
Gunaydin, (1998)  
 

Smith and Bohn (1999);  
Mulholland and Christian, (1999)  

 
Songer and Molenaar 1997;  
Wong and Logcher 1986)  

 
Bell and Stukhart (1986); Krizek et  

al. (1996); Anson and Wang (1998)  
 
Okpala and Aniekwu (1988)  
 
Abdelhamid and Everett (1999a)  

             Source: Gleaned from literature as cited  
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2.2 A PREVIEW OF CONSTRUCTION  SCHEDULING    

The science of óschedulingô as defined by critical path analysis celebrated its 50th anniversary 

in 2007, (Weaver, 2006). In 1956/57 Kelly and Walker started developing the algorithms that 

became the activity-on-arrowô (also called activity diagramming methodology-ADM) for 

DuPont. The program they developed was trialled on plant shutdowns in 1957 and their first 

paper on critical path scheduling was published in March 1959. The PERT system was 

developed at around the same time but lagged CPM by 6 to 12 months. Later the Precedence 

(PDM) methodology was developed by John Fondahl. His seminar paper was published in 

1961 describing PDM as a ónon-computerô alternative to CPM. Arguably, the evolution of 

modern project management is a direct consequence of the need to make effective use of the 

data generated by the schedule in an attempt to manage and control the critical path.     

        The evolution of CPM scheduling closely tracked the development of computers, 

(Weaver, 2006). The initial computer systems were complex mainframe behemoths, typically 

taking a new scheduler many months to learn to use. These systems migrated to the ómini 

computersô of the 1970s and 80s but remained expensive, encouraging the widespread use of 

manual scheduling techniques, with only the larger organisations being able to afford a 

central scheduling office and the supporting computer systems. The advent of the 

ómicrocomputerô (i.e, personal computer, or PC) changed the process of scheduling 

significantly. From the skills perspective, project management organisations support the 

development of scheduling standards in application to their organisational operations. The 

way development in scheduling and evolving technology changed methods of project 

scheduling and management has been tracked in the literature, (Weaver, 2006). The history 

of scheduling tools predates 1956 and shows that the concept of óschedulingô is not new, 

(Weaver, 2006). The pyramids of Egypt are over 3000 years old; Sun Tzu of China wrote 

about scheduling and  
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 the strategy used 2500 years ago from a military perspective and transcontinental railways 

built some 200 years ago, (Weaver, 2006). None of these projects could have been 

accomplished without some form of scheduling; ie, the understanding of activity listing, 

sequencing and determination of start date and end date for defined project activities. 

However, whilst the managers, priests and military leaders controlling the production 

operation for accomplishing the óworksô must have had an appreciation of scheduling, there 

is little evidence of formal processes of scheduling until the 18th Century, (Weaver, 2006). 

The most likely planning tool used for scheduling construction works before the 18th 

Century appears to be models. The model literally showed what the finished structure would 

look like and allowed the project manager to explain how his workforce would go about 

accomplishing the works, stage by stage. Models then could be used to infer sequence but not 

necessarily timescale.  

         Weaver, (2006) observes that Filippo used models extensively in the design and 

construction of the famous brick dome on top of the Duomo di Firenzein Florence during the 

15th Century and Sir Christopher Wrenôs model for the reconstruction of St. Pauls Cathedral 

after the great fire of London in 1666 still survives, (Weaver, 2006). The concept of using 

diagrams in preference to words or tabulations to depict ideas was the subject of much 

scientific debate at the end of the17th Century. Robert Hook published Micrographia, in 1665 

that used diagrams to describe specimens viewed through a microscope, (Weaver, 2006). He 

was greatly concerned about the possibility of misinterpretation and many other eminent 

scientist of that era were involved in the debate over the value of charts and diagrams to 

influence the understanding of process data. Weaver, (2006) opines that the origin of 

graphical schedule control tools can be traced to 1765. The originator of the óbar chartô 

appears to be Joseph Priestley, an English, who lived during the period 1733-1804, (not 

Henry Gantt as commonly cited in contemporary literature). What the modern world calls a 

'Gantt Chart' pre-dates Henry Gantt by more than a century, (Weaver, 2006). Priestleyôs chart 
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of biography shown in Appendix A1 plotted some 2000 famous lifetimes on a time scaled 

chart ñéa longer or a shorter space of time may be most commodiously and advantageously 

represented by a longer or a shorter line.ò Priestley also drew A New Chart of History in 

1769 using similar concepts plotting the rule of óempiresô against geographical location and 

time, (Weaver, 2006). The Chart of history shown in Appendix A2 lists events in 106 

separate locations. Priestley wrote that: óThe capital use of the charts was as a most excellent 

mechanical help to the knowledge of history, impressing the imagination indelibly with a just 

image of the rise, progression, extent, duration, and contemporary state of all the 

considerable empires that have ever existed in the world at that time.ô The horizontal line 

conveys an idea of the duration of fame, influence, power and domination. A vertical reading 

conveys an impression of the contemporaneity of ideas, events and people.ô From this 

background, and shifting thinking to modern day bar charts of Henry Gantt, the horizontal 

line conveys the duration of an activity and the vertical reading shows activities in progress at 

any point in time. Priestleyôs ideas were picked up by William Playfair (1759-1823) in his 

óCommercial and Political Atlasô of 1786, (Weaver, 2006).   

         Playfair is credited with developing a range of statistical charts including the line bar, 

histogram, and pie charts. The Atlas contained 43 time-series plots. Following on from 

Playfair; another European, Karol Adamiecki, a Polish economist, engineer and management 

researcher, developed a methodology for ówork harmonizationô that was based on graphical 

analysis, (Weaver, 2006). The charts he proposed became known as Harmonograms, (or 

Harmonygraph). Adamieckiôs 1896 Harmonygraph shown in Figure 4 has a date scale on the 

vertical axis (left hand side) and lists Activities across the top. Each activity was represented 

by a scaled paper strip, and the current schedule and duration of the activities were depicted 

by the position and length of the strips. In the header of the strips, the name and the duration 

of the activity and the list of preceding activities were shown.  The strips representing the 

preceding activities were always to the left of the strip of the successor. The tabulation of 



35 
 

 

each activityôs predecessors and successors in the Harmonygraph (ófromô and ótoô) makes it 

the distinct precursor knowledge from which the CPM and PERT systems developed some 

60 years later. This is because the predecessor tasks must satisfy certain harmonious 

conditions before the successor tasks can occur, (Weaver, 2006). This harmonious condition 

is the precedence relationship. Adamiecki emphasised the importance of creating harmonious 

teams, practical scheduling, and compatible, measurable means of production. It is claimed 

that companies implementing his method saw productivity increases of up to 400%. By 1912, 

the modern bar chart seems to have been fully developed and in use in Germany, (Weaver, 

2006). In its pure form, the bar chart correlates activities and time in a graphical display 

allowing the timing of work to be determined but not interdependencies, which is the 

satisfaction of certain harmonious conditions. Sequencing is only inferred rather than 

explicitly shown. And as a hand drawn diagram, the early charts were a static representation 

of the schedule, not dynamic to display effects of changes in the schedule. The concepts 

embedded in bar chart continued to develop through to the 1970s and 80s when sophisticated 

mechanical and magnetic strip óbar chartsô were developed, (Weaver, 2006). Some tools such 

as Planalog included elements of CPM or PERT logic in the form of ófencesô that constrained 

the times that óbarô could be moved. These constraints defined the early and late dates in the 

schedule. In parallel with the development of bar charts, flowline planning was developed in 

the 1930s or earlier and milestone charts were also in regular use by the 1950s. Major 

contracts were divided into sections with target dates set for accomplishing the work required 

to achieve each ómilestoneô. All the dates and durations are determined not based on 

scientific analysis, but they are based on heuristics (rules of thumb) and/or experience.  
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Figure 4. Adamieckiôs Harmonygraph.  
Source. Weaver, (2006).  
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It was possible to identify slippage but any assessment of the impact of a delay was based on 

a personal, subjective view of the data rather than a scientific analysis. Consequently when 

schedule slippage became apparent on major contracts, the tendency was to flood the work 

with labour and óbuytimeô frequently at a very high premium. Independent of the 

development of schedule control processes based on bar charts and milestones charts, work 

on linear programming had been going on for a number of years. This branch of mathematics 

looked at the cause and effect of actions on each other. One of the mathematicians involved 

in this work then was James Kelley, (Weaver, 2006).  

         The origin of CPM is traced to mid-1956.  E.I. du Pont de Numours (Du Pont) was 

looking for useful things to do with its óUNIVAC 1ô computer (this was one of the very first 

computers installed in any commercial business and the third UNIVAC machine built). Du 

Pontôs management felt that the computer could have good application in planning, 

estimating and scheduling. Morgan Walker was given the job of discovering if a computer 

could be programmed to help in these regards. Others had started studying the problem, 

including other researchers within Du Pont but no one had achieved a commercially viable 

outcome. In the period from late 1956 through to April 1957, Walker, assisted by Kelly and 

others had scoped a viable project. Their challenge was to solve the time-cost conundrum. 

They could demonstrate that in preference to flooding a project with labour to recover lost 

time, focusing effort on the órightô tasks could reduce time without significantly increasing 

cost, (Weaver, 2006b). The problem then was identifying the órightô tasks!  

         The production of a construction plan starts when a construction planner receives the 

drawings, specifications and the bills of quantities for a project. These three important 

documents must provide all such necessary information as architectural, structural and 

services drawings, needed to appreciate the project scope and to propose an initial 

construction schedule for achieving the works. The planning of construction work is a 

continuous iterative process with different milestones or stages, (Gidado, 2004). At each 
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milestone, certain planning deliverables are produced, as illustrated in Table 2. The plan 

should show most or some of the components listed under such major headings as: 

programming and scheduling, method statements, organisational and systems set up, site set 

up and layout illustrated in Table 2.  From the main contractor's point of view, the milestones 

are normally: pre-tender, tender, pre-contract, contract, pre-construction, construction, 

commissioning, and post-construction stages. The Process Protocol Map (1998), in Gidado 

(2004), refined these stages and considered them in four phases: pre-project, pre-

construction, construction and post-construction, as illustrated in Figure 5.   

       The scope of scheduling discussed in this thesis is concerned with phases five, six and 

seven, shown in Figure 5, i.e., the scheduling done during the pre-construction and 

construction phases. If the traditional procurement method of design-bid-build is adopted, it 

is assumed that the contractor is solicited when detailed design and job-site production 

information are complete. During phases five and six at tendering, the contractor is expected 

to produce some, but ónot too detailedô construction schedule at least as guide for assessing 

the project on-cost and to determine the likely completion date. After, contract award the 

schedule produced in phases five and six should now form the basis of developing a more 

detailed schedule for constructing and completing the works in phase seven. This phase is 

important because significant financial and contractual commitments are made. This is the 

post-contract stage. The planning that is carried out at this stage of the project is supposedly 

intensive.  
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Table 2        

Construction Planning Deliverables.   

 

      Programming                                                                                               Organisational                                  Site Set Up  

      & Scheduling                                     Method Statements                          & Systems Set Up                               & Layout  

 

1a. Master Programme  

 b. Detailed Programme                             

 c. Short-Term Programme  

2. Scaffold Schedule  

3. Plant Required Schedule 

4. Labour Histograms   

5. Costs Curves  

6. Information Reqd. Schedule  

7. Sub-contractorsô Schedule  

8. Reporting Freq. Schedule  

9. Completion Dates  

10. Lead Times   

11. Earned Value Analysis 

1.Work breakdown  

    Structure  

2. Work Packages  

3. Interface Management  

4. Methods of Principal Operations  

5. Formwork General  
    Arrangement  

6.Temporary Works  

7. Construction Joints  

8.Vertical & Horizontal Transportation   

9. Mix Designs  

10. Resource Allocation  

 

1.Managerial Staff required                                    

2.Project Staff and Other Partiesô 

   Roles & Responsibilities  

3.Communication System  

4.Quality System  

5.Safety System  

6. Monitoring System 

7. Controlling Systems  

8. Site Meetings   

9. Daily Diary  

10. Environmental Impact   

1.Access & Traffic  

2.Material Store &  

   Handling  

3.Administrative  

   Buildings & Facilities  

4.Plant & Workshops  

5.Temporary Services  

6. Safety Signs  

7. Site Security  

8. Maintenance  

 

 

                         Source: Gidado, (2004)  
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The content and detail of plans produced normally depend upon the experience and 

knowledge of the planners as well as the contractual requirements to be fulfilled. The post-

contract plan forms the basis upon which cost estimates of major items of work are derived. 

The actual integration of design and construction intensifies to its maximum during this 

phase shown as phase five in Figure 5. It is also at this phase that the monitoring, controlling 

and feedback systems necessary for the production process are set up. The construction 

planner should identify the type and the amount of construction works and their associated 

resources. The knowledge of the planner is required at this stage to produce the activity types 

in a list and their work breakdown structure, as well as provide information on the technology 

required to construct the various work tasks. Alshawi and Hassan (1999), illustrates in Figure 

6 the broad form of activities involved in construction planning and scheduling at the pre-

construction phase. 

         Figure 6 shows information required to generate construction schedules. The 

relationship between construction planning and other aspects of construction such as 

estimating, interim valuation, site layout planning, plant selections, constructability analysis, 

is illustrated in Alshawi and Hassan, (1997). This pre-construction planning process is similar 

to that shown in Menches and Awad, (2006), in which sixty nine significant pre-construction 

planning activities were identified. Table 3 illustrates these 69 activities which are further 

sub-divided into ten categories: (1) team selection and turnover, (2) scope and contract 

review, (3) administrative setup, (4) buyout process, (5) material handling plan, (6) budget 

preparation, (7) layout and sequencing plan, (8) schedule development, (9) tracking and 

control, and (10) construction execution kick-off meeting.    
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Phase Title      Pre-project              Pre-construction    Construction    Post-construction                                                                                  
                          Phases                       Phases                  Phases                                                                                                                                            

 

Demonstrating 
the Need  

 
 
Inception            

and Brief 
 

 
Feasibility                                                                                                                                                      
 

 
Outline                                                                

Proposals  
 
 

Detail                                                                                  
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In Figure 6 the round-cornered boxes represent processes, while three-dimensional boxes 

represent real life objects which flow between processes. The arrows pointing out of a 

process box show the output of the process while arrows pointing into a process box show the 

input to the process. The shadowed rectangular boxes represent external agents (external to 

the field of interest) which are required by the domain. The different shades in the process 

boxes show the other construction domains with which the construction planning domain 

interacts.  

         Figure 6 shows an object flow diagram which represents an overall picture of 

integration between construction planning and the other domains (estimating, interim 

valuation, site layout planning, plant selections and constructability analysis etc). It brings 

together the processes of various disciplines along with their relationships. The unshaded 

processes at the centre and the bottom left of Figure 6 show the planning processes. Its 

relation with materials and plant management is illustrated at the top right corner of the 

figure. The need for the analysis of availability of site space is shown at the bottom right. The 

strong link between estimating and planning is demonstrated at the top left corner of the 

figure.    

         To communicate the initial outline plan to other disciplines the planner: (a)  Produces 

activity and resource plan (b) Proposes plant for various construction activities and (c) 

Proposes a detail construction plan.  In order to examine the efficiency of the outlined plan, 

and to remain consistent with other aspects of the construction process, the outputs of these 

three planning processes are sent to other applications to check for suitability and to obtain 

other information such as costs, resources and the construction methods to be applied. For 

example, the output of the proposed construction planning process, i.e. the construction 

schedule is sent to the material manager who determines the availability of the selected 

materials and produces material orders, delivery times and schedules. This information is 

then fed back to the construction planner.   
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Figure 6. Object Flow Diagram of Construction planning          
Source: Alshawi and Hassan.  (1999)  
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Meanwhile, the output of the activity and resource plan is sent to the estimator to produce 

resource data and calculates the bill rates as shown in Figure 6. On the other hand, the list of 

plant for construction activities is sent together with the construction schedule to the plant 

manager who proposes plant space requirement. The output of this process, i.e. the plant 

space evaluation is sent to the site manager who approves the availability of space for such 

plant at the required time. Once the suitable plant on site is received by the plant manager, he 

informs the construction planner of the plant to be used. Once the final plan has been agreed 

by all relevant parties, the construction planner then produces the construction schedule in 

line with constructability analysis and specific contract requirements.  

         The construction scheduling process as discussed in Alshawi and Hassan (1997 & 

1999) and shown in Figure 6 is accomplished using different scheduling techniques and 

different pieces of scheduling software. Galloway, (2006) observes that very few persons 

know how to use these techniques and pieces of scheduling software properly. She contends 

that scheduling practice is done on a hit or miss basis without regards to best practice 

standards proposed in Galloway, (2006b).  The question every project manager needs to 

answer is that why are more than 90% of projects run using 18th century reactive bar charts 

and the vast majority of the remainder run using 60 year old deterministic CPM based 

approaches, none of which offer any form of proactive predictive assessment that may show 

and or improve the probability of project completion on the due date.  
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Table 3 
A Conceptual Preconstruction Planning Process   
 

                               Activity                  Activity  
      Stage                 Category                 No                       Activity Description    

 
Bid preparation    

 

 

 

 

 

Management  
team selection  

Cost estimating 

 

 

 

 

 

 

 

 

 
Preconstruction  
Planning                 

 

 

 

 

 

 

 

 

          

Scope review  

 

 

 

 

Schedule review  

 

 

  

 

 

 

 

 

 

Bid submission  

                             
Team selection 
and turnover  

 

                   

 

 

 

 
Scope and  

contract review  
 

          

1. Review plans and specification for project 
      requirements  

2. Conduct site visit 

3.Create a list of questions that need to be 
   answered or issues  that need to be resolved 
   before submitting bid  

4. Review customerôs schedule and timeline  

5.Think about and tentatively select project 
    manager and field supervisor  

6. Prepare quantity take-off  

7. Develop bill of materials  

8.Solicit pricing from subcontractors / suppliers 
     and vendors  

9. Determine estimated work hours  

10. Establish crew size, labor ratios, and/or average  

       Labor  rates  

11. Develop cost code scheme  

12. Prepare scope letter or proposal and submit to 
      customer  

                    
13. Finalize selection of project manager, field 
      supervisor, and other key team members                                                        

14. Hold turnover meeting between estimator and 
      project Manager  

15. Hold separate turnover meeting between project  
       Manager  team and field supervisor  

16. Hold pre-job (planning) kickoff meeting with 
      internal members to assign responsibilities 

17. Review contract for unfavorable or high risk 
      clauses  

18. Project manager reviews plans, specifications, and  
      Schedule  

20. Create a list of issues that need to be resolved and  
        begin  the request for information (RFI) process  

 

 
 



46 
 

 

Table 3 Contd.  
A Conceptual Preconstruction Planning Process   
 

                                         Activity              Activity  
      Stage                            Category             No                   Activity Description    

  
 

 

 

Administrative setup          

 

 

 

 

 

 

 

 

 

 

 

Buyout process  

 

 

 

 

 

 

 

 

 

Preconstruction  
Planning  

 

 

 

Scope and  

contract review  

 

 

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material  
handling plan  

Budget  
Preparation  

 

21. Conduct site visit  

22.Compare estimated work activities to 
     planned performance  

23. Identify value engineering and  
     prefabrication opportunities and how to 
      simplify the work  

24. Prepare construction take-off  

25. Set up project files and create contact list  

26. Set up computerized tracking and control 

     System (forms, database, schedule, tracking)  

27. Initiate a change management system  

28. Initiate a request for information (RFI) 
     tracking and processing system 

29. Initiate a submittal tracking and processing 
     system  

30. Develop a ñlabor requirements and 
     expectationsôô  

31.Review subcontractor/supplier/vendor pricing 
     and qualifications  

32. Negotiate pricing and contract conditions and 
     select Subcontractors / suppliers / vendors  

33. Develop and issue purchase orders and 
      contracts for materials and equipment   

34. Order long-lead-supply materials and 
      equipment early  

35. Request submittals, cut sheets, and shop 
      drawings 

36. Develop and process log book of submittals, 
      cut sheets,  

37. Develop material delivery and handling plan  

38. Develop material storage and staging plan                               

39. Develop, review, or expand cost code scheme  

40. Develop budget by breaking down labor, 

      material,  overhead, and profit costs                                
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Table 3 Contd.  
A Conceptual Preconstruction Planning Process   
 

                                 Activity                  Activity  
  Stage                        Category                 No                     Activity Description    

  
 

Layout and  
sequencing plan 
 

 
 

Schedule  
Development  
 

 
  

 
 
 

 
 
Tracking and  

Control  
 

 
Construction  
Execution  

kickoff meeting  

 

 

 

 

 

 

Jobsite                          
Management 

Planning  
 

  
 
 

 
 

Budget  
Preparation  

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 
Mobilization  

 

Administrative      

Setup  
 
 

 
 

41. Develop schedule of values 

42.Develop installation sequence and layout drawings  

43. Develop field instructions, including panel, pull,  

    or conduit schedules                                                                

44. Develop prefabrication drawings for field use 

45. Review customerôs schedule and timeline  

46. Identify work that impacts electrical activities  

47. Review the work sequence and long-lead-supply 
      material/equipment delivery dates    

48. Coordinate electrical schedule with the customerôs  
        schedule  

49. Create a bar chart schedule  

50. Customize the computerized tracking and control  

system (database/schedule/etc.) for the current project  

51. Develop labor and materials tracking report                                                             

52. Review meeting schedule  

53. Review request for information (RFI) process  

54. Review change order process and field change  

      management process  

55. Review submittal processing procedure 

56. Review billing and invoicing procedures 

57. Review project and field reporting and tracking  
       procedures 

58. Review electrical and customer schedules  

59. Mobilize and set up the jobsite (site huts,  
      telephones, water first aid, etc.)                                                                                          
 

60. Set up field files, document control system, and  

       as-built record keeping  

61. Customize the computerized tracking and control  

system(database/schedule/etc.) for the current project                                                                      

62. Review customer coordination meetings schedule  
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Table 3 Contd.  
A Conceptual Preconstruction Planning Process   
 

                              Activity             Activity  
  Stage                     Category            No               Activity Description    

   

Scheduling  

and Reporting  

 

 

Labour              

Management  
Plan  

Administrative 

Setup  
 

 

  

63. Review or establish look-ahead scheduling process  

64. Review daily reporting requirements  

65. Establish / review subcontractor start and finish Dates  

66. Identify tools / special tools and equipment  

      Requirements  

67. Evaluate and plan crew size or crew mix  

68. Forecast weekly crew requirements  

69. Develop labor hours reporting process  

Source: Menches and  Awad,  (2006) 



49 
 

 

Since the invention of the classical CPM in the 1950s, it has been widely used for project 

planning in diverse industries and it has been further developed to ensure more reliability, 

(Lee and Arditi, 2006). One of such development is the project evaluation and review 

technique (PERT) which uses probabilistic time estimates to aid in determining the 

probability that a project could be completed by a defined due date. The other is the 

stochastic discrete event simulation approach.  Both techniques identify a project critical path 

which shows activities the start of which cannot be delayed, and other slack or floated 

activities the start of which can be delayed within limit without lengthening the project 

completion time. Deterministic CPM is easy to use for the purpose of project control. 

However, lack of flexibility and uncertainty considerations limit its effectiveness, (Lu and 

AbouRizk, 2000). Most industry professionals view such an analytical method as potentially 

hemming them into a fixed definition or performance, (Halpin, 1998). This óstraight jacketô 

based on theoretical assumptions such as the estimated normal activity duration and project 

completion time is not attractive to practitioners who are used to incorporating personal 

experience and the ever-changing actual site conditions into the scheduling decision making 

process. This reflects the early (1970s) reaction to CPM scheduling. Most professionals were 

against its use as CPM was viewed as enforcing arbitrary or unattainable goals in 

construction scheduling, without consideration of activity specific attributes, resource 

specific attributes, and project specific attributes, (Halpin, 1998). In most cases it was viewed 

as promising the impossible because practical considerations of start dates have not been 

made.  

         PERT is thought of as an improvement to the CPM. Though it incorporates uncertainty 

and risk analysis, it is still not fully accepted by practitioners because of its underlying 

theoretical assumptions, (Lu and AbouRizk, 2000). Lu and AbouRizk further opines that 

based on the central limit theorem of statistics, the classic CPM / PERT analysis takes into 

account the uncertainty of activity duration. However, the PERT calculated mean project 
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time is always an underestimate of the true project mean, (Ahuja et al. 1995 in Lu and 

AbouRizk, 2000). This bias in the mean estimate is called the ómerge event bias.ô Ahuja et al. 

(1995), in Lu and AbouRizk. (2000), gives a thorough analysis and theoretical explanation of 

the PERT drawbacks and argue that the solution to the PERTôs inherent problems is to 

conduct the network analysis through a formal stochastic simulation study. In such a study, 

the true properties of the activity duration distributions (including all of its statistical 

descriptors such as mean and variance) are used, and the concept of activity criticality rather 

than path criticality is used to overcome most of the PERT shortfalls, (Ahuja et al. 1995). To 

perform PERT analysis through simulation, two relevant issues need to be studied carefully. 

They are (1) How to determine the critical path; and (2) How to model activity duration 

stochastically.  In classic CPM analysis, earliest start time (ES), latest start time (LS), earliest 

finish time (EF), latest finish time (LF), and total float (TF) must be documented for every 

activity. The criticality of an activity is decided based on TF. The classic CPM analysis is 

straightforward and effective only for simple and small-scale CPM networks.  However, with 

complex, large-scale CPM networks one with great number of nodes and activities, the 

classic CPM algorithm becomes cumbersome and inefficient for two reasons, (Lu and 

AbouRizk, 2000). First, the duration for all the activities must be tracked and stored during 

the forward pass calculation to conduct the ensuing backward pass calculations. Second, five 

time attributes (ES, EF, LS, LF, and TF) must be calculated prior to determining the 

criticality of an activity, this is because the most critical parameter affecting cost is time, 

(Suhanic, 1980). 

         Pritsker et al. (1989) in Lu and AbouRizk. (2000) presented an approach to PERT 

simulation in which the backward pass is processed as a óreversedô forward pass. To have the 

same time duration for backward and forward passes for each activity of the network, a 

separate random stream number is used to generate the duration for each activity. Pritsker et 

al.ôs approach still falls into the category of the classic CPM in that the activity criticality is 
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determined based on the TF of an activity. Pritsker et al. (1989) pointed out that after a 

sufficient number of simulation runs, a ranking of the activities by high value of average 

slack (TF) time becomes a possible method for ordering the activities that can be delayed. A 

more appropriate ranking is based on the ratio of the average slack time to the standard 

deviation of activity duration. A higher ratio would indicate that there is less likelihood that 

the average slack time will be exceeded due to the value of the basic variability inherent in 

the performance of the activity. A low ratio indicates there is little leeway in the start time for 

the activity. This understanding is important in applying early start or late start schedule 

options differentially on the different project tasks. This is why Pritsker et al. (1989) 

concludes that there is a large positive correlation between the ranking of critical activities 

based on the ratio of average slack (TF) to activity duration standard deviation and the 

criticality index. They define criticality index (CI) for an activity as the tendency of the total 

float of the activity to quickly become zero. The activity with lower TF has higher criticality 

index than those with higher TF.   

 

2.2.1 Construction Planning Versus Construction Scheduling  

Project planning and scheduling, although are allied disciplines, they are not the same, 

(MOSAIC, 2009c). Project planning is a teamsô work. It involves the management team, the 

estimating team, the cost control team, the design team and the project planner in developing 

the project implementation strategy. Whereas scheduling involves the interpretation of the 

results of project planning by using appropriate software tools and techniques to ascertain, 

amongst other things, the start and finish dates of activities and their sequence. Scheduling 

means applying a timescale to the plan. Whereas a project plan shows the sequence  and  

inter  dependencies  of  activities,  their  duration  and  their possible earliest  and  latest 

completion  dates, the schedule must now show the agreed start and end dates of each project 

task. Scheduling is said to be the process which completes the planning process. And it 
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continues during production operation. It is not good practice to plan the work while 

attempting at the same time to schedule it. Project planning involves the scheduler working 

with the project team to make decisions concerning:  

    1. The overall strategy of how the work process is to be broken down for control,  

         known as the work-break-down structure  

    2. How the control is to be managed  

    3. What methods are to be used for procurement and construction  

    4. The strategy for subcontracting  

    5. The interface between the various participants or stakeholders  

    6. The zones of operation and their interface and  

    7. Risk and opportunity management     

After planning, according to MOSAIC, (2009c), the scheduler should work with all 

stakeholders particularly the foremen responsible for field operations to determine:   

        a) The duration of the activities  

        b) The party who will perform the activities  

        c) The resources to be applied to the activities  

        d) Sequencing of the activities and  

        d) Start and end dates of all activities, considering imposed dates or applied  

             constraints   

 

2.2.2 Purpose of the Project Schedule  

Research shows that scheduling makes little difference to successful time outcomes of simple 

or small projects. But it is critical to successful time outcomes on complex projects, (Weaver, 

2005). A good construction schedule may not guarantee project success because 

implementation strategies may mal project success. But a bad schedule is a sure precursor to 

project failure particularly on complex and large projects.    
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Traditionally, construction scheduling should ensure that man-hour requirements, machine-

hour requirements, duration of key activities, and the duration of site on-costs are optimized. 

A key concern of construction scheduling is to develop an achievable programme for the 

works within a minimum time on the jobsite thereby minimizing administrative costs and 

other site on-costs. As much as possible, the schedule should proactively mitigate both 

envisioned and unenvisioned disruptions. This is done by the differential application of early 

or late start schedules addressed in this thesis. The competitive nature of the construction 

industry has motivated many builders to search for ways to improve efficiency so as to 

decrease their costs. As a result, contractors are turning to better planning and scheduling as 

means for improving efficiency and consequently, increase their profitability. In fact, there is 

a consensus in the construction industry that more formalized construction scheduling is 

necessary to remain successful in an increasingly competitive industry. Menches and Awad, 

(2006) observes that effective scheduling correlates well with project outcome. They provide 

evidence that better scheduling is, indeed, related to successful project performance by 

developing an index which shows how closely activity start variance matched better cost and 

schedule performance. This is similar to the posit of Carr, (1993), that comparing activity 

start variance with cost variance, schedule variance, resource idle time, resource requirement 

variance and productivity variance may show a defined trend that the more the activity start 

variance, the more will be the cost variance, etc. The lower the activity start time variance, 

the better the cost and schedule performance, (Menches and Awad, 2006).  Activity start time 

variability indeed results in increased direct as well as indirect cost because of the óoff-onô 

movement of crews and possible idle crew time.  

        Indeed high variability in activity start dates will increase the uncertainty of project 

completion on the due date. Therefore it needs to be avoided proactively before it occurs. 

Effective construction scheduling is thus shown to considerably reduce project cost. It can 

improve labour productivity, minimize the effect of numerous unavoidable changes and 
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maximize resource utilisation on the jobsite. There is no gainsaying that effective 

construction scheduling improves the contractorôs efficiency to meet the building ownerôs 

time requirement and ensure sufficient capacity to meet contractual obligation, (Hoyle, 

1998).  Schatteman, Herroelen, Van de Vonder and Boone, (2008) also contends that 

effective construction scheduling can significantly reduce the cost of activity start time 

disruptions and produce a stable proactive baseline schedule that is sufficiently protected 

against anticipated and unanticipated disruptions that may occur during project 

implementation.  A sound schedule is key to a successful project. The purpose of the project 

schedule is to provide a useful óroad mapô that can be used by the project manager and the 

project team to assist in completing the project successfully on time and within budget, 

(MOSAIC, 2009a). The schedule is a dynamic tool developed by the scheduler, with input 

from other project stakeholders that reflects their vision of how the project will be performed 

and react appropriately to changes in progress and scope, etc. A well-developed project 

schedule is a dynamic tool that can be used to predict when the project work can reasonably 

be expected to be accomplished. Simultaneously, it allows the project team to look at the 

performance of the project to date, and use that data to make accurate projections about 

remaining work and take actions in the future to progress the works to a scheduled 

completion.  

         MOSAIC, (2009a) observes that it is important to remember that because time is fixed, 

it cannot be ócontrolledô. There will always, only ever be 24 hours in a day and these run 

sequentially! What the schedule can do is help the project team manage the use of available 

time in a coordinated manner that events occur as planned with minimal start and finish date 

variance. A useful project schedule should therefore describe:   

           i)  What work is to be done,  

          ii)   Who will do the work, and 

          iii)  When it should be done, the timescale.  
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óHowô to do the work is defined by other documents in the overall project plan as defined by 

the PMBOK Guide. When developing the project schedule, it is important to remember that 

the schedule cannot ócontrolô the work of a project (and neither can the project management 

team), the people who ócontrolô the work are the workers. Management can only influence 

the workers and the schedule should be the guide management uses to determine what 

influence to bring to bear on the workflow. Establishing a realistic and achievable project 

schedule therefore is one of the important requirements for project success.   

         Building and civil engineering construction projects involve elaborate logistics. Trying 

to satisfy the requirements for on-time completion, within-budget, and to-specification, poses 

enormous challenge. To meet that challenge, construction projects require a sound and 

achievable schedule; and a consideration of in-process project performance as well as on-

completion project performance. As noted earlier in Galloway, (2006), current construction 

scheduling practice is done on a hit or miss basis, often without a predetermined desired 

project outcome in view. The schedule should serve as an accurate prediction of the future 

that is capable of controlling future performance. The imprecise nature of predictability of the 

schedule about what may happen in the future due to the óhit or missô approach should be 

minimized. This means that the extent of errors in the schedule, that event may not occur as 

planned; the systems proposed to manage these inevitable inaccuracies; and the resulting 

information to be used to proactively influence the future direction of work on the project, 

must be well thought out early in the scheduling process. MOSAIC (2009b) noted that 

different scheduling software tools options may produce different project performance 

outcomes. For some activities, the forward pass and backward pass dates will be the same, 

i.e., activities with zero float. If these activities are delayed, the entire project will finish late 

pro rata. Other activities have various degrees of flexibility (called float) over which their 

start or finish may be delayed without delaying the completion of the project. This means 
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certain of the construction activities may be scheduled to start ñas early as possibleò or ñas 

late as possibleò within the float time.  

         External time constraints such as ñstart no earlier thanò or ñfinish no later thanò may 

also be applied on certain activities, subprojects, or the entire project. For instance, an 

activity that requires a special type of machinery or building component or materials cannot 

start until the machinery or building component is available on the job-site. Such project 

characteristics and constraints are important consideration for a realistic simulation of 

construction projects schedules, (Chassiakos and Sakellaropoulos, 2005). This is why 

Kaelble, (2014) posits that understanding constraints in CPM scheduling is key because they 

are used to artificially drive the schedule dates. This opportunity to delay the start or finish 

timing of an activity without impacting the projectôs overall completion date is a key tool for 

the project team to resolve resource problems, information request and information release 

problems and other such project issues. Positive float values are an indication of the degree of 

scheduling flexibility in the schedule for use in subsequent analysis associated with resource 

smoothing and levelling and/or to absorb performance delays associated with floated 

activities. It should be noted that float is not a óspare timeô it is a creation of the CPM 

schedule development process. This is why Weaver (2002), posits that simple changes in the 

way schedules are developed, implemented and managed can yield important improvement in 

the project performance. The various options available to develop the construction schedule 

have different effects on how the schedule will eventually perform. For instance Carl and 

Timothy (2013) and Jerry (2011) show that different options; of early start time, or late start 

time constraints of project activities have different effects on the schedule performance. It is 

important to consider the effects of these both on the resource idle time and the total project 

duration. Carl and Timothy (2013) and Jerry (2011) further contend that an appropriate 

choice might improve the effectiveness of the schedules developed ensuring more accuracy 

of the forecast dates that events occur as planned. Every schedule loses relevance over time if 
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tasks are completed earlier or later than planned. Or tasks are performed out of planned 

sequence making planned dates inaccurate and not serving the purpose for which they are so 

defined, (Weaver, 2002). This shows that assumptions made when establishing the initial 

schedule are wrong due to the amount and reliability of information available at the time. If 

nothing is done, the relevance of the schedule as a management tool is eroded, and is not 

good for the purpose.  MOSAIC (2009b) concludes that there are four important 

contributions of the construction schedule:  (i) Project and process facilitating (ii) Time 

budgeting (iii) Risk minimising and (iv) Cost saving 

 

2.2.3 Project and Process Facilitating   

The schedule is said to be a key ófacilitatingô instrument for achieving the project. This is 

because its development involves talking to and questioning all key stakeholders and drawing 

all the different areas of specialist knowledge into a one cohesive, integrated whole. 

Essentially securing and integrating their approval into the scheduling process.  Essentially 

the schedule develops an effective ótime envelopeô for the project in exactly the same way the 

architectural design is a óphysical envelopeô of a building that meets the needs, aspirations 

and constraints of the project team and other key stakeholders. The project schedule should 

meld the ideas and aspirations of key stakeholders into a coherent, logical and feasible 

project schedule. Philosopher Friedrich von Hayek (MOSAIC, 2009c) argues that all 

knowledge is partial and the closest one can get to the complete knowledge comes from the 

aggregation of as many partial understandings as possible. The Schedule facilitates the 

exchange, sharing and aggregation of knowledge from all of the various aspects of the project 

to develop and disseminate the most complete understanding of the time planning and time 

management aspects of the project. This is demonstrated by the fact that the schedule 

highlights different areas and shows how their work plans fit in with each other, enabling 

work to flow smoothly across the project. Also, the Schedule enables the project manager and 
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other stakeholders avoid potentially costly conflicts between different areas, facilitating the 

allocation and sharing of resources across the entire project.                             

 

2.2.4 Time Budgeting  

Financial budgeting is a method by which cash inflows and cash outflows of an organisation 

are tracked and managed. A key responsibility of the schedule is to develop and manage 

ótime budgetsô. This involves estimating the overall duration of the project and each of its 

components. The project schedule identifies the critical path for a project and helps to ensure 

that work flows in the most efficient and cost effective manner and is accomplished in time to 

meet the due date to release the builder from incurring more unnecessary on-cost.   

 

2.2.5 Risk Minimising   

Many projects have in-built penalty clause that provides for the payment of liquidated 

damages if the project is not completed on the due date. And even without liquidated 

damages, it is noted that the cost of time over-runs are substantial to the contractor. The 

schedule can assist, at the start of a project, to ensure that realistic, achievable end dates are 

established, and that feasible target dates are set and met throughout the duration of the work. 

This way the due date remains attainable. The schedule can provide early warning if areas of 

work are likely to slip behind schedule and can assist project managers on the optimum 

reallocation of resources to enable late work to be caught up. Adequate and effective 

planning therefore is of prime importance in project risk minimisation process that events 

may occur as planned.  

 

2.2.6 Cost Saving  

The Schedule is a key means of optimising the project costs. Many projects remain 

profitable, or viable, only if they are completed on time. Any number of factors can mean 
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that a late project is a loss project; and reducing the risk of time blowouts is a sure way to 

save money. A competent Scheduler can foresee risks and advise on appropriate actions to 

avoid or minimise them proactively ahead of time. The role of the Scheduler is of immense 

value to any project as an 'ideas person' at the time the project is being conceived, developed, 

planned and set up, through monitoring and controlling the execution of the project to 

optimise performance. In short, the schedule should become an integral part of the Project 

Management tool.  

 

2.3 DEVELOPING THE CONSTRUCTION SCHEDULE  

Based on the decisions made during project planning, the project schedule requires specific 

planning and design in the same way every project deliverable like the architectôs design is 

planned and designed. To create a useful tool for controlling the time progress of the project 

and communicate information regarding the planned work and progress, the project team 

needs to consider a number of factors and seek to optimise the outcome. Some of the key 

questions to consider in developing the construction project schedule are:  

(a) What are the scheduling standards and best practice to adopt?  

(b) Determine if óone scheduleô is adequate or if a number of óLevelsô are needed to  

      facilitate the schedule development and management processes. Then for each  

      schedule determine:  

(i) What is an appropriate level of detail to use for the activities? Too much detail produces 

confusing and overly large project schedule that is difficult  to understand and too expensive 

to manage; too little detail on the other hand means there is  insufficient information for on- 

going management of the project. (ii)  What is the preferred scheduling approach to use; 

deterministic, probabilistic or stochastic? (iii) What is an appropriate cycle for statusing and 

updating the Project Schedule? The period between updates needs to be long enough for the 

information from the last update to have been issued to the project team and for the team to 
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have had a chance to act on the new information prior to the next status. Also the updating 

period should be long enough for work to have progressed sufficiently to generate enough 

process or progress data warranting action. The choice of cycle time is influenced by the rate 

of change in the project. For relatively stable, low risk projects a monthly or fortnightly status 

or review cycle may be appropriate. For volatile, high risk projects, updates may be required 

at every change of shift. (iv) What ótimescaleô should be used for durations: days, weeks or 

even months?  

         The optimum answer depends on the frequency of the control processes and the level of 

detail needed in scheduling the activities. There is no right or wrong answer to these four 

questions, only the answer for the particular project scenarios should be sought. And the best 

answer will be influenced by the current phase of the project (feasibility, planning, or 

production phase), the culture and business norms of the company, and most importantly, the 

stakeholders the schedule needs to inform and influence. The different scheduling practice, 

different level of details, preferred scheduling approach, appropriate cycle of statusing or 

updating and scheduling timescale may vary based on company size, type of construction, 

and annual construction budget/revenue. Such information may reveal a wide representation 

of the construction industry surveyed and help to determine the best scheduling alternatives 

for a specific project before it starts. And based on the different scheduling alternatives 

considered, it may be possible to track manpower and equipment costs for the entire project, 

per activity or per work section.  Reduced delays, reduced activity start variance, reduced 

activity finish variance and reduced work disruptions are results of effective scheduling. This 

is why Galloway (2006) strongly contends that there is a need for evolving standards in CPM 

scheduling. However, there is no consensus as to who should develop these standards 

because there is a diversity of users: building owners, contractors, subcontractors and 

consultants etc. The need for best practice guidelines developed for these stakeholders is 

imperative. This is because CPM scheduling, and indeed scheduling generally using different 
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pieces of scheduling software like the MS Project, Primavera project planner etc, do appear 

to be mostly taught and learned by on the-job method. And often this type of training is 

without consideration of well-defined and well established best practice standards. This 

results in non-standard development, usage, and interpretation of results from CPM 

scheduling process. Galloway (2006), concludes that professional organizations such as 

AACEI, ASCE, CMAA, AGC, PMICOS, NDIA (see list of abbreviations in Appendix A3) 

need to come together in coalition to address what is required to evolve best practice 

standards for CPM scheduling so as to provide a more trusting atmosphere and basis from 

which all stakeholders in the construction project can rely with respect to CPM scheduling.  

The key steps in designing the project schedule are:  

      a). Intelligence gathering, know what information is available and what is needed to  

          answer the questions posed above.  

      b). A design summit where management and the scheduler agree the major  

           compromises and parameters needed to form the schedule to facilitate effective  

           management of the project.   

       c). Creation and adoption of a specification for the schedule that will guide its  

            development and on-going maintenance (including change control processes).    

PMI (2000) in Galloway (2006 b) defines project time management to include the processes 

required to accomplish timely completion of the project. These are listed as:  

Activity definition: Identifying the specific activities that must be performed to  

construct and complete the project;  

     (2). Activity sequencing: Identifying and documenting interdependencies;  

     (3). Activity resource estimating: Estimating resources required for each activity; 

     (4). Activity duration estimating: Estimating the number of work periods that  

           will be needed to complete individual activities;   

     (5). Schedule development: Analyzing sequences, activity durations, and resource  
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         requirements to create the project schedule; and 

     (6). Schedule control: Controlling changes to the project schedule during field 

            operation.  

The time management processes reported in Galloway, (2006b) listed the basic elements of 

Schedule development as defined by the PMBOK. Figure 7 shows these as:  

      a) Project network diagrams  

      b) Activity duration estimates  

     c) Resource requirements 

     d) Calendars  

     e) Constraints (imposed dates on activity start and/or activity finish)  

    f) Assumptions  

    g) Leads and lags and 

     h) Risk management plan   

Galloway, (2006b) further points out that schedule development topics taught in 200 

universities in the USA and Europe did not adequately cover issues of constraints 

considerations (imposed dates on activity start and or activity finish). This finding explains 

why most scheduling engineers apply only the default options in constraint scheduling, since 

the training has not adequately addressed this aspect.  

 

2.3.1 Methods and Techniques for Construction Scheduling  

While CPM has been used extensively due to its simplicity, PERT has seldom been used, 

(Lee, 2005). A network is comprised of activities that make use of resources and require time 

to complete. The total project duration is obtained by computing earliest start and finish times 

for each activity. The method of calculation is available in such publication as, Barrie and 

Paulson, (1992). As a basic principle, it is obvious that the more resources allocated to an 

activity, the shorter the time needed to accomplish it. Though each activity requires diverse 
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resources, it can be said that time is the most important factor in scheduling. Three important 

elements of scheduling which are time related are:   

(i) Activity duration time  (ii) Activity start date and  (iii) Activity finish date.  

CPM is deterministic while PERT is probabilistic or stochastic in that variability and 

uncertainty are considered in the duration of each activity. It means PERT assumes that the 

duration of each activity is represented by a random variable with a known probability 

density function (PDF). PERT extends CPM concept by introducing the idea of uncertainty in 

estimating activity durations. PERT uses expected mean times with standard deviation or 

variance. The expected mean times (te) of an individual activity is an estimate having an 

approximate chance of 50% success. Three time estimates used in PERT are:  

(a) Most likely (m), (b) Optimistic (a), and (c) Pessimistic (b) durations  

These are required for each activity to improve the accuracy of the scheduling process, 

(Khisty and Mohammadi, 2001). But PERT has also been criticized for systematically 

overestimating the total project duration. That is why a new methodology is required to 

increase the accuracy of scheduling project activities. As stated by Crandall (1977), the most 

reliable method of predicting the total behavior of a network comprising of probabilistic 

activity durations is simulation. To complement the PERT system, simulation can be applied 

to run a network a certain number of times. Complementing the existing approaches with 

simulation can reduce the errors that might be introduced by the PERT assumptions reported 

by MacCrimmon and Ryavec (1962) and Van Slyke (1963).  
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Figure 7.  University Course Usage of PMBOK Time Management Topics  
Source: Galloway, (2006b)     
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 The probability density function (PDF) of the duration of a construction activity is unknown 

and needs to be selected depending on the type of project. In general, the variability of the 

time estimates of an activity can be assumed to follow a Beta distribution (Hillier and 

Lieberman 1986; AbouRizk and Halpin 1992; Fente et al. 1999; Fataneh 2002). The Beta 

distribution behaves as a normal distribution when the expected time is mostly centered 

between the optimistic time and pessimistic times. The Beta distribution is positively skewed 

when the expected time is closer to the optimistic time than to the pessimistic time. When the 

expected time is closer to the pessimistic time than to the optimistic time, the Beta 

distribution is negatively skewed (Ang and Tang, 1975). 

         While construction project scheduling has to deal with uncertainty involved in activity 

durations, existing CPM models fail to address the stochastic nature of construction activities. 

To better represent real-world activity data, a more flexible approach that allows modelling 

the time estimates in an appropriate PDF should be used.  

 

2.3.2 Best Practice Guidelines for Construction Scheduling  

Best practice guidelines for construction scheduling would bring the construction world 

closer together in adopting common procedures and practices in construction scheduling. 

Galloway (2006b), notes that though Project management institute strives to provide 

consistency in all areas of project management, the aspects of project controls, and CPM 

scheduling in particular, have gone unchanged in standards before 2005 and only very little 

progress is noted for a common understanding and common recognition of what is required 

as best practice procedure for schedule development, schedule implementation, and schedule 

control. While CPM scheduling has been around since the 1950s, its application in the 

construction industry has not received 100% acceptance and use, or consistency in how it is 

used. However, the understanding and appropriate use of CPM scheduling is critical to 

improving how construction projects are scheduled and managed, (Galloway, 2003). 
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Experience over the years has shown that a well-developed, properly updated, and 

consistently used CPM schedule during a project can improve the probability of project 

completion on the due date and assist in agreeing extension of time. This is why in 2005 the 

college of scheduling of the Project Management Institute was mandated to develop a set of 

standards specifically for CPM scheduling and its use, (Weaver, 2010). The college of 

scheduling and the scheduling excellence initiative (SEI) has been working on scheduling 

enhancement series to develop multi-volume reference for scheduling in the aspects of  (i) 

Concepts (ii) Methodologies and (iii) Best Practice, to address the issues of better project 

control and improve the possibility of project completion by the due date. This is an effort to 

move toward global best practice standards in the areas of CPM scheduling, (Weaver, 2010).  

By not ensuring that basic scheduling elements are covered in training, the lack of such 

elements gives rise to problems encountered in the actual application of CPM scheduling in 

the industry. This is especially apparent in the lack of instruction in variance analysis, 

corrective action, change control, and constraints decisions, etc, shown in Figure 7. As 

discussed earlier in Galloway, (2006b) which is in agreement with Galloway, (2003), the lack 

of adequate coverage of issues of constraints scheduling considerations (i.e., imposed dates 

on activity start and/or finish) in a survey of 200 universities in the USA and Europe explains 

why most scheduling engineers apply only the default options in constraint scheduling.  

         Another important consideration to make in developing an effective construction 

schedule is schedule complexity. Schedule complexity is an important indicator of a project 

that may fail. Nassar and Hegab (2006) observes that several factors contribute to the 

complexity of the project schedule. These include the number of activities, the level of detail, 

and the shape of the project network.  To reduce the schedule complexity, Weaver, (2005), 

proposes the following three generic rules to guide the development of effective schedules as: 

Maximum length of Critical Path  should be around 25 activities;  Percentage of critical 

activities should be less 20% and Maximum number of tasks in the schedule should be less 
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600. This means a construction schedule with more than 600 tasks should be reconsidered for 

two separate schedules (linked together) so as to reduce the complexity. A schedule with 

more than 25 activities on the critical path or the percentage of critical activities more than 

20% indicates a less than best practice standard. Complex project schedules often cause 

problems in coordinating the work of different team members. Edmonds, (1998) observes 

that complexity of the project schedule is different from the complexity of the project itself. 

The complexity of the project schedule shows high interconnection between activities and 

one which does not satisfy the general rules proposed in Weaver, (2005). Edmonds, (1998) 

defines complexity as óthat property of a language construct which makes it difficult to 

formulate its overall behaviour, even when given almost complete information about its 

atomic components and their inter-relationsô. Complexity measures for project schedules can 

be used as one indicator in determining planning, coordination, and control difficulties of the 

project. It is important to note that different people will produce different schedules for the 

same job, in different levels of detail, which will influence the complexity of the schedule. 

The schedule development inconsistency can be addressed by developing consistent 

scheduling specifications. With increasing frequency, construction contracts contain detailed 

specification sections that prescribe the form and detail of the project schedule. Most of these 

scheduling specifications require a network showing a minimum number of activities as 

proposed in Weaver, (2005). While some specifications implement such a requirement 

simply by defining the number of activities according to the job cost, others limit the duration 

or cost of individual activities to no more than a stated number of days or a certain amount of 

money, (NIBS, 2002).     

         The 2002 Unified Facilities Guide Specification for Network Analysis Systems 

(UFGS), for example, has been adopted by the U.S. Corps of Engineers as shown in Table 4, 

(NIBS, 2002). The appropriate number of activities is largely dependent upon the nature, 

size, and complexity of the project. If too many activities are included, the resulting diagram 
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may not be an effective management tool for field construction operation. However, if too 

few activities are specified, the resulting activities may be too scanty as to provide a diagram 

that properly reflects the intricacies or interdependencies of various activities required to 

construct and complete the project. Due to unexpected delays and various other project 

change scenarios, a less complex schedule is usually less prone to time and cost increase 

resulting from delays or changes. Given the choice, for example, of a suboptimal schedule 

with a low degree of complexity and an optimal schedule with a high degree of complexity, a 

trade-off will have to be made.  
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Table 4 
 Recommended Number of Activities included in the Schedule for Different Project Sizes 

  

      Project Cost                                   Recommended  Number of                                                    

       (Million $)                                    Construction Activities                          

         Ò 1                                                    150 Ñ 
 

         1 - 2                                                  150-200 
 

         2 - 5                                                  200-1000 
 
         5 ï 10                                               1000-2000 

 
         ι 10                                                  2500 ±  

          Source: NIBS, (2002)  
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2.4 SUMMAR Y OF THE PREVIEW OF SCHEDULING  

 

Scheduling is a relatively new management discipline that uses computer systems to combine 

óartsô and óscienceô in an attempt to predict the future times events may occur. The tools and 

processes used are mathematical models of the intended work needed to complete the 

construction project. However, the components of the scheduling model are subjective and at 

best, imprecise estimates of what might happen in the future. The óartô of scheduling is to 

make this data as useful as possible to help the project team navigate their project through to 

a useful and timely conclusion within budget and to specification. The skill of the scheduler 

lays in being able to make effective use of the óscienceô of scheduling to help the project 

team develop a shared view of the project ófutureô and then to help them make that future a 

reality whilst recognising the inherent uncertainty implicit in any attempt to accurately 

predict the future. This recognition of the inherent uncertainty and attempt to accurately 

predict the future is the summary and focus of this preview.  

 

2.5 THE GUIDE AND HELP FACILITIES IN THE MS PROJECT  

Microsoft projectôs incredibly long history tells a story how it has been a popular solution for 

companies throughout the past two decades, (MS Project Help, 2010).  It is the first software 

introduced that addressed project management and grew to include many of the basic 

necessary features required in any project management software. In 1984, Microsoftôs first 

version of Project was released on MS-DOS. And in 1990, a version which ran on Windows 

2.0 was released. The idea was to provide an easy way for project managers to track and 

manage their projects. Between 1990 and 1995, Microsoft Project introduced enhancements 

which include some of the popular features in the latest version, such as calendar view, 

recurring tasks, and individual cell formatting, among others. The most dramatic changes 

came in 1997, with the release of Microsoft Project 98, running on Windows 95. The 

company enhanced scheduling features, added analysis tools like PERT, support for multiple 
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project management, presentation features like web publishing, and workgroup support like 

Microsoft Viewer. MS Project Help, (2010) further observes that enhancements and 

improvements could be said to have slowed down, over the next 15 years from 1997 during 

which only four more versions were released: Project 2003 (which is no longer supported), 

2007, 2010, 2013 and the most recent release, Project 2014 (which is at trial stage, not fully 

released to the public). This thesis is based on the most current version 2013 which has the 

same scheduling engine as 2007 and 2010. 

         Throughout its evolution there are many things that Microsoft Project does well, which 

is why it is so popular. For example, the program has supported multiple languages, Gantt 

charts, multiple formats and does a great job handling project milestones. All are important 

tools for any project manager. However, there are a few instances where the product falls a 

bit short. One of these is that the project guide and help facility does too little to assist users 

make choice of appropriate alternatives other than the default. The Project Guide is a wizard 

that appears on the left hand side of the Gantt View. The wizard displays such menu options 

as: Tasks, Resources, Track and Report. The project guide wizard is useful as it covers the 

complete project scheduling and tracking using MS Project (Boston University, 2010).  Most 

pieces of scheduling software such as Primavera Project Planner (P3), Microsoft Project 

Planner, and Sure Track always include in-built guide facility. This project guide toolbar in 

MS Project can be activated by clicking View, Toolbars and then Project Guide.  Figure 8 

illustrates the project guide toolbars. The project guide toolbar when clicked or activated 

displays the following broad areas of help it offers:  

              (i) Define the project 

              (ii) Define general working times 

              (iii)  List tasks in the project 

              (iv) Organise tasks into phases 

              (v) Schedule tasks and  
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              (vi) Link to or attach more task information  

 For instance in setting the project start date and adjusting the project calendar, the project 

guide gives such instructions as óProjects can be scheduled from the start date or backwards 

from the end dateô. Further the project guide will tell the user that the default start is the óstart 

dateô not the óend dateô. This is all that the project guide gives. It does not give further 

assistance on the relative advantages or the ówhat-ifô implications and scenarios of taking 

either option of scheduling from the start date or backwards from the end date. For setting 

date constraints and assigning calendar dates, the project guide and help facility does too 

little to assist planners make appropriate decision of options discussed in section 2.7. This is 

why Boston University (2010), concludes that though the project guide gives instructions and 

displays useful specific information in relation to the selected option, they lack the ability to 

indicate case scenarios where selected options are best suited or show ówhat-ifô implications 

of selected options. Therefore, a need exists to expand the features of the help facilities in MS 

project to include some extra context-sensitive features.  

         It is however noted that there are some recent improvement in the guidance from 

tooltips in MS Project 2010 and 2013 which provide some context-sensitive help making it 

possible to preview results of scheduling options before committing changes in some aspects 

of the schedule. Unfortunately yet, no context-sensitive help is available for the aspects of 

choice of start date, which could give ówhat-ifô implications of early start or late start 

schedules.  
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Figure 8.  

Project Guide Toolbar. 
Source: Boston University (2010)  
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2.6   CUSTOMIZING THE HELP FACILITIES IN MS PROJECT      

MS projectôs many tools are designed and organized to fit the preferences of many diverse 

users, (Gwen and Stover, 2001). Different users may have different special requirements and 

unique methods of working that calls for a different organisational scheme of project 

scheduling tools. El-Bibany, (1997) identified the underlying reason for this that since all 

computer-based pieces of scheduling software are built on the basis of manual computational 

processes, they inherited the same underlying weaknesses that each variation of the planning 

problem however simple ought to have a separate procedure which these pieces of scheduling 

software are not customized to provide.  For example, putting constraints on some time 

parameters, like milestone to be met or activity start date or activity end date, needs a special 

computational procedure which should be customized to address these particular scenarios. 

Also using the MS Project to schedule building and civil engineering projects poses 

fundamentally different issues from when it is used to schedule pharmaceutical or chemical 

production processes. Thus early or late start date considerations will be greatly affected by 

the nature of the process (building and civil engineering or pharmaceutical and chemical 

production) being scheduled. This is the core reason why Microsoft corporation cannot 

possibly design a guide and help facility that is both generic and capable of addressing 

specific needs of different industries that use the software. This explanation confirms the 

need for each industry that use the product to attempt to develop a customized guide and help 

facility that meets the specific needs of the industry based on the unique nature of the process 

being scheduled.    

 

2.7    THE CONSTRAINT S DECISIONS IN SCHEDULING    
           
A constraint is defined as an externally imposed factor which would affect when an activity 

can start and or finish. As soon as possible is the best constraint when scheduling from the 

project start date because one basically want to get all of the project tasks accomplished as 
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soon as possible. While as late as possible is the best constraint when scheduling from the 

project end date. The idea that an effective and dynamic project schedule model can only be 

achieved if it meets the requirement that the number of hard dates (constrained dates) are 

minimised to represent only órealô constraints such as contracted completion due dates 

suggests that only the default options of constraints should be used as much as possible. This 

is so without regards for project attributes, task attributes and resource attributes, (Allan, 

2011). However, it is noted that key scheduling processes and procedures such as choice of 

early start schedule and late start schedule and the amount of float consumption built into the 

schedule will significantly impact project performance. How can the planner make better 

scheduling decisions and explore relative benefits of alternative constraint options? Project 

performance evaluation results may provide evidence that some choices influence schedule 

variability which in turn, is strongly and positively correlated to productivity. It is imperative 

therefore for contractors to continually monitor the scheduling practice adopted, the choice 

made when the schedule is being developed and relate these to project performance in order 

to identify particularly effective scheduling practices for use in scheduling future projects. W 

         If network scheduling methods fail to address the issue of start date constraints for the 

various tasks, it is likely that the schedules generated will be inaccurate. This is because 

changes in the schedule are inevitable occurrences in construction projects. The causes of 

such changes are numerous and well catalogued in the literature OôBrien, and Fischer, 

(2000): weather, owner-directed changes, information request and information release 

problems, length of period for approval of submittals, unexpected soil conditions, long-lead 

supply items, delays, accelerations, rework that affects the schedule and coordination 

difficulties, etc. Such changes are challenging to proactively accommodate in the initial 

schedule development because they affect multiple activities, often leading to disruption of 

activity start dates etc. It is therefore important to satisfy practical scheduling requirements, 

such as scheduling an activity to start when all information requests needed and all 
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prerequisite works and materials required for its commencement are available. A good 

understanding of the tasks affected by these various causes is important so that a right choice 

of start time constraint is made to proactively nip the delay situation at the bud.  For non-

repetitive projects, the acceleration of critical activities often leads to a shorter overall 

duration for the project. On the other hand if disruption of activity start is reduced to zero 

particularly for the critical activities, then the project may finish on the due date, with 

optimum overall project cost.  

         Mawdesley, Askew and O'Reilly, (1997) shows that the construction scheduling 

process involves three distinct but related stages:  (a) Initial schedule development (b) 

Schedule implementation and (c) Schedule update, schedule review and schedule control. 

Different types of decisions are made during each of these stages in the construction 

scheduling process. As pointed out by Carl and Timothy (2013), options taken in these 

decisions have very different effects on the schedule performance. The focus of interest in 

this study is the initial schedule development and the effects of options of decisions taken on 

project performance. During this stage five important decision aspects are identified from 

Mawdesley et al (1997) as:  (1) Activity dependency consideration (2) Constraint dates 

consideration determined due to jobsite uniqueness (3) Durations assessment (4)  Resource 

assignment and   (5) Event time analysis. In support of the need for best practice and 

standardised procedures in construction scheduling, many researchers, Cohenca et al (1989), 

Olusegun et al (1997 and 1998), Laufer and Turker (1987) & Laufer, (1991), have called that 

much research has been done in planning techniques and that it was time to shift research 

paradigm and emphasis from investigating the techniques to now focus on investigating the 

process of planning itself. These reported studies which investigated how planning is done, 

focused on measuring the quantum of effort invested in planning, frequency of major 

revisions and the likely project outcome. Since this call, Efole (2010) reports study attempts 

which mapped the planning process in industry, identifying itôs components, best practice 



77 
 

 

and procedures, and how scheduling decisions are made. It is further shown that regardless of 

the planning technique adopted; whether Gantt chart, Network based techniques or Line of 

Balance, a common procedure is followed. The process involves viewing general work in 

more specific work scope as in work breakdown structure; sequencing and logic 

development; task start and finish dates as in project calendar; and activity duration and 

resource allocation, (Olusegun et al, 1997 and 1998). Davis and Kanet, (1997) notes that to 

create a schedule requires accounting for tasks attributes.  The scheduling process has long 

been regarded as an intuitive art not a precise science, a sort of hit and miss approach, 

Galloway (2006). For instance, sequencing and timetabling which determines when tasks will 

start has options such as: 

          (a)  As soon as possible: Yielding early start schedule   

          (b) As late as possible: Yielding late start schedule  

Or other options in between these two extremes: Start no earlier than; Finish no earlier than; 

Start no later than; Finish no later than; Must start on; Must finish on etc. The basis of 

choosing any of these options is often not scientifically structured. Decision is still mainly 

intuitive. This research is an attempt to replace intuition with scientific reasoning. A survey 

of the production planning practice in the UK by Dawood and Neale, (1990) revealed that 

planning practice employed were still only basic and depended greatly on experience and 

subjective approaches. They reported that inefficient resource utilization and overstocking 

were commonplace. Industry practitioners are unfamiliar with formal scheduling models 

based on mathematical programming. These models tended to simplify the details of practical 

scheduling (like conflicting objectives and production scheduling constraints), as these 

complicated the solution procedure. Their solution procedures did not incorporate the 

experience of human schedulers, and the technical sophistication required to use them may 

have contributed to their slow adoption in the industry. Also another survey of the scheduling 

practice adopted in Singapore identified many of the key production scheduling constraints 
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and the manner in which these constraints were met in order to construct good, feasible 

production schedules, (Wong, 2000 in Chan and Hu, 2002). Wong concludes that the 

processes used by planners were largely manual and guided by subjective experience and 

intuition. It is important to make informed decisions in the scheduling process, i.e., those 

decisions which are based on information and knowledge of the attributes of tasks being 

scheduled, the attributes of resources being scheduled and the attributes of projects being 

scheduled. Mawdesley et al (1997) notes four common decisions made during the initial 

scheduling development process as:  

           1. A choice of start date constraints for tasks: early or late start consideration 

           2. A choice of the project calendar: a workdate consideration  

           3. The allotment of different types of buffers and 

           4. A choice of activity relationships     

These are discussed below in section 2.7.1 - 2.7.2.  Carl and Timothy (2013) further points 

out that options taken in these decisions have significant effects on the schedule performance. 

Primavera systems (2007) stressed that whether one is an experienced planner or is new to 

the scheduling software, the userôs guide contains important information needed to organize 

the scheduling process successfully. Further it is noted that the reason for choice of some 

alternatives in the scheduling process are very clearly fixed by the nature and uniqueness of 

what is considered. While for others this reason is not that clear. For instance in the case of 

choice of activity relationships, beams are constructed after the columns to support them are 

built, and not vice versa. This fixes the choice decision option of ófinish to startô and not 

óstart to startô or óstart to finishô as may be required in some instances. However the reason 

for choice in the case of start time constraints and choice of the project calendar are not that 

clear and simple. A study by Efole (2010a) showed clearly that only two in every ten use 

options other than the default options of start date. Scheduling every floated activity to start 

as soon as possible. The study concludes that both experienced and young scheduling 
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engineers lack the ability to go beyond the default option with reason. More importantly if 

different choice would have different effects on the project schedule, then the appropriate 

choice in the scenario should be sought.  

 

2.7.1 Choice of Start Date Constraints for Tasks: Early or Late Start  

  
The schedule is not realistic if the startability of certain activities is not well determined.  

There is need to make an appropriate start date choice, early or late start schedule as 

discussed in section 2.7, and illustrated in Figures 9 and 10. This choice is actually the 

amount of float consumption in floated activities, (Weaver, 2006b). If some or all available 

float is consumed in fixing a start date for an activity, a late start schedule results. On the 

other hand if none of the available float is consumed then an early start schedule results. 

Hegazy and Petzold, (2003), infers that if all floated tasks are scheduled as-late-as possible 

there can be only 50% probability of meeting the projectôs due date. Equally too if all floated 

tasks are scheduled as-early-as possible there can also be only 50% probability of meeting the 

projectôs due date. The basis of this assertion is not clear and it will need a confirmatory 

research. Traditional scheduling techniques normally generate single fixed early start 

schedule. However, there could be alternative start and finish dates for floated activities in 

the same schedule without delaying the project completion date (Bowers, 2000). If these 

alternative schedules are comprehended initially, the schedule will be more flexible and thus 

better able accommodate unanticipated events, such as equipment failure, delays in material 

delivery, and late receipt of information requests. Following from this and the posit of 

Bowers, (2000) it is clear that deviations between as-built and as-planned schedules are not 

always the fault of project implementation i.e., lack of conformity to plans, but mostly due to 

inappropriate schedules rather than inadequate performance, (Abdul-Rahman, et al. 2006).  

         All activities should have a start and an end date. Unless a date is specified, MS Project 

will schedule all floated activities to start or finish using the default start date or default end 

date, (Carl and Timothy, 2013). The type of constraint applied to tasks in the project depends 
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on what is needed. They further observed that inflexible constraints are used only if the start 

or finish dates of a task is fixed by factors beyond the control of the project team. Examples 

of such tasks include handing over to clients on a fixed or mandatory date and the end of a 

funding period from donor agency after which funds cannot be accessed. For tasks without 

such limitations, it is advisable to use flexible constraints. Flexible constraints provide the 

most discretion in adjusting start and finish dates, and they allow Project to adjust dates if the 

plan changes. The only problem with use of flexible constraint is that by their nature a date is 

not actually fixed so prior arrangement cannot be made for resources of labour, materials and 

equipment.  For example, if ASAP constraints are used and the duration of a predecessor task 

changes from four days to two days, Project adjusts, or pulls in, the start and finish dates of 

all successor tasks two days earlier than scheduled. However, if a successor task had an 

inflexible constraint applied, Project cannot adjust its start or finish dates. If task 20 is 

rescheduled to start on July 17, instead of its initial scheduled date of July 15. All tasks that 

depend on it are also rescheduled, this is the multiplier effect of the choice of start time.  This 

is the philosophy behind the assertion that observed labour utilization divided by Schedule 

variability index = total factor productivity.  That is, if it is observed that 150 Manhours was 

recorded utilised on a site with 5 value Schedule variability index defined in terms of  activity 

start time variability, then its true total factor productivity will be 150/5 = 30. Whereas 

another site with the same 150 Manhours recorded utilised and a 10 value Schedule 

variability index will have a total factor productivity 150/10 = 15 because of the multiplier 

effect of the start time discussed above. One key element in earned schedule is the 

recognition of the óP-Factorô. The P-Factor measures how well the project is following its 

planned schedule i.e., its schedule adherence to planned sequence as well as planned start and 

finish dates for all activities, (Weaver, 2008). Adhering to the planned sequence of tasks and 

ensuring minimal start date variability are frequently early warning indicators of other 

problems. For different case projects it is possible to develop their P-Factors by comparing 
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their As-built dates (start and finish) with their As-planned dates. As float is consumed in 

fixing actual start and finish dates for tasks on sub-critical paths, the probability of project 

completion on the due date reduces because the likelihood of the sub-critical path becoming 

the key delay to completion increases, (Weaver, 2008).  Most duration estimates are based on 

a ómost likelyô duration. Because CPM only allows one estimate, this most likely duration is 

itself optimistic thereby ignoring any pessimism. However with most project activities, the 

numbers of things that may go wrong significantly outweigh the number of things that may 

go better than estimated, (Weaver, 2008). Also there is a considerable knowledge about the 

things that may go wrong and the consequences of ineffective decision making, but there is 

limited published information about what procedures and steps to follow to avoid cost 

overruns and time delays, (Thomas., Riley and Messner, 2005). Optimism is the tendency for 

people to be overly optimistic about the outcome of planned events. It is over-estimating the 

likelihood of positive events and underestimating the likelihood of negative events. Effective 

construction scheduling which has its objective of making the construction process efficient 

should yield a process model which is realistic, flexible, reliable and predictable; ensuring 

that events occur the way they are planned. Though the best results come from a tightly 

programmed, speedily completed jobs, the durations and dates should be practical and 

realistic. As much as possible, the programmer should avoid optimism. Optimism about 

information coming in as required, optimism about material availability and optimism about 

finishing early. These optimisms reduce programme practicality and they result in unrealistic 

process model, (Clark, 1988). To put it bluntly a pessimistic view is encouraged in which 

nothing is taken for granted.   There is no órightô or ówrongô in decisions of early start or late 

start date of activity. The optimum choice should be one that will inherently benefit in on-

time and on-cost, quality project delivery. Such a choice must recognise case scenarios of 

projects being planned and adopt options or choice suitable to various unique instances. 

Project specific attributes, task specific attributes, and resource specific attributes must be 
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important guides in making choice of alternative start date in the construction schedule 

(Efole, 2009). Care in appropriate choice of alternative start date is important because the real 

objective of scheduling in addition to estimating the pre-determined duration and sequencing 

of activities is to keep the resources working efficiently with minimal disruption of start and 

finish dates for all project activities. It is important to note that in operating all pieces of 

scheduling software the human factors  and judgments which are required as an essential part 

of the analysis process cannot be neglected. Pieces of scheduling software do not make 

decisions by themselves. They merely present information and the environment required by 

managers to make more effective decisions. The best scheduling software or any project-

management tool can never replace good personal judgment in decision making.   

         The construction scheduling process involves several decision options which are 

applied to control how different aspects of the schedule behave. Often these options state the 

default as well as the several other alternatives. Atchison and Kennemer (2011) posits that it 

is probably best to use the default settings until one has a better idea of specific project 

management needs. When one begins to observe that things arenôt working the way one 

would like, then a need to change some of the default choice options becomes necessary. 

Constraints are artificial dates not based on explicitly stated logic (Jerry, 2011). They are 

placed on activities or milestones and these dates can be start dates or end dates. Constraints 

override activitiesô interdepencies or logic. Although constraints can be useful, they may 

distort the project float and critical path. Using hard constraints will prevent tasks from being 

moved by their dependencies and, therefore, prevent the schedule from being logic driven, 

(Jerry, 2011). This is why Allan (2011), posits that an effective and dynamic CPM model can 

be achieved only if it meets the requirement that the number of hard constraint dates in the 

schedule are minimised and represent only órealô constraints such as contracted completion 

dates. Carl & Timothy (2013) and Jerry (2011) divide constraints into hard and soft 

constraints. Christian (2008) divides constraints into three categories as:  
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( i) Flexible constraints (ii)  Semi-flexible constraints  and (iii)  Inflexible constraints.   

A hard constraint overrides the network logic and is a restriction that sets the early and late 

dates to the imposed date. Examples of hard constraints are: Mandatory start date which 

prevents the start of an activity before or after the specified due date, even if the predecessors 

are complete; Mandatory finish date which prevents the finish of an activity before or after 

the specified due date, even if the predecessors are complete or the successors have started.  

         Figures 9 and 10 illustrate the different types of project constraints dialog box in 

Microsoft Project.  A soft constraint protects the schedule logic. Examples of soft constraints 

are: óStart onô or ófinish onô date which is a restriction that could delay the early start or finish 

and  or accelerate the late start or finish to satisfy the imposed date. As late as possible date is 

a restriction that uses positive float to delay an activity as long as possible without delaying 

its successor. Its purpose is to improve financing and resolve resource conflicts like late 

release of information and delayed submittal approval, (Hegazy and Petzold, 2003).  

         As late as possible date as pointed out by GAO, (2009), should be used with caution 

because using as late as possible schedules introduces a false level of criticality due to their 

effects on float consumption. When much of the available float in an activity has been 

consumed in fixing a start date as in óas late as possibleô, it implies a false criticality is 

created for that activity and therefore not representing the likely true situation.  Though this 

research scope covers Microsoft project, it is observed that primavera project planner (p3) 

scheduling software, have similar constraints features with those in Microsoft project 

planner, (Primavera systems, 2007).  P3 provide eight constraint types:   

                           As soon As possible   (ASAP);       As Late As possible   (ALAP); 

                           Start No Earlier Than   (SNET);     Start No Later Than   (SNLT); 

                           Finish No Earlier Than (FNET);     Finish No Later Than (FNLT); 

                           Must Start On               (MSO);     Must Finish On          (MFO);  
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Contractors often prefer to work to an early start schedule. But the extent to which this is a 

practical and effective scheduling option is in question. It should be realized that with most  

project activities, the number of things that may go wrong significantly outweigh the number  

of things that may go better than estimated. This produces a skewed probability distribution 

that events may in reality occur as late as possible, (Weaver, 2008). As soon as possible 

scheduling assumes erroneously that the number of things that may go better than estimated 

significantly outweigh the number of things that may go wrong. Early start schedules adopts 

the earliest dates floated activities may start or as soon as possible. These constraints are 

illustrated in Figures 9 and 10  
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Figure 9. The Project Constraint Dialog Box in Microsoft Project. 
                   Source: Christian (2008)    
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And resources of men and machines are called to site based on this arrangement and timing. 

In reality numerous factors such as long-lead supply items, information requirement needs 

and submittal approval may call for deferring some work until the late start dates in the 

schedule to effectively resolve some or all of these constraints, (Diekman et al, 1992). A least 

commitment approach for some tasks which aims to delay decisions and actions until the 

system has enough useful information and right conditions for making them is important for 

scheduling construction projects, (Levitt and Kartam, 1989). The idea of least-commitment 

planning for some tasks is fundamentally different from the thinking of Andersen (1996), 

who warned that detailed activity planning is hazardous to the projectôs health!  

         Andersen proposed establishing milestone plans and viewing the schedule as ótargetsô 

not full commitment. This may enhance efficient operations as resources will be called to site 

only when conditions are right. But work progress is likely to be slow since no firm direction 

is previously laid out, and the scheduling process would seem to be starting all the time from 

the beginning. This is why Cori (1985) opines that detailed planning as a means of preventive 

proactive action anticipates potential difficulties and proposes how to cut the corners, making 

field operations fast and efficient. Herman (2001), however, maintains a similar view as 

Andersen. Herman posits that due to the unavailability of accurate data on activity durations, 

resources and other information, the development of a ñperfectò schedule is a myth. The 

input data into the schedule model to simulate and optimise it are mere estimates and are by 

no means accurate. This means that there might be more than one scheduling solution that is 

feasible and is ñgood enoughò for the purpose. The argument is that except for the purpose of 

identifying a project due date, long-term schedules should indicate ótargetsô only and not full 

commitment. While short-term schedules should be viewed as statement of intent, of full 

commitment of resources and of a guide for making them available.   
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Figure 10. The Constraint Pull down menu       
       Source: Carl and Timothy (2013)  
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Most advanced pieces of scheduling software, such as the Primavera Project Planner and the 

Microsoft Project etc, have facilities for specifying use of a resource as ñproposeò resulting in 

a target schedule called for by Andersen (1996) and Herman (2001). They also have options 

which specify the use of resource as fully committed, yielding a firm, clearly defined time-

scaled schedule. The only problem with these pieces of software is that they do not support 

the decision making process. When to apply early or late start or as soon as possible, what 

workweek for which tasks and when should resources be fully committed or only stated as 

ñproposeò etc, are decisions which are still being made based on intuition. The MS project 

guide, the help facility and numerous usersô manuals do not have information to assist young 

and inexperienced scheduling engineers who use only the default options because they lack 

the ability to choose with reason options other than the default.    

         The schedule alert system is a new feature of MS Project 2010 and 2013, (Atchison and 

Kennemer, 2011). This feature shows warnings and or suggestions when MS Project 

identifies possible scheduling conflict and is helpful in producing effective and realistic 

schedules. The schedule alert system should be extended beyond resolving scheduling 

conflict to include displaying warning messages and or suggestions when faced with 

decisions like, when to apply early or late start schedule, what workweek for which tasks and 

when should resources be fully committed or only stated as ñproposeò etc. The same reason 

discussed in sections 2.3 and 2.5 applies here, that because of the diversity of numerous users 

scheduling fundamentally different processes, Microsoft corporation cannot possibly design a 

guide and help facility or an alert system that is both generic and capable of addressing 

specific needs of all different industries that use the software.                                                                                                                                                                             
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Table 5 

Flexible Constraint Types in MS project  

 

 

  Constraint Category             Constraint Types                              Means of Scheduling                            

     Flexible                      As Soon As Possible (ASAP)                Project will schedule a  
                                                                                                                                task to occur as soon as  

                                                                                                                                it can occur. This is the  
                                                                                                                                default constraint when  
                                                                                                                                scheduling from the   

                                                                                                                                project start date. There 
                                                                                                                                is no constraint date for  

                                                                                                                                an ASAP constraint.                                                                                 
                                          
 
 
 
 

                                            As Late As Possible (ALAP)                 Project will schedule task 
                                                                                                to occur as late as it can 
                                                                                                occur. This is the default  

                                                                                                                               constraint type applied to   
                                                                                                                               all new tasks when  

                                                                                                                            scheduling from the  
                                                                                                                               project finish date. There  
                                                                                                                                is no constraint date for  

                                                                                                an ALAP constraint.                                                                                                                                                                                                                                                              
 

  
Source: Carl and Timothy (2013)         
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2.7.2 Choice of the Project Calendar: The Workdate Consideration  

Project calendar, schedule flexibility and schedule elasticity are key concepts the scheduling 

engineer should consider when initially developing the schedule. The project calendar is the 

time a resource is specified being active on a task, (Gwen and Stover, 2001). This could be 

the number of hours in a workday or the number of days in a workweek. All pieces of 

scheduling software support the manipulation of both workday and the workweek calendar 

illustrated in Figure 13. Generally both workdates and calendar dates are considered and 

applications of these could be in defining:   (1) A resource calendar 

                                                               (2) A task calendar and 

                                                               (3) A project calendar 

The default calendar date is the Project calendar. This means both resources and tasks are 

scheduled to be active during this calendar date.  Mostly, it is better to prepare a schedule 

initially on a workday and a workweek less than the company normal or regular workdate 

regime for some tasks and for some resources, and increase these during schedule 

implementation if conditions allow. The use of multiple calendars introduces significant 

complexity to the calculation of float and the critical path. However, while scheduling is 

simplified by the use of a single calendar, one calendar may be inadequate for managing the 

entire project successfully, (De la Garza, and Kim, 2005 & 2006., Lu, 2006., and Francis and 

Miresco, 2006). Generally accepted practice is to use a project calendar which is adequate 

and reasonable to perform the work, based on normal working times. The project calendar 

then may be used as the primary or default calendar for the project. A limited number of 

special calendars may then be used for areas of the project (or resources) needing different 

working times. Figures 11 - 14 illustrate three different representation of project Multiple 

Calendars. Case 1 in Figure 12 shows a 5-day workweek for two different resources or tasks. 

Case 2 also in Figure 12 shows where some resources and tasks are scheduled for a 3-day 

workweek, a 2-day workweek and so on.   Figure 13 shows a 5-day workweek calendar with 
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indicated holidays. And Figure 14 shows a computer window where work-time and non-work 

time are edited. If the upper limit of a workweek is used in the initial schedule development, 

the elastic limit has been reached and no further upwards move is possible to optimise 

operations. And often the large amount of man-hours and machine-hours moved to site may 

be rendered idle due to several reasons. Therefore specifying a workweek less than the 

regular for some resources builds in programme flexibility enough to accommodate 

unanticipated project delays and change. This also serves as a reasonable safety factor against 

downtime of resources for some tasks. 
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 Figure 11. Example of an 8-hour Workday and a 5-day Workweek Calendar 
 Source: Jerry (2011) 

 
 

 
 
 



93 
 

 

Hanna., Taylor and Sullivan, (2005), show that different calendar options of:  

        (a) 4 dayweek & 10 hourday 

        (b) 5 dayweek & 8 hourday  

        (c) 5 dayweek & 10 hourday 

        (d) 6 dayweek & 8 hourday 

        (e) 6 dayweek & 10 hourday     

 have different effects on the schedule performance. Using statistical medians and averages 

they developed productivity indices for different calendar dates and contend that an 

appropriate choice might improve effectiveness of the schedules developed and improve 

schedule performance as illustrated in Tables 6 and 7.  Table 6 shows that highest average 

productivity was observed when a calendar date of 4 dayweek and a 10 hourday is applied. 

But a maximum productivity index was observed when a 5 dayweek and an 8 hourday was 

applied. This finding is consistent and reliable as indicated by the very low reported standard 

deviation which is as low as 0.089 and 0.14. A visual inspection of Table 6 suggests a project 

performance of different calendar date considering median productivity index, average 

productivity index, maximum productivity index and minimum productivity index. Calendar 

dates that work 40 hours a week like the 4 dayweek & 10 hourday and the 5 dayweek & 8 

hourday tend to have better schedule performance than those that work 50 or 60 hours a week 

like the 5 dayweek & 10 hourday; 6 dayweek & 8 hourday and 6 dayweek & 10 hourday 

calendar dates, (Hanna, Taylor and Sullivan, 2005).  Table 7 presents the results of 

hypothesis testing for different calendar options by Hanna, et al. (2005). This confirms the 

visual inspection of Table 6. It reveals very clearly that calendar dates of 4 dayweek & 10 

hourday and the 5 dayweek & 8 hourday have the same productivity.  The hypothesis testing 

also shows that 4 dayweek & 10 hourday has a higher schedule performance than the 5 

dayweek & 10 hourday and 6   
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Figure 12.  Example of Project Workdays in Multiple Calendars 
       Source: Jerry (2011)  
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dayweek & 10 hourday   calendar dates. Therefore this finding of Hanna, et al. (2005) shows 

very convincingly that the MS project guide and help facility need to be customized to 

capture this knowledge to help users make informed choice of project calendar date knowing 

fully well that one calendar date has better performance than the other in different project 

scenarios.                         

         Table 8, presents partial results of effects of calendar dates on schedule performance. It 

shows that there is a high rate of progressive decline in productivity as the average hours 

worked each week increases due to project calendar. If for instance a schedule is based on a 

5-day workweek and an 8-hour workday, giving an average 40 hour workweek and 

employing actual manhours of 200,000 during the week, productivity index is 1.02, which is 

a lot more than when the project is scheduled using 6-day workweek and 10-hour workday 

giving an average of 60 hours workweek which results in as low productivity index of 0.88. It 

is clear from visual inspection of table 8 that though there is some decline in productivity 

index as the actual manhours expended each week increases, the rate of decline is lower than 

that occasioned by the effect of the calendar date regime of  32, 35, 40, 45, 50, 55, 60 and 65 

illustrated in table 8.  For instance when actual manhours expended each week was varied 

from 240,000 to 280,000, productivity index for a 5-day workweek and an 8-hour workday 

(i.e, 40 hour workweek) remained average of 1.00. This visual inspection of table 8 gives a 

reasonable conclusion that actual manhours expended on the site each week has less 

significant effects on productivity index than that experienced with variation of workdate 

regime, (Hanna. et al., 2005).  

     

 

 

 

         



96 
 

 

 
 

Figure 13. A 5-day Workweek Calendar with Indicated Holidays 

 Source: University of North Carolina (2008)   
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Figure 14. A Project Calendar Indicating Nonworkdays  

    Source: University of North Carolina (2008) 
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Table 6 

Schedule Productivity Characteristics of Calendar Dates  

 

                                                                          Project          calendar           Days (h)             

 

Schedule productivity characteristics           5(8)s             4(10)s            5(10)s            6(10)s                                                                     

   

 

Median productivity index  

 

 

1.00  

 

 

1.05  

 

 

0.93  

 

 

0.79  

 

 

Average productivity index  

 

 

1.04  

 

 

1.06  

 

 

0.90  

 

 

0.78  

 

 

Maximum productivity index  

 

 

1.33  

 

 

1.25  

 

 

1.30  

 

 

1.00  

 

 

Minimum productivity index  

 

 

0.81  

 

 

0.81  

 

 

0.47  

 

 

0.49  

 

 

Standard deviation  

 

 

0.14  

 

 

0.089  

 

 

0.21  

 

 

0.17  

 

 

Sample size  

 

 

23  

 

 

22  

 

 

30  

 

 

13  

 

 

 Source: Hanna., Taylor and Sullivan, (2005)                     
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Table 7 

Hypothesis Testing Results for Project Calendar Options  

 

Test                                                                                                                                    Alternative hypothesis     
Days(h)     Days(h)                          Null hypothesis                        Days(h)                                       PValue                                  Result 

5(8)s versus  4(10)s                              Same productivity                                    4(10)s   more productivity            0.28                            Same productivity 

 

5(8)s versus 5(10)s                                Same productivity                                    5(8)s   more productivity              0.00                  5(8)s  more productivity 

 

5(8)s versus 6(10)s                                 Same productivity                                   5(8)s  more productivity            0.00                  5(8)s more productivity 

 

4(10)s versus 5(10)s                                Same productivity                           4(10)s  more productivity              0.00             4(10)s more productivity 

 

4(10)s versus 6(10)s                                Same productivity                            4(10)s more productivity            0.00                   4(10)s more productivity 

 

5(10)s versus 6(10)s                              Same productivity                          5(10)s  more productivity              0.00                    5(10)s more productivity  

  

  

Source: Hanna., Taylor and Sullivan, (2005) 
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Table 8 

Partial Results of Effects of Calendar Dates on Schedule Performance  

 

                                                            Average hours per week  

                                   32            35          40         45          50            55           60          65   

Actual work hours                                 Productivity Index                                                                                                  

200,000                     1.09        1.06        1.02      0.97       0.92         0.88        0.83       0.78 

210,000                     1.09        1.06        1.02      0.97       0.92         0.87        0.83       0.78 

220,000                     1.09        1.06        1.01      0.97       0.92         0.87        0.82       0.78 

230,000                     1.09        1.06        1.01      0.96       0.92         0.87        0.82       0.77 

240,000                     1.08        1.06        1.01      0.96       0.91         0.87        0.82       0.77 

250,000                     1.08        1.05        1.01      0.96       0.91         0.86        0.82       0.77 

260,000                     1.08        1.05        1.00      0.96       0.91         0.86        0.81       0.77 

270,000                     1.08        1.05        1.00      0.95       0.91         0.86        0.81       0.77 

280,000                     1.08        1.05        1.00      0.95       0.90         0.86        0.81       0.76 

290,000                     1.07        1.04        1.00      0.95       0.90         0.86        0.81       0.76 

300,000                     1.07        1.04        1.00      0.95       0.90         0.85        0.81       0.76 

310,000                     1.07        1.04        0.99      0.95       0.90         0.85        0.80       0.76 

320,000                     1.07        1.04        0.99      0.94       0.90         0.85        0.80       0.75 

330,000                     1.06        1.04        0.99      0.94       0.89         0.85        0.80       0.75 

340,000                     1.06        1.03        0.99      0.94       0.89         0.84        0.80       0.75 

350,000                     1.06        1.03        0.98      0.94       0.89         0.84        0.79       0.75 

360,000                     1.06        1.03        0.98      0.93       0.89         0.84        0.79       0.75 

370,000                     1.06        1.03        0.98      0.93       0.89         0.84        0.79       0.74 

380,000                     1.05        1.02        0.98      0.93       0.88         0.84        0.79       0.74 

390,000                     1.05        1.02        0.98      0.93       0.88         0.83        0.79       0.74 

400,000                     1.05        1.02        0.97      0.93       0.88         0.83        0.78       0.74    

Source:  Hanna, Taylor and Sullivan, (2005) 
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2.8   THE RIGHT CHOICE OF SCHEDULING OPTIONS        
    

Construction scheduling decisions should not be done so that the schedule outcome is on a 

óhit or missô basis without predetermined expected results. A successful project requires 

effective usage of scheduling practice to meet the expectations for project objectives. To 

provide effective practice usage plan for project managers and field engineers, the impacts of 

implementing such practices need to be quantified, (Lee, Thomas and Tucker, 2004). 

Improved methods for practice usage and control are required (Padilla and Carr, 1991; 

Rasdorf and Abudayyeh, 1991; McKim et al., 2000. in Lee, et al., 2004). Many studies have 

focused on identifying the impacts of the practices on different project objectives (Albanese 

1993; CII 1986, 1993, 1994; Gibson and Hamilton, 1994. in Lee, et al. 2004).  Further, 

Morrow (1998), provided extensive information on the effects of scheduling practices on 

project cost performance.  

         The Construction Industry Institute (CII, 1999) also examined the influence of a 

number of scheduling practices on project cost and schedule performance using a multiple 

regression method. Lee (2001) in Lee, et al. (2004), further identified critical practices and 

explored the relative importance of such practices, and posits that despite the apparent efforts 

for quantifying the impact of practice usage, little progress has been achieved in developing 

the tools and techniques for improved implementation of scheduling practice use. Therefore 

it is very important that construction scheduling decisions options, e.g., of calendar date, 

early start schedules and late start schedules should proactively consider predetermined cost 

and schedule performance implications. Such scheduling decision options should not be done 

on a hit or miss basis, without knowing the impacts of implementing such practices. As 

discussed earlier in section 2.7.1 it is worthy to note that in operating all pieces of scheduling 

software the human factor, understanding and judgment which are required as essential part 

of the analysis process cannot be neglected. As noted earlier pieces of scheduling software do 

not make decisions by themselves. They merely present information and the environment 
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required by managers to make more effective decisions. The best scheduling software or any 

project-management tool can never replace good personal judgment in the aspects of making 

decision of choice of alternative options other than the default. The construction scheduling 

process involves several decision options which are applied to control how different aspects 

of the schedule should behave. Often these options state the default as well as several other 

alternatives. As noted earlier, Atchison and Kennemer (2011) posits that it is probably best to 

use the default settings until one has a better idea of specific project management needs. This 

is why Schmid, (2009) posits that it is believed the best practice is to enter duration estimates 

for tasks, allowing MS project to schedule the task start and finish dates, in which case the 

scheduling engine has no discretion of choice of options other than the default start and finish 

dates. óWhat-ifô scheduling scenarios provide opportunity for making more effective 

decisions in order to maximize productivity and make more accurate or more realistic 

forecast of manpower, materials, equipment and cash flow requirements. These arguments 

which are expounded in section 2.7.1 are repeated here to show the relationship between right 

choice of scheduling options and project performance indices.  

 

2.8.1 Better Plans, Better Results     

The importance of planning is unmistakable given the challenges faced by a very competitive 

construction market, (Menches and Awad, 2006). These challenges include the need to 

reduce costs, improving labor productivity, minimizing changes, minimizing the impacts of 

changes and maximizing resource utilization. These challenges are intensified by 

increasingly tight timelines and more complex projects that test the management capabilities 

of even the best companies. As a result of these trying times, project planning is experiencing 

renewed attention. Among the many questions that are arising from this re-energized interest 

in planning are: (1) What is planning? (2) What steps should be followed when we plan? (3) 

What activities should be performed when we plan? and (4) How will planning improve 



103 
 

 

project performance? Project planning involves determining a course of action by 

establishing milestones, selecting alternatives, and making decisions. Kerzner (1989) in 

Menches and Awad, (2006), states that planning must be systematic, flexible and iterative (i.e 

it must be performed as the project progresses). Specifically, preconstruction planning, which 

is the focus of this thesis, is defined by Oglesby et al. (1989) in Menches and Awad, (2006), 

as ósetting down procedures in detail about who, what, why, how, when, and where; and it is 

done well in advance of the time when particular tasks are to be undertaken.ô  

         Preconstruction planning, from a contractorôs point of view, may include preparing a 

tracking system, developing a site layout sketch, and preparing numerous written procedures 

that prepare the project team to run an efficient job-site. Menches and Awad, (2006), 

provides evidence to support the notion that better planning contributes to better project 

performance. They contend that effective planning correlates well to successful project 

outcomes by evaluating how closely the actual planning process matched the modelled 

process, where the model or the schedule represents the óidealô set of activities. The 

relationship between this ócloseness-of-fitô and project performance was developed by 

recording the projectôs activity performance on a scorecard using a ómodel matchô number. 

The model match number was an ordinal number (0-1) to indicate whether an activity was 

performed at the optimal time using the following scale: activity performance: (1.00) activity 

was performed at the proper model stage; (0.75) activity was performed earlier than the 

model; (0.50) activity was performed one stage later than the model; (0.25) activity was 

performed two or more stages later than the model; and (0.00) activity was not performed. 

Using this scale, a higher number assigned for each activity in the model represented a closer 

fit to the model. This process of scoring projects based on whether the activities were 

performed at the proper stage as planned - or not at all - provided a way to assess the 

ñoutstanding planning effortò of the projects in the data set and to distinguish those with 
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higher overall scores (to indicated better planning) from those with lower overall scores (to 

indicate poor planning and scheduling).   

         Individual correlations between planning effectiveness and various performance factors 

were also examined. Specifically, the correlation between the summed model match score 

and percent profit was calculated using Spearmanôs rho, and the results showed a correlation 

of 0.44, which was significant at P ᾽ 0.001 level, indicating that more effective planning 

might contribute to greater profitability. Likewise, a correlation between the match score and 

percent change in work hours yielded a value of -0.50, which was significant at P ᾽ 0.000 

level, indicating that more effective planning might be a factor in a smaller change in work 

hours. Furthermore, the correlation between the match score and percent schedule growth 

yielded a value of -0.25, which was significant at P ᾽ 0.06 level, indicating that more 

effective planning might contribute to smaller schedule growth or creep. These correlations 

provide evidence that projects that used a planning process similar to the model planning 

process tended to outperform those projects whose planning process was poorly matched to 

the model. For effective construction scheduling therefore, it is important to distinguish 

current practice which is not necessarily best practice. The construction industry cannot 

continue doing what it has always done and expect better results. It has to find new process 

oriented approaches to improve operations. The development of an accurate timetable for a 

construction project is one of the most important functions that a construction manager 

facilitates. This is a function that cannot be overemphasized. Poor scheduling will invariably 

result in interruptions and delays, extending delivery dates and causing cost overruns. Better 

planning as shown by Menches and Awad, (2006), can assure continuity in the utilization of 

key construction resources and reduce downtime of labour. A good schedule leads to better 

project outcomes. Over the years there have been many surveys that link the lack of effective 

planning to poor project outcomes. CIOB, (2009), commissioned a research on managing the 

risk of delayed completion in the 21st century. The research showed that projects tend to fail 
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if they donôt use effective planning and scheduling methodology. This demonstrates a clear 

link between good schedules (defined as technically competent schedules) and good project 

outcomes. A consensus exists in the construction industry that more formalized 

preconstruction planning is necessary to remain successful in an increasingly competitive 

industry, (Menches and Awad, 2006).   

         Contractors should therefore adopt planning process to improve or formalize their 

planning practices and structure their schedules after successful practices used by their peers. 

Contractors should also use the planning effectiveness scorecard developed by Menches and 

Awad, (2006) to evaluate how closely their planning processes match the modelled field 

process in order to pinpoint specific activities or practices that should be improved upon in 

the scheduling process. Furthermore, in the future, contractors should use computerized 

planning evaluation process based on more sophisticated assessment techniques, which is 

expected to monitor the planning and performance of their projects in order to identify 

particularly effective planning practices to use in scheduling future projects. The CIOB report 

indicates that most projects did not have viable project plans based upon network logic, so it 

is hard to see what criterion success would be measured. If a project finishes ñlateò it is either 

because it was badly managed or because the projected completion date was not realistically 

achievable in the first place? Even when a project plan is based upon a good network it can 

still be hopelessly unrealistic if it is analyzed by traditional deterministic CPM. This is why 

CIOB (2009) posits that may be it is not the project which is late but the expectations which 

are unrealistic. To paraphrase Murphy, if there are many things which could go wrong then at 

least one probably will. The only way to get a realistic plan is to reflect the uncertainty in the 

estimated durations using schedule risk analysis. Inexpensive tools exist to do this. In the 

Microsoft Project environment for example one can use Risk+ or Full Monte Carlo to get a 

realistic plan.   
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The new task inspector tool in Project 2010 and 2013 provides context-sensitive guidance for 

analyzing issues and taking corrective action to make the schedule realistic and effective to 

reduce the possibility of promising the impossible. It is similar to the schedule alert system of 

the MS Project 2010, discussed in Atchison and Kennemer, (2011).  Task inspector is a 

multifaceted pane that offers helpful and intuitive information about a task, such as resources 

assigned, factors that might affect the task schedule, and the calendars in use, (Carl and 

Timothy, 2013). Task Inspector is used in conjunction with Project 2010 visual indicators to 

research potential problems. Task inspector offers options for resolving scheduling conflicts 

derived from a taskôs attributes and assigned resources.  Task Inspector displays the optimal 

solution, taking into account task characteristics (for example, fixed duration), task drivers, 

and resource calendars. For example, on the main menu click Inspect after highlighting a 

task. A pull down menu bar will appear showing:  (i) Inspect Task (ii)  Show Warning (iii)  

Show Suggestions and (iv) Show Ignored Problems. When Inspect Task is clicked the 

particulars of the task are displayed whether it is Manual or Auto scheduled the task start and 

finish dates, the predecessor tasks and calendar adjustment window.  The new task inspector 

and the new schedule alert systems are features which ought to make the scheduling process 

effective capable of producing well evaluated schedules that will make site operations 

efficient. Unfortunately these are not able to show warning, show suggestions, and show 

ignored problems if any in the case of choice between early and late start schedules.       

 

2.8.2 Accuracy of Duration Estimates and Schedule Effectiveness  

The duration of a construction task is an estimate of how long it will take to accomplish the 

work involved in the task. In many cases it is determined by considering the anticipated 

number of resources that are used to accomplish it and the quantity of work involved. An 

increase or decrease to a driving resource allocated to the task will have a direct effect on the 

duration (but this is not a simple óstraight lineô relationship). Other factors influencing the 
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duration of a task are the type or skill level of the resources available to undertake the work, 

the resource calendars and the intrinsic nature of the work. Some activities (e.g. a 24 hour 

concrete stress test) will take a pre-determined amount of time to accomplish regardless of 

the resource allocation. While it is feasible to determine a duration for an activity at any time, 

generally accepted good practice recommends defining the activity first, then key it logically 

into the overall schedule sequence and then focus on how long it will take to accomplish the 

work. At this time the relationship between the activity and other work in the schedule will 

be more easily appreciated and resource flows, team size and the like can begin to be 

determined. According to Kaelble (2014), even if the correct types of ingredients for baking a 

cake are chosen, and the right quantities are not mixed, the resulting cake will not be fine. 

Developing a project schedule poses the same challenge. It is possible to establish a perfect 

plan with regard to sequence of work and logic, correct duration estimates and correct critical 

paths, but if wrong activity start dates are not applied in scheduling start and end dates for 

different tasks, it is likely that the schedule will not be effective and may not perform 

optimally in many ways.  Every construction project schedule has inherent risks or what may 

likely make a plan not to work as conceived, (Nasir, McCabe and Hartono, 2003). These are 

called the anti-plan. If the plan doesnôt include contingency or allocation for potential risks 

and uncertainties, then such a plan is naturally aggressive and overly optimistic, which may 

dramatically increase the chances that it may fail. Construction projects are complex in nature 

and have many inherent uncertainties. These uncertainties are not only from the unique 

nature of the project but also from the diversity of resources used to construct the activities 

(CII, 1989 in Nasir, et al., 2003). In addition, external factors have significant effect on the 

outcome of a project. Broadly, these risks can affect the three basic factors against which the 

success of a project is usually measured: the time, the budget and the quality. Schedules are 

used to control engineering projects (CII, 1986). Most schedules are developed in a 

deterministic manner, i.e., activity durations are given as a single value, usually the most 
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likely duration. There is an assumption that the duration is known with some certainty; 

however, the duration often contains significant uncertainty, especially for nonroutine or 

risky projects. To address this issue, the program evaluation and review technique (PERT) 

was developed by the U.S. Navy around 1958, (Kerzner, 2001). For PERT, the scheduler is 

required to define a statistical distribution for each activity that represents its possible 

durations in light of the uncertainty in the project. Any distribution can be defined; however, 

the beta or triangular distributions are often used, because sufficient data are rarely available 

for analysis to define a distribution with complex parameters. The beta and triangular 

distributions require the definition of three values for each activity-the lower or optimistic 

duration limit (L), the pessimistic or upper limit (U), and the middle or most likely value 

(ML). The values are usually based on experts opinion taking into consideration the 

perceived risks associated with the expected project conditions. The mean and variance 

shown in equations (1) and (2), respectively are calculated for each activity from the three 

duration estimates.     

      Meani = Li  + 4 MLi + Ui                                                                   equation        1        
                               6 
   

      Variancei =  { Ui  + Li }
2                                                   equation       2 

                                 6  

These advances in construction projects duration estimates are good as they ensure 

effectiveness of the schedule model generated. However as observed by Kaelble, (2014), 

developing a project schedule which is a perfect plan with regard to sequence of work and 

logic, correct duration estimates and correct critical paths, is good. But if wrong activity start 

and end dates are applied, the schedule will not likely be effective and may perform sub-

optimally in many ways.    
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2.8.3 Advances and Shortcomings of Duration Estimating Techniques.   

Based on the central limit theorem (CLT), the mean duration of each path is the sum of the 

duration for each activity along the path, (Nasir, et al., 2003). The critical path is the one with 

the maximum duration. The variance of the project duration is the sum of the variance for 

each activity along the critical path. The distribution of the critical path duration can be 

assumed to be normally distributed due to the CLT and is defined by its mean and variance, 

(Nasir, et al., 2003). These values can then be used to evaluate at various levels of 

confidence. For example, the mean value provides a 50% confidence that the project will be 

completed by that date or earlier. PERT has three major limitations. First, it is based upon the 

central limit theorem that assumes all activities are independent. This may not be a 

reasonable assumption in construction scheduling. For example, all activities that require a 

specific trade may be similarly affected if there is a market shortage of that trade. Second, 

significantly more effort is required to estimate three duration values than just the most likely 

value generally used in deterministic scheduling. Third, there is no recognition that the 

critical path may change. Although the critical path is defined as the path with the maximum 

mean duration, another path with a slightly lower mean duration but greater variance may 

significantly affect the project. Monte Carlo (MC) simulation uses probability distributions, 

primarily beta distributions, to represent the variable, in this case, activity duration. Beta 

distributions can be defined with three values for each input similar to those considered in 

PERT: (1) The most likely value; (2) The pessimistic; and (3) The optimistic. Random 

numbers are used to extract one duration estimate from each activity duration distribution 

resulting in one completed project run. The critical path calculations are performed for that 

run to determine the project duration. Multiple runs are made, and the project duration from 

each run is combined to define a probability distribution function (PDF) for the project 

outcome. Output from the MC analysis can be summarized as probability statements about 

the outcome of the events (Bent and Humphreys 1996).  
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In MC simulation, there is no independence assumption. If MC is run assuming 

independence between activities, then the mean and variance of the outcome should be 

similar to that achieved through PERT. Methods have been developed to evaluate joint 

distribution tables in the case of correlated durations (Touran, 1992 in Nasir, et al., 2003). 

Even if independence of the activities is assumed, MC has two major advantages over PERT. 

First, the criticality index (CI) can be calculated for each activity. The CI shows the 

possibility of an activity becoming critical. Second, the cost and duration can be determined 

for each run of the simulation, providing more comprehensive information about the possible 

events and the relationship between these two performance measures, i.e., the schedule and 

the budget. Whether PERT or MC simulations are used, there is still the problem of defining 

the duration distribution for each activity.  And it should be noted that risks are not always 

independent or additive. This is a fundamental assumption error in applying either PERT or 

MC.  The effect of two delay events is not necessarily the sum of their individual effects. For 

example, heavy rain and a labour strike will individually and in combination have the same 

result-no work is done that day, but weighted score models sum the assigned scores as though 

they were additive this is a major shortcoming in duration estimates Nasir, et al., (2003) 

identified from various literature sources of construction schedule uncertainties shown in 

Table 9.  These variables reflect the scope of the problem. They identified two types of 

construction schedule uncertainty variables: (i) The schedule risk variables; and (ii) The 

activity variables.  
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Table 9  
Sources of Construction Schedule Uncertainties   

         Risk Variables                                                                         Definition                                                                                   State of Uncertainty         

   (1) Environmental      

        Earthquake Area                                         History of  earthquake causing damage                                           High/Low  

        Seasons                                                      Seasons that may affect the schedule                                         Dry/Rain season  

        Precipitation                                               History of precipitation Generally                                                 Light/heavy 

        Humidity                                                   Effect of humidity on the progress of work                                      High/Low    

   (2) Geotechnical 

        Archeological survey                                  Was archeological survey done?                                                        No/yes 

        Local geotechnical history                           Geotechnical history of the area                                             Favourable/unfavourable 

        Geotechnical consultant                               Experience of consultants                                                    Experienced/inexperienced 

        Subsurface conditions                                 Unknown conditions that may result in delay                                     High/Low    

   (3) Labour 

        Labour union                                              The labour to be entirely union or a mix                                     Open/closed shop 

        Labour dispute/strike                                   The risk of labour disputes                                                              High/Low  

        Labour availability                                      Is labour abundantly available in the area?                                          Yes/no 

        Labour wage scales                                     Prevalent wages of skilled/unskilled labour                                  High/moderate/low 

        Labour skill level                                        Competency level of labour                                                       High/moderate/low 

       Adverse activities                                        Risk that labour may actively delay progress                                      High/Low  

       Labour injuries                                            Risk to injury, local activity, and regard to site safety                         High/Low  

       Labour productivity                                     General output of labour                                                            High/moderate/low    

   (4) Owner 

        Owner type                                                Type of owner                                                                       Private/public/non-Profit 

        Owner financial stability                              Financial stability with respect to project                                            Sound/risky 

        Decision making                                         Efficiency of decision making by the owner                                  Efficient/inefficient 

        Progress payment                                       Progress payments at time specified in contract                                 On Time/delayed    

  Source: Nasir, et al.(2003) 



112 
 

 

Table 9. Contd.   

     Risk Variables                                                                               Definition                                                                                       State of Uncertainty         

   (5) Design 

        Fast track schedule                                         Is design and construction running concurrently?                                                    Yes/no 

        Design team                                                      Experience in type and size of project                                                     Experienced/inexperienced 

        Project definition                                            The degree to which the project scope is defined                                        Complete/incomplete 

        Design specifications                                    Degree of design specification completeness                                                Complete/incomplete 

        Design quality                                                 Quality in terms of frequency of design reviews/rework                                High/low quality 

        Design changes                                               Risk that design changes will affect work progress                                                High/Low  

   (6) Area condition 

        Construction area                                            Site location                                                                                                            Outside/inside metro 

        Reconstruction project                                  Significant demolition                                                                                                        No/yes 

        Off-site production                                        Other site activity outside of construction                                                                    Yes/no 

        Site congestion                                                Movement of equipment, people, materials affected                                      Open/congested 

        Working hour restriction                             Are work time restrictions in place                                                                               No/yes 

   (7) Political 

        Community attitude                                       Viewpoint of local residents toward the project                                                   Friendly/hostile 

        Strong dissenting group                                Is a strong influential group against the project?                                                       No/yes 

        Potential of delay by others                         Chance of delay by parties outside the contract                                                      High/Low  

 Source: Nasir, et al. (2003)  
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 Table 9. Contd.  

         Risk Variables                                                                         Definition                                                                                                    State of Uncertainty         

  (8) Contractor 

        Contractor experience                                Contractorôs experience including staff profiles                                    High/average/low 

        New technology                                        Will new construction methods be used?                                                      Yes/no 

        Defective work                                         Risk of defects that necessitate rework                                                       High/Low  

        Rework                                                    The chance of frequent reworks                                                                High/Low   

        Disruption                                                Risk of disruption affecting productivity                                                    High/Low    

  (9) Contractor non-labour resources 

       Vendor bondability                                     Is vendor bonded to supply items for a specified time?                                  Yes/no 

       Critical items import                                   Critical equipment or materials being imported?                                    On time/delayed 

       Equipment quality                                      Condition  of contractorôs equipment                                                         Good/poor 

       Theft of equipment                                     Chances of theft of equipment and tools affecting work                                High/Low   

       Damage to equipment                                 Risk of damage to equipment by mishandling                                              High/Low     

       Equipment failure                                      The chance of equipment failure                                                                 High/Low   

       Equipment shortage                                    The chance of nonavailability of equipment                                                 High/Low  

  (10) Material 

        JIT material delivery                                  Level of reliance on just in time material delivery                                        High/low 

        Secure material yards                                 Is material yard secured to avoid sabotage or theft?                                        Yes/no 

        Material theft/fire                                      Chance of sabotage of material by anyone                                                    High/Low  

        Material procurement                                 Status of material procurement                                                         On schedule/delayed 

        Material shortage                                       The chance of nonavailability of material                                                      High/Low    

 Source: Nasir, et al.(2003) 
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Nasir, et al., (2003) further describes how each risk group is an indirect and a direct link to 

project delay factor. These 10 categories of uncertainty specific to building construction 

schedules are environment, geotechnical, labour, owner, design, area conditions, political, 

contractor, contractor non-labour resources, and material. is presented as follows Nasir, et al., 

(2003): 

(1). Environment.  

Weather effects are one of the major sources of schedule risks (Mulholland and Christian 

1999; AbouRizk and Wales 1997; Ruff et al. 1996; Laufer and Cohenca 1990; Bennett 1985). 

The construction work is affected by weather events such as snow, cold temperature, 

humidity, and rainfall, (Thomas et al. 1999; Yates 1993; Ng et al. 1998). Weather conditions 

affect labour productivity either directly or indirectly (Smith and Bohn 1999; Sonmez and 

Rowings 1998; Thomas et al. 1992; Thomas and Napolitan 1995). 

(2). Geotechnical.  

One of the sources of construction schedule risks is differing site conditions, (Mulholland and 

Christian 1999; Ruff et al. 1996; Russell 1993). Ng et al. (1998), reviewed a building 

construction project in Singapore and observed that soil type affects the time required for 

excavation due to very wide variation from initially assumed condition. 

(3). Labour.  

Labour productivity has a major effect on construction progress (Thomas et al. 1999; 

Mulholland and Christian 1999; Finke 1998; Thomas 1992). There are several factors that 

affect labour productivity such as labour strikes, idle workers (Burleson et al. 1998; Smith 

and Bohn 1999; Yates 1993), and labour injuries (Everett 1999; Abdelhamid and Everett 

1999a; Hinze et al. 1998; Hinze and Russell 1995). Unskilled labour and poor wage scales 

not only affect productivity but may also result in labour injuries (Anson and Wang 1998; 

Koehn and Kothari 1995). Labour unions play an important role in providing skilled labour 

and maintaining better labour wages (Fisk 1997; Rowings et al. 1996; Wong and Logcher 
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1986; Maloney and McFillen 1986a). Laufer and Cohenca (1990) discussed the effects of 

labour scarcity and surplus on schedules. Labour disputes are another reason for delay of 

projects (Maloney and McFillen 1986b; Kangarl 1995). 

(4). Owner.  

Poor communication (Dozzi et al. 1996; Luiten and Tolman 1997; Thomas et al. 1998; 

Franks 1990), slow decision making (Bennett 1985; Tenah 1986; Smith and Bohn 1999), 

inexperienced management, inadequate supervision (Sanvido et al. 1992; Mulholland and 

Christian 1999; Arditi and Gunaydin 1998), financial problems, and late payments (Songer 

and Molenaar 1997; Bell and Stukhart 1986; Okpala and Aniekwu 1988) are schedule risks 

that come into play directly or indirectly through the owner. 

(5). Design.  

Design changes are a major risk to construction projects (Thomas et al. 1999; Finke 1998; Ng 

et al. 1998; Yates 1993; Hester and Kuprenas 1987). Experience of the design team with 

similar projects can also affect the project (Daoud 1997; Kartam 1996; Williams 1995; 

Sanvido et al. 1992; Kagan et al. 1986). Incomplete drawings, inaccurate design, and 

incomplete specifications are other sources of risks (Smith and Bohn 1999; Mulholland and 

Christian 1999; Arditi and Gunaydin 1998; Yates 1993; Laufer and Cohenca 1990; Vlatas 

1986). Innovative design (Nam and Tatum 1992), undefined scope, and frequent changes in 

scope affect some projects (Songer and Molenaar 1997; Wong and Logcher 1986). Diekmann 

et al. (1987) identified work grouping and preplanning as important factors affecting a 

project. Fast-track projects have their own set of inherent risks that may affect materials 

management or design quality (Thomas and Raynar 1997; Bell and Stukhart 1986; Vlatas 

1986).  
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(6). Area Conditions.  

Construction in a downtown area brings with it many risks (Russell 1993) including site 

congestion (Ng et al. 1998; Koehn and Kothari 1995; Thomas and Napolitan 1995; Thomas 

et al. 1992; Hester and Kuprenas 1987). Other important risks are traffic conditions near and 

around the site and the requirement for road permits and approvals to move equipment and 

materials around (Fisk 1997; Fisher and Rajan 1996). Sometimes access to the site is 

restricted, security is tight, or there is a restriction of working hours at the site (Bell and 

Stukhart 1986; Krizek et al. 1996; Anson and Wang 1998). Constructing at an operating 

facility has substantial risk, because complaint from users of the facility may cause work 

stoppages or require shifts for convenient hours to reduce disturbances created by the 

construction (Riley and Sanvido, 1997; Daoud 1997; Mulholland and Christian 1999). 

(7). Political Risk.  

Political risks can be an outcome of government instability (Okpala and Aniekwu 1988), 

changes in requirements of permits or approvals (Yates 1993; Mulholland and Christian 

1999; Smith and Bohn 1999), and other institutions that can have an influence on a project 

(Jaselskis and Talukhaba 1998). Community attitude toward a construction project and 

related public inquiries may have a significant effect on the schedule (Randolph, 1993). 

(8). Contractor Risk.  

The contractor risks start with the prequalification process of the contractor and the 

subcontractors, (Mulholland and Christian 1999; Arditi and Gunaydin 1998; Daoud 1997; 

Krizek et al. 1996; Russell and Jaselskis 1992a). A subcontractorôs experience and the ability 

to meet project demands is the major risk factor, (Amirkhanian and Baker 1992; Diekmann 

and Kim 1992; Russell and Jaselskis 1992b; Sanvido et al. 1992; Laufer and Cohenca 1990; 

Okpala and Aniekwu 1988; Maloney and McFillen 1986a). New technology or new methods 

of construction deployed by the contractor have the potential to affect the construction 

schedule (Abdelhamid and Everett 1999b). Construction errors are also sources of risks 
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(Mulholland and Christian 1999; Abdelhamid and Everett 1999a) and may necessitate rework 

(Yates 1993; Friedrich et al. 1987; Thomas et al. 1992; Burati et al. 1992; Stacey 1991; 

Kartam 1996), and create unnecessary interruptions to work, (Bennett 1985; Thomas and 

Napolitan 1995; Christian and Hachey 1995; Hester and Kuprenas 1987; Finke 1998; 

Thomas et al. 1999).        

(9). Contractor Non-labour Resources.  

These risks include basic issues like availability of equipment (Mulholland and Christian 

1999; Thomas and Napolitan 1995; Yates 1993; Smith and Bohn 1999; Thomas et al. 1992; 

Lemna et al. 1986) and quality of the equipment (Amirkhanian and Baker 1992; Koehn and 

Kothari 1995). Disruption of work due to malfunctioning equipment affects the schedule 

(Yates 1993). Evaluation and bonding of subcontractors and vendors are some of the methods 

to avoid risks (Bell and Stukhart 1986; Diekmann et al. 1987). 

(10) Material.  

Material risks include availability or shortage of materials (Mulholland and Christian 1999; 

Thomas and Napolitan 1995; Okpala and Aniekwu 1988; Teicholz 1987) and late delivery or 

procurement of materials (Smith and Bohn 1999; Thomas et al. 1999; Anson and Wang 

1998; Ruff et al. 1996; Yates 1993; Thomas et al. 1992; Diekmann et al. 1987; Lemna et al. 

1986).  

Accuracy of duration estimates will likely be affected by the following classification of 

construction activities: (a) Mobilization and demobilization activities (b) Commissioning 

activities (c) Foundation and piling activities (d) Labour intensive activities (e) Demolition 

activities (f) Equipment intensive activities (g) Roof, and external works activities  (h) 

Mechanical and electrical activities etc.   
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2.9   ASSESSING THE ACTIVITY START VARIANCE  
 

When the variability in activity start is examined, results may suggest that good and poorly 

performing projects can be differentiated by this variability measure. The less variable the 

activity start date, the better the project performance and on the other hand, the more variable 

the worse the project performance. Various schedule measures are analyzed to identify and 

better understand the effect of schedule variances, GAO. (2009). Examples of such measures 

for comparing the current schedule to the baseline plan include the number of activities that:  

       (1) Have started early, on time, and late  

       (2) Have finished early, on time, and late  

       (3) Should, but have not started  

       (4) Should, but have not finished  

       (5) Should, not but have started  

       (6) Should, not but have finished  

Trend analysis involves collecting job-site process data during each status period and plotting 

them over time. Sustained variances in one direction should be documented to assess whether 

the project is heading toward a problem and to determine whether action is necessary. Trend 

analysis provides valuable information about how a program is performing. Knowing what 

has caused problems in the past can help determine whether they will continue or occur in the 

future. Further, GAO. (2009), posits that typical trend of schedule data can help managers 

know what is happening in their projects and provide basis for: comparisons of the 

cumulative number of completed activities to the cumulative number of baselined activities 

planned to be completed during the data date day; comparison of the cumulative number of 

activities forecasted to be completed to the number of activities planned to be completed; 

available resources over time, highlighting over allocations; total float and schedule 

contingency tracked by status period or data date; comparison of actual, forecasted, and 

baseline completed activities. This last plot is useful for identifying potential number of 
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activities that will have to be completed at a higher rate than the rate at which activities have 

been previously completed. For example, if on average 15 activities are accomplished every 

two-week period, yet forecasts imply that 30 activities need to be completed every 2 weeks to 

finish on time, the schedule is most likely unrealistic. A measure known as the baseline 

execution index (BEI) is commonly used in baseline analyses, (GAO, 2009). It is the ratio of 

the number of activities that were completed to the number of activities that should have been 

completed by the status date. A BEI of 1 indicates that the project is performing according to 

plan. A BEI less than 1 indicates that, in general, fewer activities are being completed than 

planned; a BEI greater than 1 indicates that, in general, more activities are being completed 

than planned, which is desirable. Therefore in this thesis, effort shall be made to measure the 

baseline execution index where differential early/late start schedule approach is adopted 

compared to the default approach of applying early start schedules. This research therefore is 

an incremental contribution of the solution in GAO. (2009), that BEI is only a summary 

measure which does not provide insight into why activities are not being completed 

according to plan. This is because the BEI measured in this thesis will be related to the 

underlying factor that likely generated them, i.e, their generation in different scenarios of 

early and late start scheduling options.     

         The BEI is an objective measure of overall project performance because it compares 

actual completion to planned completion. However, it is only a summary measure - that is, it 

does not provide insight into why activities are not being completed according to plan or take 

into account the importance of their not being completed according to plan. The scheduleôs 

status determinant if tasks start and finish on time, although essential to nearly all projects, is 

only one indicator of overall project performance, (Carl and Timothy, 2013). For projects that 

include cost information, another important key performance indicator is cost variance: Are 

tasks running over or under budget? Although schedule (time) variance  and cost (budget) 

variance may be significantly related, it is important to consider each individually because 
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the effects of schedule variance may not always bear significant relationships with the effects 

on cost variance, (Carl and Timothy, 2013). This assertion by Carl and Timothy, (2013) 

justifies the treatment given here of discussing only the aspects of schedule variance: activity 

start and activity finish variance.  Appendixes A4 and A5 illustrate schedule variance and 

cost variance. Carl and Timothy, (2013) posits that when Appendixes A4 and A5 are plotted 

with real process data they show that schedule variance bears a close relationship with 

schedule cost variance. It should however be noted that it may be possible to show that the 

reason for wide schedule variance is the scheduling options adopted while the reason for cost 

variance may be due in addition to some other factors like approved variation and increased 

market prices of building materials and labour. What caused the wide cost variance in the 

project? It is noted that project costs are almost entirely derived from work performed by 

resources, it can be concluded that more work than was initially scheduled has been required 

to complete the tasks to date therefore examining schedule variance is not the same thing as 

examining the cost variance.  

         It is important that thorough causal reasons for the cost variance should be established.  

This is because the dollar amount of cost variance, while important, does not tell the whole 

story. What would be useful to know is what tasks had the highest percentage of variance and 

why? A task with a $1,000 baseline and $1,200 actual cost has a lower percentage variance 

than does a task with a $100 baseline and $200 actual cost. In complex projects, 

understanding which tasks and during which period are prone to greater percentages of 

variance can help avoid similar problems in the future. Abu-Hijleh and lbbs, (1993) opines 

that there are three distinct stages of project progress: (1) The early stage (say, 0%-20%); (2)  

The steady-state production stage (e.g., 20%- 80%); and (3)  The late stage (e.g., 80%-

100%). These points are only approximate points of delimitation and are not the same for 

every project. The last stage (winding-up) marks the point beyond which management cannot 

meaningfully affect performance. By then most budgeted resources are expended and 
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overruns are not correctable. Early detection of problems within the 0%-80% project 

completion window improves chances for the success of corrective action. Activity start 

variance which occurs during the steady-state production stage is likely to have significant 

cost effect on the project because at this stage significant cost commitment have been made 

on both labour, material and plant items and are even probably moved to site. This will 

significantly increase downtime cost as well as storage cost of materials. 

         If project performance differs from the baseline plan, a variance has occurred in generic 

terms. Variance is usually measured as time, such as days behind schedule, or as cost, such as 

dollars over budget. After initial project planning is complete, many project managers spend 

most of their time identifying, investigating, and, in many cases, responding to variances. 

However, before one can respond appropriately to variance, it must first be identified. 

Discussing the basic project management question: Is variance a good thing? Project 

management, generally looks for variances that can have adverse effects on a project, such as 

variance that pushes out the start or finish date of project tasks or increases the cost of a 

project. However, the term variance refers to any difference between planned and actual 

schedule events. Even differences that have a helpful effect, such as an earlier start or early 

finish date or a lower-than-expected cost should be noted and reported to project stakeholders 

as variance. Should one have the good fortune of managing a project that experiences such 

helpful variance, the techniques described here will help identify the beneficial variance as 

well as adverse variance. The focus of project management is basically the same regardless 

of the nature of the variance, whether beneficial or adverse. When it does occur, it should be 

communicated and its effects well made known to project sponsors and other stakeholders. 

Further if it is an adverse variance, effort is made to mitigate it according to the nature of the 

project. While processes and procedures that produced positive variances should be 

documented for use in future projects. In order to bring more reliability to the construction 

scheduling process, a workflow leveling strategy known as even flow production has been 
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advocated for the construction industry in recent years. Even flow production is a strategy 

intended to reduce the variability in the workflow for trade contractors thereby gaining 

production efficiencies in terms of schedule, quality and budget, (Bashford., Sawhney., 

Walsh and Kot, 2003).  Two such common strategies are activity-based even flow production 

and start-based even flow production, (Bashford, et al. 2003). When most project tasks start 

as at when scheduled with minimal variability, there will likely be gain in production 

efficiency.     

         Building and civil engineering contractors searching for greater efficiency and speed of 

construction have attempted to create a production line process at the construction site 

modelled after production lines used in the manufacturing industry. However, builders have 

found that techniques to optimize óbuilding production lineô are not immediately apparent. 

Numerous obstacles have been encountered, the most difficult of which center around issues 

related to coordination of the numerous independent trades utilized in building construction. 

The inherent and unique nature of building construction makes it almost impossible to start 

even 25 % of planned activities as scheduled. Recent efforts to implement a production 

control mechanism resulted in a system termed óeven flow productionô by the industry. Initial 

results of implementation indicate that even flow production holds promise as a tool for 

addressing many of the production control problems faced by builders.  Given the fact that 

variability cannot be completely eliminated, buffers of various types are advocated to reduce 

variability. Park, and Peña-Mora, (2004) posits that reliability buffer aims to systematically 

protect the whole project schedule performance from being disrupted by failures in individual 

activities. Goldratt (1997) in Park, and Peña-Mora, (2004), suggestions placing constraint 

buffers in front of critical activities to minimize resource and information constraints. It 

should be noted that very large time and materials inventory buffers applied to manage 

variability may increase lead times and further deteriorate system flexibility. Schedule 

variability, uncertainties in the construction process, task duration uncertainties, resource 
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requirement and resource availability uncertainties have called for improvement both in 

schedule formulation and its implementation, (Tommelein and Markus, 1999., Lawrence and 

Sridharan, 1989., Gupta, 1989., Samson, et al. 1989., Low and Choong, 2001., Rene, 1999., 

Hillman and Richard, 1989., Oliver, 1989 and Singh and Kwok, 1989). Methods like 

contingency allocation and buffers; the lean production philosophy and the last planner; just-

in-time and the kanban; and knowledge-based systems are commonly used by planners to 

reduce schedule variability, process uncertainties and increase process efficiency. The extent 

to which these can improve the process however is not certain. In particular there is much 

doubt and debate if methods like just-in-time, the last planner and the lean philosophy which 

may work well in manufacturing industry, adequately satisfy the peculiar nature and 

requirement of the construction industry, (Low and Choong, 2001).  

         There is tendency to waste time as a result of reserves that are liberal. And it is a truism 

that work time normally expands to fill allotted time and so project buffers, feeding buffers, 

activity buffers and other forms of buffers particularly regarding time should be used very 

cautiously in scheduling. This is because the system will gradually but definitely óeatô up and 

into these reserves. More importantly, no method exists for monitoring and reporting on 

consumption of allotted reserves in the project reporting system. Therefore a reduction in 

buffers needed to accommodate work flow uncertainty could result in reduced project 

duration. Can workforce management strategies reduce this variability? To what extent can 

the scheduling process be used to address and reduce activity start time variability? These are 

questions the scheduling process should address. Building, verifying, and communicating a 

sound plan might take most time of a project manager. However, planning is only the first 

phase of managing a project. After the planning is completed, the implementation of the 

project starts. This is carrying out the plan that was previously developed. Ideally, it is 

desirable that projects are implemented exactly as planned, but this is seldom the case. In 
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general, the more complex the plan and the longer its duration, the more opportunity there is 

for variance to occur.   

         Variance is the difference between what is intended to happen (as recorded in the plan) 

and what actually happened (as recorded by project tracking). Properly tracking actual work 

and comparing it against the original plan enables one to identify variance early and adjust 

the incomplete portion of the plan when necessary. Tracking actuals in a plan should include 

recording the percentage of task that has been completed as well as its actual start and finish 

dates. These methods of tracking progress are fine for many projects, but Microsoft Project 

2013 also supports more detailed ways of tracking. One of such is activity start and finish 

variance which will indicate significant effect on idle time of construction resources as well 

as the project duration.        

 

2.9.1   The Schedule Variability and Schedule Reliability    

The schedule assessment guide and the cost assessment guide of a construction project 

together offer a consistent methodology for developing, managing, and evaluating the cost of 

capital projects. Schedule and cost variance are closely related. If a plan has one, it likely has 

the other. Schedule variance is caused by tasks that have slipped from their planned start or 

finish dates as recorded in a baseline. Schedule variance is usually followed by cost variance. 

This is because some of the project costs such as labour, supervision, hired equipment, and 

facilities cost more if the project takes longer. For a reliable construction schedule three 

flows are considered important to improve schedule reliability. These are materials/resource 

flow reliability, equipment flow reliability, and information flow reliability. The means to 

make sure that adequate resources are available at the right time must be considered. When 

needed, if resources are not in place, construction is delayed and this will affect start of 

subsequent tasks by varying the availability of prerequisite work. Correct, complete, and 

timely information is always a concern in construction. The disruptive consequences of 
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inadequate and inaccurate drawings are well documented in Thomas, Horman, De Souza and 

Zavr ĝski, (2002). A reliable schedule therefore can contribute to an understanding of the cost 

impact if the project does not finish on the due date. Management tends to respond to 

schedule delays by adding more resources or authorizing overtime, (Thomas, et al, 2002). 

The extent to which this a beneficial method is debatable. Early initial schedule risk analysis 

allows for a proactive program management to reduce the cost effect of schedule slippage 

when developing the project cost estimate. A cost estimate cannot be considered credible if it 

does not account for the cost effects of schedule slippage.   

         The path correct float use and correct float consumption in the network is an effective 

method to cope with various uncertainties existing in construction and may help in reduction 

of schedule variability, (Zhong and Zhang, 2003). And this may make project delivery date 

certain, realistic and improve the chance that events occur as planned. In construction, the 

objective of planning is to complete a prescribed amount of work within a prefixed time, at a 

previously estimated cost, and to specified standards of quality. However, construction 

projects are normally performed in an environment characterized by varying degrees of 

uncertainties. These uncertainties are the core reason for variability in the schedule. Factors 

(Faniran et al. 1998) such as weather, labour skills, site conditions, and management style 

and quality can influence the duration of construction activities and cause much variability in 

activity start and activity finish dates in the project. Variability is common on construction 

projects and must be managed effectively, (Thomas, et al. 2002).  Such management 

thinking, like the lean production technique, has suggested that improved labor and cost 

performance can be achieved by reducing variability in activity start and activity finish dates 

of the project, (Thomas, et al. 2002). Conceptually, it is often more cost effective to manage 

variability than to eliminate it.   

         Many researches (Cox, 1995; Ben-Haim and Laufer, 1998; Ayman, 2000) have 

investigated the completion time distribution under uncertain conditions. Research studies 
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indicate that construction planning efforts usually fail to achieve their objectives. Reasons for 

uncertainties in duration of the construction activities (Williams, 1990) were summarized as 

resource requirements of activities, resource availability, and the precedence relations. These 

types of uncertainties are difficult to model with conventional project scheduling tools. Risks 

associated with project delays (Shen, 1997) were identified. These risks were described as 

insufficient or incorrect design information, shortage of materials/plant resources, inaccuracy 

of project schedules, subcontractorsô manpower shortage, variations in ground and weather 

conditions, abortive works and rework due to poor workmanship or specification, shortage of 

skills/techniques, and poor coordination of subcontractors. Sources of risks affecting 

schedules (Mulholland and Christian, 1999) are categorized as four classes: engineering 

design, procurement, site construction, and project management. The detailed information 

about these items can be found in Mulholland and Christian, (1999).  

         Since the critical path method was invented to plan and schedule large projects, many 

models of its variants have been developed to cope with the uncertainties in project planning 

and scheduling. These are the program evaluation and review technique (PERT) and the 

discrete event simulation. Lee and Arditi, (2006) posits that the orientation of CPM is 

óódeterministic;ôô the orientation of PERT is óóprobabilistic,ôô and the orientation of discrete 

event simulation is óóstochasticôô. Compared with the simulation method, PERT leads to 

optimistically biased project duration, since PERT inherently ignores all subcritical paths 

(Halpin and Riggs 1992; Ahuja et al. 1994) cited in Lee and Arditi, (2006). The most 

promising approach to eliminate this problem is simulation, (Douglas 1978; Martinez and 

Ioannou 1997). Discrete event simulation can be used to complement PERT and to enhance 

the scheduling of project activities (Crandall 1977; Douglas 1978).  Discrete event simulation 

appears to be the most reliable method of predicting the total behaviour of a network which 

displays probabilistic and stochastic features. Complementing PERT with discrete event 
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simulation can reduce the errors that are introduced by the PERT assumptions discussed in 

MacCrimmon and Ryavec (1962) and Van Slyke (1963).  

         Diaz and Hadipriono, (1991) analyzed the theoretical background by comparing the 

PERT, PNET (probabilistic network evaluation technique), NRB (narrow reliability bounds), 

MCS (Monte Carlo simulation) and SMCS (simplified Monte Carlo simulation). Gong and 

Hugsted (1993) developed a merge-event time-estimation technique to combine the 

uncertainties of both critical and noncritical path activities into a time-risk analysis of a 

project network. Gong and James (1995) also presented a safe float use range concept on 

activity to solve the joint influence of float use and the uncertainty of noncritical activities on 

the project time. Wang and Demsetz (2000a, & b) presented the simulation-based model 

NETCOR (NETworks under CORrelated uncertainty), which incorporates the effect of 

correlation in network schedules and provides factor sensitivity information to support 

schedule risk management. All the above methods, deterministic, probabilistic and stochastic 

are based on assumptions that: 

(a) The number of activities in a project network is defined as a constant and may not change 

(b) The logical relations among activities do not vary during project performance 

(c) The activitiesô duration can be estimated and defined as independent from each other    

(d) The total time distribution of activities in the project is approximately normal 

Concerning the path float, only very little literature is available which analyze the risks 

caused by float use or float consumption. All the models of the network are based on the 

assumption that all floated activities in the network should be started as early as possible, 

(Zhong and Zhang, 2003). But the extent to which this is a beneficial option is doubtful. 

         In construction projects, floats on the noncritical path are used to cope with the 

uncertainties described above. However, when total float on any path óiô is completely used, 

expected finish time TSI will include more uncertainty.  In other words, the duration which 

includes much risk is induced when the path float is used completely on the noncritical paths 
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with a variance larger than that on the critical path, (Zhong and Zhang, 2003). The noncritical 

path may become critical when all float is consumed. It is important to note that path float 

use must be limited to the safe range.  Most construction managers usually look at the total 

path floats as the safe range, and so tend to use them completely in fixing dates in the 

schedule. But this is misleading. The use of noncritical path float to cope with uncertainties 

on site should ensure that the critical path remains unchanged or the noncritical path does not 

become critical. Managers in construction should therefore avoid this misleading use of path 

float consumption. Current concept of path float is based on the traditional CPM, where the 

activity duration is assumed as deterministic, and the expected duration for any path is also 

constant. Using the noncritical path float completely can only change the expected time on 

the noncritical path within the critical path duration. However, with PERT, both the activity 

duration and path expected time will become random or nondeterministic, and errors will be 

impossible to avoid. So using the noncritical path float completely can both change the 

expected time on the noncritical path as well as change the critical path, (Zhong. et al, 2003).  

They conclude that the delay risk and variability risk will be greatly reduced by using the 

path float only within a safe float use range.  This, it is hoped may improve schedule 

reliability.       

 

2.9.2 Effects of Schedule Variability on cost of Materials Inventory   

Buffers operate to provide a cushion or shield against the negative impact of disruptions and 

variability (Howell et al., 1993; Ballard and Howell, 1995). Recently, Park and Peña-Mora 

(2004) empirically studied how buffers could add reliability to project operations. Horman 

and Thomas, (2005), citing Horman (2000) in his analysis of different types of buffers listed 

in Figure 15, suggested that when buffers are used correctly they not only provide shielding, 

but they provide the ability to efficiently respond to project variability conditions thereby 

enhancing overall project performance.   Figure 15 shows that different mechanisms can 
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operate as a buffer. The figure also shows that these mechanisms incur different costs and 

provide different levels of responsiveness. For example, budget contingencies (e.g., 

additional money unassigned but included in the budget) perform as a buffer by providing the 

project team the capability to respond to unforeseen challenges.  Importantly, some buffers 

can be converted more readily to a useful form than others. The readiness of this conversion 

defines the responsiveness of the mechanism. Thus in the scheme of available buffer 

mechanisms, contingency tends to be one of the more unresponsive. However, the more 

responsive mechanisms tend also to be difficult to revert to a valuable form (like money). As 

contingency is made available in monetary terms, if it is not spent, it is returned to the project 

team or owner (as defined by the contractual agreement). Consequently, care is needed when 

using buffers because they can be unhelpful if made available in the wrong form.      
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Contingencies          Inventories             Time              Workflow               Operating Capacity 
 
 

                   
 

 
Relatively                                                                                                 Highly  
Unresponsive.                                                                                           Responsive.                                 

(expenses more easily recovered                                                              (expense is incurred  
or converted to other things for other                                                       regardless of  

benefits if not used)                                                                                  whether used)  

       Figure 15. Characterisation of the Responsiveness of Different Types of Buffers. 

        Source: Horman, (2000) 
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Needless to say, many construction projects are uncertain and complex, and since it is 

unlikely that all construction variability can be eliminated, construction managers must learn 

to manage the work under conditions of variability (Howell and Ballard 1996). Rather than 

being an alternative to better planning, researchers are studying how buffers can work 

effectively with planning strategies to help manage these difficult conditions (Ballard and 

Howell 1995, Thomas et al. 2002a; Park and Peña-Mora 2004). Thus as the functions of 

buffers evolve there is a need for detailed study of their impact, how best to locate and size 

them to achieve best performance and how construction planning and scheduling strategies 

may affect different types of buffers.  There are many types of buffers illustrated in Figure 

15. Ballard and Howell, (1995) posits that at the task level, the more common ones are 

inventories (e.g., material stockpiles); time buffers; and capacity buffers (additional 

equipment and craftsmen). There has been much research work in the use of these buffers in 

construction, but this section of this thesis focuses on the effect of construction scheduling on 

the management of materials inventory or materials buffers. The use of material stockpiles as 

a buffer occurs when more material is made available than immediately needed. This 

stockpile feeds the construction process which can proceed with its task. The ability to have 

continuity of work independent of the conditions is the critical capability provided by 

material stockpile buffers. Setting the optimum size of material stockpiles in construction is 

often done intuitively. Material stockpiles help manage the variable conditions of 

construction by cushioning activities from variability, (Horman and Thomas, 2005). When 

material stockpiles, or inventory, are used in this way, they act as a buffer.  Buffers are used 

to cushion the effects of unexpected increase in production rates without waiting to make 

available construction resources. In using material stockpiles as buffers, management is faced 

with the dilemma that large buffers can lead to congestion which impedes performance, but 

they can stop, slow, or disrupt production when material stocks are too low. These concerns 

are substantial. In a separate study based on observations of more than 125 construction 
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projects, Thomas et al., (2005), found that the lack of materials is a common occurrence and 

that it adversely affects labor performance. Through a trial and error process, smart managers 

get better at setting the size of stockpiles. However, many managers still set them incorrectly: 

Either too large or insufficient. But the issue being addressed here is not the size of 

stockpiles, too large or insufficient buffers, but the effect of activity start time variability on 

material stockpiles, material inventory, or material buffer.  

         In manufacturing, improved productivity systems ensure that material stockpiles 

(inventories) during any period are reduced or eliminated because they do not directly add 

value and are wasteful (Ohno, 1988; Goldratt and Cox, 1992; Wild, 1995; Womack and 

Jones, 1996 & Hopp and Spearman, 2001). Excess material stockpiles can hamper 

performance by slowing the detection of problems and incurring storage costs. This reduction 

in inventory could be enhanced if the schedule is formulated to reduce variability in activity 

start time to a minimum, ensuring that the stockpile materials are moved in and out of the 

works as scheduled. The reduction of inventories is one of the reasons for just-in-time (JIT) 

material deliveries. The focus in these improved production systems is on minimizing 

inventory. Though minimisation of inventory is important, but what is more important is 

enhanced material flow reducing the difference between the quantity that came into stock and 

the quantity taken out during a production period with likely minimal inventory cost as 

illustrated in the cumulative materials flow report during a month in Table10.                   

         The importance of materials management and control in construction has long been 

established, (CII, 1987 in Navon and Berkovich, 2005; Formoso et al., 2002; Poon et al., 

2004). Further, Chai and Yitzchakov, (1995) in Navon and Berkovich, (2005) emphasize the 

importance of monitoring the flow of materials and the data associated with them, such as 

their quantities and inventory levels. There is an increased tendency to reduce inventory 

levels which is believed may reduce holding cost. This reduction in inventory levels will 

likely be affected by the tempo and effectiveness of the construction schedule. For instance, 
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when construction materials and components are moved to the job-site based on the schedule 

and events occur as planned, minimal stock holding cost are incurred because as materials are 

delivered, they are built into the works almost immediately. But if tasks experience much 

variability in start time the flow of materials in and from the stock is likely hampered and 

will increase stock holding cost. The benefits from efficient materials management and 

control system are (Bell and Stukhart 1987; Hendrickson and Au 1989; Akintoye 1995; Choo 

et al. 1998; Formoso and Revelo 1999; Thomas and Sanvido 2000; Formoso et al. 2002; 

Poon, et al. 2004): 

(1). Increased productivity and avoidance of delays. Estimates of increased productivity vary 

from 8% (Akintoye 1995) up to 12% (Bell and Stukhart 1987). This is mainly due to the 

availability of the right materials prior to work commencement and the ability to plan the 

work activities according to the availability of materials (Akintoye 1995). Choo, et al., 1998) 

asserts that the biggest problem field workers face is coping with discrepancies between 

anticipated, actually needed, and availability levels. There is a need to reduce these 

discrepancies, particularly those between the anticipated level due to the schedule and those 

actually needed due to the variability in activity start time.    

(2). Reduction in man hours needed for materials management. The purpose is that the 

difficulties and manhours required in stockpile retrieval should be readily reduced, (Thomas, 

et al., 2005). Bell and Stukhart, 1987, showed that on projects lacking materials management 

systems, craft foremen spend up to 20% of their time hunting materials and another 10% 

tracking purchase orders (time that they could otherwise devote to supervising workers).  

(3). Reduction in the cost of materials. This is due to reduction in waste caused by manual 

and inefficient materials management and control, (Bell and Stukhart 1987; Formoso et al. 

2002; Poon et al. 2004), which causes errors in purchase orders and reduced shipping costs 

(Li et al. 2003).  
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Navon and Berkovich, (2005) posits that the major problems identified at this stage were: 

Materials arriving to the site at the wrong time, or in the wrong quantity; Materials whose 

specifications do not match the ones in the purchase order; Forgetting to order materials; 

Unavailability of information regarding the status of the orders; Lack of complete and up-to-

date information regarding arrival of materials to the site and, or, regarding on-site stocks; 

Surplus of, or missing, materials; Lack of storage space for materials on site; and Waste of 

man hours searching for and tracking materials.  Ng., Shi and Fang, (2009) posits that project 

planners and construction managers prefer to maintain more stock than required of 

construction materials on the job-site to avoid valuable labour and plant resources staying 

idle waiting for needed materials and components. Though the just-in-time (JIT) system is 

reputed not to receive quantity discount or price discount because it does not consider 

optimal order quantity, QMAX , as in the case of economic order quantity (EOQ), it is still 

believed by many to hold potentials for improved productivity, (Wu and Low, 2005). This is 

why many construction companies are still using the EOQ based inventory ordering system 

to purchase their required materials. Despite the fact that minimising the buffer stock would 

improve the productivity of a construction project, no one likes to take this risk especially 

when the consequences are not totally clear. The possible savings in time and cost due to 

different amounts of buffer stock on site needs to be evaluated. This problem is aggravated 

when viewed in relation to the variability in activity start time and activity finish time.  

Ordering and delivering materials at the right time to the job-site is crucial to the success of a 

construction project (Sobotka, 2000). This will not only improve overall construction 

productivity by lowering the input side of the equation of productivity, (P = O/I, where: O = 

output and I = input) but could also lead to savings in project on-costs (Agapiou, et al., 1998). 

In order to minimise the frequency of materials handling while focusing on the critical issues 

in the construction process (Christopher, 1998 in Ng, et al. 2009), said that there have been 

attempts to apply the just-in-time (JIT) management philosophy to control the flow of 
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construction materials. The just-in-time philosophy can minimise the amount of stock held on 

site and reduce the overall operation time. However, much variability in activity start and 

activity finish time will inhibit the application of the JIT management philosophy and the 

realisation of its benefits which are a reduction in inventory levels, a reduction in site storage 

space, a reduction in site and head office overheads and a reduction in overall production 

costs, (Akintoye, 1995; Low and Chan, 1997 in Ng, et al. 2009). That is, the JIT system leads 

to improvements in productivity (Low and Choong, 2001). This savings should offset the 

additional costs induced by a more frequent delivery schedule and lower discounts. A survey 

in Denmark pointed to a 10 per cent increase in productivity should the JIT approach be 

adopted (Bertelsen and Nielsen, 1995). As distinguished from the traditional EOQ or the 

ñpushò concept, the JIT philosophy requires the exact amount of materials to be delivered 

when they are needed for installation.     

         Confronted with unpredictable and uncontrollable production environment, erratic 

activity start variability, and events not occurring as planned, the JIT approach in 

construction projects is far less popular than in manufacturing industries. It should be noted 

that any shortage in construction materials may result in valuable plant and labour resources 

on the job-site being idle thereby increasing project cost, (Low and Mok, 1999). A study 

conducted in Singapore (Low and Choong, 2001) indicated that only one of the 40 surveyed 

construction sites applied JIT delivery while immediate hoisting was adopted by 30 per cent 

of the surveyed sites. This is why Low and Chan, (1997) posits that certain adjustments needs 

to be made to JIT principles to make them more practicable for use in the construction 

industry. What seems more sensible is restricting stock to a bare minimum level instead of 

relying entirely on concurrent delivery programme. The stocks on site (i.e. buffer stocks) 

should be just sufficient to cope with Just-In-Case needs (JIC) if there is any unexpected 

advancement in schedule and/or an occurrence of non-schedule complying (Drummond et al., 

1994). However, how to streamline the flow of construction materials and determine the 



136 
 

 

optimal buffer stocks remains an arts rather than a science to decision-makers because so 

many uncontrollable variables can affect the decision. It is difficult if not impossible to 

foresee the outcome because of uncontrollable activity start variability. This variability, when 

ópending activitiesô (those to be done in the near future, whose predecessors are completed 

and whose early start falls within the specified time duration) vary in start or finish, will 

greatly affect the potentials of streamlining the logistics of major construction materials and 

minimising the time between arrival of materials at the job-site and its dispatch for use. The 

point is that quantities of materials needed for each pending activities constitute availability 

on the job-site. And if not used due to the discussed variability will represent an increase in 

inventory cost. This is the problem revealed in Navon and Berkovich, (2005) model which 

compares the planned and actual consumption of materials for each activity. The material 

flow summary in Table 10 can be plotted for different activities in different construction sites 

when different scheduling options of early and late start schedules are adopted. And this may 

reveal a trend that flows in early start schedules are more or less desirable than flows in late 

start schedules or vice-visa. Table 10 reports details for each material flow, the incoming 

quantity, the outgoing (dispatched for use) quantity, the existing stock left in inventory, the 

planned quantity to date, and the deviation between the planned and actual quantities. The 

report can be given for specific dates. Table 10 suggests that most materials supplied were 

used as soon as they came during the report period of one month. Only binding wires and 

wood, (4.73 % and 0.68 % respectively) were observed to be left in stock during this report 

period. This shows a schedule progress which enhanced good material flow with likely 

minimal inventory cost. Therefore as hinted earlier this type of trend analysis and plot for 

different activities in different construction sites when different scheduling options of early or 

late start schedules are 

 adopted is a useful performance indicator that could justify reason for choice of early or late 

start schedules as investigated in this thesis.  
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2.10      REASSESSING THE CRITICALITY CRITERIA     

 

The importance of network based scheduling techniques for construction projects cannot be 

overemphasized. The JCT (1998) and ICE (1999) conditions of contract specifically demand 

the builder to submit a programme of work showing how he intends to construct and 

complete the works at tendering. Booth, (1993) observes that in the UK, construction 

contracts demand the provision of a network based schedules to accompany tenders. These 

network techniques were developed in the USA and almost simultaneously in the UK and 

France around 1950, initially to plan and control project time, (BS 6042: Part 2, 1992).  

Birrel, (1980) notes that the CPM and PERT being developed for military use in a war-like 

situation, the time element of the project being planned was of greater importance and 

urgency than the óefficient useô of resources. They have however been extended to handle 

resources, uncertainty of outcome etc, and are shown to have such benefits as: Clear 

definition of project scope and the identification of interrelationships between tasks; A means 

of coordination of different organisations within the project; Both a project planning and 

scheduling method; A ready means of reviewing progress and exercising control of time, 

resources and cost; Clear identification of critical and priority areas, and an excellent model 

for ówhat-ifô analysis and decision making.  
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Table 10 
Cumulative Materials Flow Report During a Month Period  
 

Description       Unit         In          Out      Stock     As-planned   Deviation    % of stock left  
 

 
 
Binding wire                         

 

 
 Kg  

 
 

 
  275  

 
 

 
  262  

 
 

 
  13 

 
 

 
     275 

 
 

 
   - 4.7 

 
 

 
       4.73 

 
 

 
Concrete  
 

 
Cu.m  
 

 
1358.5 
 

 
1358.5  
 

 
   0  
 

 
    1400  
 

 
    - 3  
 

 
         0 
 

 
Nails (5kg)  

 

 
Packet  

 
   63 

 

 
  63  

 

 
   0 

 

 
     60  

 

 
     5  

 

 
         0 

 
 
Rebar  

 

 
Ton  

 

 
122.1  

 

 
122.18  

 

 
   0  

 

 
   140  

 

 
   - 13  

 

 
         0  

 
 

Spacers  
 

 

Piece  
 

 

1300  
 

 

1300  
 

 

   0  
 

 

   1300  
 

 

     0  
 

 

         0 
 

 

Twisted wires  
 

 

Kg  
 

 

  738  
 

 

  738  
 

 

   0  
 

 

     550  
 

 

    34  
 

 

         0  
 

 

Wood  
 

 

Cu.m  
 

 

80.58  
 

 

80.00  
 

 

0.55  
 

 

     70  
 

 

 - 14.3  
 

 

      0.68  
 

 
     Source: Navon and Berkovich, (2005)                                                                                                                                                                         
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Generally, networks are informative and they provide simple means of assessing the 

combined effects of activity logic constraints and limited resources in meeting the project due 

date.  The essentials of network based techniques are the identification of the critical path 

obtained from backward pass, forward pass and float calculations. The path defined as 

critical enables office and work face managers to place appropriate priority in order to 

progress the works to a scheduled completion. Fundamentally, what determines criticality is 

activity duration and logic dependency. When activity duration is reduced by applying more 

resources, criticality tends to shift. But it is recognised also that there are some other tasks 

whose durations cannot be reduced by applying more resources e.g., long-lead component 

supply task, information requirement task and test and approval tasks etc. 

         Though these techniques capture the construction process fairly well, there are still 

areas in which the method is deficient. Levitt and Kunz, (1985) notes that network based 

techniques present only the end results of the initial schedule analysis and schedule creation. 

They only capture explicitly the activities, their duration, logical dependencies, scheduled 

start and finish dates and resource requirements. However, the expertôs knowledge about task 

attributes domain that was employed during schedule creation is unavailable either in 

interpreting the schedule or in its performance assessment and evaluation. Richard, (1990), 

citing David (1987), who investigated the use of the information provided by the critical path 

to effectively meet the project due date concludes that the full story is not told by these 

techniques and that in reality in order for the project to be completed on time, both activities 

on the critical path and several other activities not on the critical path which may have even 

higher priority deserve important consideration. But for large scope project with well over 

5000 activities, priority areas need to be identified in some way. The research question 

whether the time element alone is sufficient to declare criticality should be carefully assessed. 

Efole, (2009) developed from literature strong argument that the time element alone though 

necessary is usually not a sufficient condition to define task criticality. Analyses of objective 
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data from literature source reference strongly support this emerging view. And that if 

criticality would mean those things that should be addressed in a timely manner in order to 

progress the works to a scheduled completion, then the notion of criticality as it is currently 

viewed should be re-assessed. This is because objective data from Efole, (2009), show that 

most of the time, tasks assessed as non-critical are often behind schedule causing project 

prolongation. While other tasks declared critical are often achieved even ahead of schedule, 

as illustrated in Tables 11 and 12.     
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Table 11.  
Tasks Consistently Ahead in the Schedule    
                             

                                                                   Planned            Actual                                                                    
 Work operation                                    % completion  % Completion     Remarks  

 
Lower Roof Beams  100  -  12 weeks behind  
Lower Roof Steel frames  100  -  11 weeks behind  

Capping Beams and Solid Blockwork  100               -  10 weeks behind  
Fix Roof Installation             90  -  9 weeks behind  

1st  Fix Services          60  60  on Programme  
CLUB HOUSE (substructure)     
Basement Tank Wall & Floor Tiling   100  100 Completed  

Blockwalling     100  100  Completed  
Basement Wall Beams  100  100  Completed  

Staircases (straight and curved flight)   100 70 8 Weeks behind  
1st  Fix Services  100 65 8 Weeks behind  
Basement Surrounds filling and compaction  100       80 3 Weeks behind  

FRC Ground Floor Slab        100 80 3 Weeks behind  
SWIMMING POOL      

Base Slab    100 100 Completed  
Wall and Perimeter Channel     100 100 Completed 
1st  Fix Services       100 90 Awaiting Pool Light fittings  

Filling to Surrounds of Pool and Pool Deck      100 50 Awaiting Pool Light fittings  
4 - BEDROOM TOWN HOUSES     
Substructure: Setting out    100 100 Completed  

Excavation and Blinding      100 40 {Awaiting instruction to}   
Wall foundation     100 40 {proceed on trial holes}  

Hardcore filling     100 40                  ,, 
Retaining Wall       100 50                  ,, 
3 ï BEDROOM TOWN HOUSES     

Substructures     100 100 Completed  
Superstructures:     

Ground floor Solid blockwork     100 50 8 Weeks behind  
1st Floor Beam and Slab     100 -  7 Weeks behind  
Staircases  100  -  6 Weeks behind  

STEWARDS QUARTERS     
Substructure: Setting out      -  100 1 week ahead  

Excavation and Blinding  -  100 2 weeks ahead  
Column and Wall footing          -  100 3 weeks ahead  
Solid Blockwork       -  100 4 weeks ahead  

Compacted Filling          - 90  5 weeks ahead  
1st Fix M & E                 - 80  6 weeks ahead  

FRC  Ground Floor Slab     -  70 7 weeks ahead  
 
Source: Efole, (2009)                   
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Table 12.   

Tasks Consistently Behind Schedule            

SUMMARY  

CONTRACT DATES:-Start: 1st SEPTEMBER, 2003; Completion: 28th FEBRUARY, 2005  

BASED ON MASTER PROGRAMME:                                             REF NO. P38/MP2  

REPORT TO:                                                                   PROJECT MEETING NO. 10     

                             
                                                                   Planned             Actual                                                                    
 Work operation                                    % completion   % Completion     Remarks  

 
MAINTENANCE BUILDING      

Substructure works                                                      100 100 Completed 

Superstructures:     

Modification and Alteration works                                                 - 35 2 weeks ahead  

Blockwork Ground to 1st Floor                                        100 85 3 weeks behind  

FRC 1ST Floor beams / Slab                                             100 100 Completed  

1ST Floor Columns to Roof                                               100 100 Completed  

Roof Beam and Slab                                                        100 100 Completed  

Roof Felting                                                                                                 100 - 8 weeks behind  

Staircases                                                                         100 100 Completed  

Blockwork 1ST Floor to Roof                                            100 80 2 weeks behind  

M & E 1ST Fix                                                                   100 85 2 weeks behind  

Finishes: Plastering / Rendering                                        100 10 9 weeks behind  

Precast Screen Blockwork                                                                          100 -  7 weeks behind  

Aluminium Doors / Windows Frames                                                        100 -  8 weeks behind  

Metal works                                                                       100 - 9 weeks behind  

Timber Door Frames                                                                                  100 - 9 weeks behind  

Wall and Floor Tiling                                                       100  - 9 weeks behind  

Glazing to Doors and Windows                                        100  - 7 weeks behind  

M & E 2ND Fix                                                                      100  - 11 weeks behind  

TERRACE HOUSES     

Superstructure:                                          

Ground to 1ST Floor Columns   100 100 Completed  

1ST Floor Beams and Slab                                                                                                      100 90 3 weeks behind  

1ST Floor Columns  100 70 3 weeks behind  

Roof Beams and Slab                                                                                                                          100 65 5 weeks behind  

Roof Trusses  100 35 4  weeks behind  

Blockwork                                                                                                                       65 55 4  weeks behind  

Installation  of Aluminium  Roofing 

sheets  

60 -  8 weeks behind  

Roof Felt and Pavers                                                                                                                                   40 - 4  weeks behind  

Staircases  35 35 On Programme  

M & E 2ND Fix  55 55 On Programme  

 

Source: Efole, (2009)                                       
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These tasks are usually declared critical in the first instance because of their linking and 

duration due to their quantity. If these two parameters are varied then the critical path may 

likely to shift.  This to a scheduling sense is erroneous. And this is why Efole, (2009), 

concludes that effective scheduling must go beyond time analysis alone to now include 

considerations of task and resource attributes in determining task criticality. This is an 

incremental contribution to the cited works of Ming and Heng, (2003) and Chua and Li, 

(2002), who developed the resource-critical path method. The implication for scheduling 

practice is therefore that task attributes may require differential application of scheduling 

options of start time and choice of multiple calendars for different tasks and different 

resources instead of using the default start time and the default calendar options for all tasks 

and all resources.     

         As argued in the preceding paragraph, if time analysis is a necessary but not a sufficient 

condition, then what other parameters should be used to declare a task critical? Empirical 

work of Efole, (2009) suggests some such parameters may include task information needs, 

the nature of resources needed, task approval requirements, and long-lead supply items etc.  

In response to the research question posed by Richard (1990) and David (1987) whether the 

time element alone is sufficient to define criticality, Ming and Heng (2003) proposed a 

scheduling methodology called resource-activity critical-path method (RACPM) in which: 

(i) The aspect of resources is added to activity time analysis in project scheduling to    

seamlessly synchronize activity planning and resource planning 

 (ii) The start and finish times, and the floats are now defined as resource-activity attributes. 

Therefore start and finish times of floated activities can be applied discretionary based on 

resource and activities attributes.  

(iii)   The óóresource criticalôô issue (not only activity critical) that has long baffled the 

construction industry is clarified in Ming and Heng (2003) and Efole (2009).  
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The resource critical CPM is a significant breakthrough in construction scheduling because it 

provides schedulers with a convenient vehicle for seamlessly integrating the technology and 

process perspective with the resource use perspective in construction planning. Also, this 

proposed scheduling methodology, with further studies and improvement may provide the 

enabling environment for differential application of scheduling options of start time, 

workdate calendar and contingency buffers in construction scheduling to make the schedule 

more realistic and feasible, that events may occur with minimal variability in tasks start date.  

         Due to the resource-driven nature of construction, construction managers develop plans 

of action for directing and controlling resources of machines, materials and men in a 

coordinated and timely manner in order to deliver a project within the limited funding and 

available time (Halpin and Woodhead, 1998). Hence, aside from a technology and process 

focus (i.e., what is to be done and how), a resource-use focus (i.e., who is to do it with what 

and when) must be adequately considered in describing a construction method or operation in 

a project plan (Halpin and Riggs, 1992). Nevertheless, the most popular project planning 

methods - the critical-path method and the related network diagramming techniques (PERT, 

Node Diagramming, and Precedence Diagramming) - fail to synchronize activity planning 

with resource planning, the two integral functions of project planning. CPM assumes 

limitless availability of resources (Waugh and Froese, 1990). This assumption is not valid in 

most practical situations, in which there exist definite limits on the amount of resources and 

when they can be available. This question of when is very crucial in making a choice 

between early start schedule options and late start schedule option.  To overcome this 

recognized drawback of basing criticality only on time analysis, which yields unrealistic or 

impossible CPM schedules, analytical or heuristic techniques for resource allocation on CPM 

network plans have been developed since the early 1960s. These techniques generally consist 

of two stages. First, the project is broken down into distinct activities that are logically or 

technologically related to one another according to the construction process/method without 
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imposing resource constraints (e.g., the superstructure follows the substructure; the concrete 

pouring succeeds the formwork and reinforcement). Second, total and free float times, based 

on which:  

 (i)  The project can be rescheduled so that a limited number of resources can be efficiently 

       utilized while minimizing the unavoidable extension of project duration  

(ii)  The start times of certain floated activities are adjusted within the float limits for a 

       levelled resource profile.      

Thus it is concluded from the clarification works of Ming and Heng (2003) and Efole (2009) 

that the time element alone though necessary is usually not sufficient to define task criticality 

in scheduling the construction process. This is why Efole, (2009) suggests that such 

parameters as task information needs, the nature of resources needed, submittal approval 

requirements, and long-lead supply items are important consideration in declaring task 

criticality. This assertion if proven in this thesis using objective data will be an important 

response to the research question posed by Richard (1990) and David (1987) whether the 

time element alone is sufficient to define criticality.  

 

 

2.11      SCHEDULE QUALITY AND CONFORMANCE SCORING 

 

Moselhi & Moosavi, (2012) posits that contractors frequently develop detailed schedules 

after or before contract award. They submit these schedules to the building owner or his 

representatives for assessment and approval. The approved schedules will then form the 

projectôs baseline schedule subsequently used to manage the project. Management here 

encompasses tracking, progress reporting as well as administration of construction disputes 

and claims. Success of a project depends, among other factors, on the quality of its schedule, 

which can be used to identify probable potential problems, (GAO, 2009). The importance of 

assessing the goodness of schedules, poses the question: how can it be assessed if the 

submitted schedule is complete and technically sound or correct? What should be the 
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procedure and content of the evaluation? (Russell and Udaipurwala, 2000). When 

construction contracts require evaluation and assessment of the submitted initial schedules by 

owners, frequently there are only vague and general clauses indicating the schedule to be in 

compliance with project scope and to have the appropriate level of detail. Rarely is there any 

specification indicating how the evaluation process should be conducted, its procedure and 

content. There are numerous publications describing the process of detail analysis of 

construction project cost estimate (Douglas, 2009). However very few comparable literature 

for evaluation of construction schedules is currently available. De La Garza, (1988) elicited 

thirty four conceptual provisions to criticize initial and in-progress schedules of mid-rise 

building construction. His research introduced a knowledge engineering methodology to 

transform scheduling knowledge to a specific format for an operational Knowledge Based 

System (KBS). However his work was not fully automated in a software system.  

         In another study (De La Garza and Ibbs, 1990) a computerized system ñCRITEXò was 

introduced for critiquing construction schedules of med-rise commercial buildings. 

Subsequently, Dzeng and Lee (2004) developed ñSchedule Coachò system, by integrating 

case-based and rule-based reasoning, for the same purpose.  Application of that system was 

restricted to schedules developed using a single set of standard activities. In similar attempts 

by the US government, the Defense Contract Management Agency (DCMA) developed a 

method for initial and in-progress schedule assessment and evaluation. DCMA introduced a 

14-point schedule assessment to be performed for a thorough and objective analysis of 

integrated master schedules, (Berg et al, 2009). The DCMA-14 point assessment focuses 

mainly on schedule components such as leads, lags, constraints and floats, by posing some 

metric thresholds.  However those thresholds have been in debate by experts (Winter, 2011).  

Similar to the DCMA-14 point assessment, the GAO in the US developed a guide named 

ñGAO Schedule Assessment Guide: Best Practices for project schedules, (GAO, 2009).  That 

guide contains nine scheduling best practice, mainly generic and conceptual. The guide did 



147 
 

 

not provide adequate details for schedule assessment. In addition to that, the process of 

schedule development has been ignored in both the guidelines of DCMA and GAO despite its 

significant impact on schedule goodness. Moselhi & Moosavi, (2012) presents a framework 

for effective schedule assessment and evaluation of initial detailed construction schedules. 

Their framework is developed based on application of critical path method. The framework 

includes a software called Schedule Assessment and Evaluation (SAE) software developed to 

assist owners in evaluation and assessment of construction project schedules. A typical 

assessment report is presented in Figure 23 and Appendix A8. The SAE performs schedule 

assessment in three tiers; (a) assessment of the schedule against industry recommended 

practice using rule of thumb and benchmarks, (b) job logic assessment of  selected 

construction trades and (c) assessment of productivity and crew size considering  a number of 

commonly used trades in building construction.  

         A case example is analyzed to demonstrate the use of the developed software for 

evaluation of goodness of schedules. Initial development work on the proposed method 

began by conducting a comprehensive literature review to extract the characteristics of good 

schedules.  This effort included input and review from three sources; (1) journal articles,  

conference papers  and  dissertations,  (2)  textbooks, (3) recommended practices and 

guidelines prepared by government agencies and professional organizations.  In essence a 

check list was developed based on integration of scattered knowledge on the domain area of 

schedule quality. Moselhi and Moosaviôs research focuses primarily on best practice, which 

is usually overlooked. Based on the schedules evaluated and several sessions of structured 

interviews with experienced professionals, Moselhi and Moosavi, (2012) extracted criteria 

for a good quality schedule. They had an initial draft of more than sixty best practices which 

was refined to a final draft of forty seven criteria including conceptual provisions as well as 

quantitative criteria. The conceptual provisions focus mainly on the process of schedule 

development while quantitative criteria impose some thresholds on numeric schedule 
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components such as durations, lags and total floats.  The developed criteria were divided into 

three major categories concerning different aspects of construction schedules and schedule 

development process; contractual compliance, and schedule components. The criteria 

classification is illustrated in Figure 16. Construction schedules are used by many 

stakeholders in the project during all phases of the construction process, from inception to 

completion, (Mattila and Bowman, 2004). Consequently, a construction schedule serves 

different purpose for each organization involved in the construction process. The building 

owner needs an accurate schedule to advise when a project will be completed and also to 

identify different milestones in the project. If the schedule is properly followed, the project 

may have an increased chance of being completed on time and within budget. Contractors 

and subcontractors involved in the job need a schedule to determine resource requirements, 

the time resources will be needed to perform the work. Additionally, schedules can assist 

material vendors to know when and how much material to deliver to the Job-site. Much of 

the prior research done on schedule quality and schedule accuracy has been in the area of 

delay analysis (Kraiem and Diekmann 1987; Yates 1993; Knoke and Jentzen 1994; and Kallo 

1996). The majority of these research works imply that the as-built schedule of a project may 

be different from its as-planned schedule (Kraiem and Diekmann 1987; Trauner 1990; Shi et 

al. 2001). This difference is often considered a delay (Trauner 1990; Arditi and Robinson 

1995). Part of this inaccuracy might be attributed to inaccurate estimation of activity 

duration, usually an overestimation (Goldratt 1997).   
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Figure 16. Construction Scheduling Criteria Classification.  

Source: Adapted from Moselhi and Moosavi, (2012).  
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However prior to this analysis of the difference between the as-built schedule of a project and 

its as-planned schedule, at the stage before contract award, the builderôs schedule should be 

evaluated to assess if during implementation the difference between the as-built schedule and 

the as-planned schedule (which is an important schedule quality indicator) will likely be 

minimal. There are many pieces of scheduling software commercially available. Their role 

has focused mainly on developing usable plans before start of construction but most do not 

evaluate developed plans to optimize them in response to actual progress challenges, (Hegazy 

and Petzold, 2003).  

         Due to the fact that construction schedules are affected by uncertainties in weather, 

production logistic, design scope changes, site conditions, soil properties, material delivery 

time, information request and information release problems, equipment efficiency, etc, 

(Edwards, 1995; Flanagan and Norman, 1993 in ¥kmen and ¥ztaĸ, (2008), schedules need to 

be evaluated to ensure a reduced effect of these risks, uncertainties, unexpected situations, 

deviations, and surprises. All activities, even those that are not critical according to the 

deterministic CPM are potentially critical due to the occurrence of these uncertainties. Al-

tabtabai and Alex, (1999), opines that the purpose of this evaluation is to find sub-optimum 

and optimum solution(s) to the problem domain. It should explore the solution space in an 

intelligent manner to evolve better solutions in the domain optimization process. 

Construction project managers often make optimization decisions (which should be 

evaluated) relating to different aspects of construction operations: (i) Optimization of 

resource utilisation to achieve project objective of cost reduction. (ii)  Reduction of start date 

variability which could otherwise result in increased direct as well as indirect cost because of 

the off-on movement of crews and possible idle crew time and (iii) Reduction of start time 

variability in order to reduce the uncertainty in levels of material stockpiles, inventory, or 

material buffer. Decisions involving optimization in construction mainly involve a 

maximization or minimization problem subject to various influences and constraints that 
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affect the decision, (Al-tabtabai and Alex, 1999). Defining and evaluating all feasible 

combinations of solutions based on the problem constraints and dependencies should be 

considered. The schedule should be evaluated for time, cost, and resource use effectiveness, 

(Hegazy and Ersahin, 2001). Time and cost are the evaluation factors to assess the 

effectiveness of a construction schedule. These factors indicate the effectiveness of the 

overall construction plan and should highlight particular areas of ineffectiveness where 

improvements could be made.  Decision makers in construction industry should search for 

optimal or near optimal resource utilization schedules that minimize construction cost and 

time while maximizing its quality, (Cristóbal, 2009).  Evaluation results may indicate that 

there is a difference between project performance of early start schedules and those of late 

start schedules in terms of activity start variability. It has been shown previously in section 

2.9 that activity start date variability results in increased direct as well as indirect cost 

because of the off-on movement of crews and the possibility of idle crew time.  

         The technical soundness or correctness of construction schedules should be assessed 

because there is a proven correlation between technically correct schedules and project 

outcomes, (Cristóbal, 2009). The tools to run schedule correctness checks are listed in 

Weaver, (2005) as: Acumen Fuse; Schedule Analyzer and Schedule Inspector. Weaver, 

(2005), further points out that useful information for assessing the technical correctness of 

construction schedules can be obtained from the DCMA 14-point schedule assessment guide 

and the GAO schedule assessment guide. The Defense Contract Management Agency 

(DCMA) is a division of the US department of defense (DOD) that interacts directly with 

defense suppliers to ensure that DOD supplies and services are delivered on time and at the 

planned cost.  DCMA has duties before and after contract award. After contract award, 

DCMA monitors contractors' deliverables to ensure that expenditure, project progress and 

schedules are in compliance with the contract. Hegab, (2010a), posits that DCMA proposes a 

number of metrics that examines the health of the schedule and assesses its robustness. These 
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standard metrics are called the 14-point schedule assessment metrics. These 14-Point 

assessment metrics lists 14 individual checks to assess the quality and structural integrity of a 

project schedule. A number of base statistics are calculated before starting the check. These 

statistics are:  

(a) Total Tasks - They are all the tasks except tasks that represent summary, subproject, zero 

      duration, or milestones tasks. 

(b) Completed Tasks - They are tasks among the ñTotal Tasksò that have 100% completion 

      and with an actual finish date before the status date.  

(c) Incomplete Tasks - They are tasks among the ñTotal Tasksò that do not have 100% 

     completion and with an actual finish date before the status date.  

(d) Baseline tasks - They are tasks among the ñTotal Tasksò that should have been completed 

      before the status date in the original baseline schedule.  

After identifying and calculating these baseline statistics as defined, the following checks are 

then performed, (Hegab, 2010a):  

        (1).  Logic Check 

        (2).  Leads Check 

        (3).  Lags Check 

        (4).  Relationship Types Check 

        (5).  Hard Constraints Check 

        (6).  High Float Check 

        (7).  Negative Float Check 

        (8).  High Duration Check 

        (9).  Invalid Dates Check 

        (10).  Resources Check 

        (11).  Missed Tasks Check 

        (12).  Critical Path Test Check 
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        (13).  Critical Path Length Index (CPLI) and  

        (14).  Baseline Execution Index (BEI)                    

It is important to perform these quality checks on the schedule, either by the scheduler or 

whoever is to accept the schedule before contract award. Evaluating the schedule using these 

quality check guidelines is important and knowing what to check in the evaluation process is 

even more absolutely critical. Below are four recommended schedule quality checks that are 

of direct relevance to this thesis based on the listed 14-points to ensure a sound and quality 

schedule, (Weaver, 2010). 

(a).  Logic: This may sound almost silly, but itôs one of the most common points of oversight.  

Is the logic in the schedule sound? Are there tasks that have no predecessors or no 

successors? Are there redundant logic links or overly complex logic? It is important to run 

different types of diagnostics to ensure things flow smoothly and not caught up in too much 

detail. Figure 21. refers.              

(b). Float: It is nearly impossible to know precisely how long a project will take. This is 

because some of the floated activities have ñslackò time that may or may not be partially or 

fully built into the schedule. How much of float have been consumed? Is there enough float, 

or perhaps too much? Scheduling the floated activities to start as early as possible results in a 

schedule with zero float. On the other hand scheduling floated activities to start as late as 

possible results in a schedule with too much float. This check is the main focus of this 

research, which is both an exploratory and a confirmatory study to identify the correct 

application of float consumption in different project scenarios, different activities scenarios, 

and different resources scenarios.     

(c). Duration: Every task duration is unique. Some tasks will take a day or a week, some will 

take months, and some may take a year. Activities with very long durations can be broken 

down into several shorter tasks. 
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(d). Constraints: These are defined and explained in section 2.7.1. The key here is to 

realistically plan the schedule with logic dictating the start and finish dates of activities. 

While there are some cases where using a constraint is appropriate, they should be avoided as 

much as possible and the project should be scheduled using the calculated default options if 

practicable.    

These four evaluation check list are part of the DCMA 14-points assessment check list 

discussed in Hegab, (2010a): (1) Logic; (2) Leads; (3) Lags; (4) Relationship Types; (5) Hard 

Constraints; (6) High Floats; (7) Negative Floats; (8) High Duration; (9) In valid Dates; (10) 

Resources; (11) Missed Tasks; (12) Critical Path Test; (13) Critical Path Length Index 

(CPLI) and (14) Baseline Execution Index (BEI).      

(1) Logic Checks 

The ñlogic checkò is used to identify any activity that is missing a successor or predecessor or 

both. As a rule of thumb in scheduling, all activities have to be tied to at least one 

predecessor and one successor. This check does not confirm the correctness of the tie which 

has to be verified manually. The ñlogic  checkò  value  is  calculated  as  the  number  of  

activities  that  are missing a logic divided by the number of incomplete tasks. For the 

schedule to be acceptable based on this check, its value should not exceed 5%.  

(2)  Leads Checks 

The ñleads checkò is used to check the existence of any leads in the schedule because using 

leads in the schedule may create disturbance to the critical path and resources. The ñleads 

checkò is performed by identifying any activity that its predecessor has a lead.  The value is 

calculated as the number of tasks that have a lead. For the schedule to be acceptable based on 

the check, its value should not exceed 5%. 

(3)   Lags Checks       

This is used to check the existence of any lags in the schedule because using lags in the 

schedule may create disturbance to the critical path. The check is performed by identifying 
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any task with a predecessor that has a lag. The value is calculated as the number of tasks that 

have a lag divided by the number of incomplete tasks. For the schedule to be acceptable its 

value should not exceed 5%.    

 (4)  Relationship Type Checks                 

The ñrelationship type checkò validates the type of relationship between the task and its 

predecessor assuming that most activities are tied by Finish to Start (FS) relationship and a 

much lower percentage is linked by Finish to Finish (FF) or Start to Start (SS) relationships 

and in more rare cases, the Start to Finish (SF) relationship is used. This check is performed 

by identifying the relationship type of any task that has a predecessor.  It is calculated as the 

number of tasks that have FS, FF or SS relationships divided by the number of incomplete 

tasks. For the schedule to be acceptable the percentage of tasks with FS relationships should 

not be less than 90% and tasks with SF relationships should not exceed 0%. 

(5) Hard Constraints Checks 

The ñhard constraints checkò is used to identify any activity that has a hard constraint (such 

as Must-Finish-On, Must-Start-On, Start-No-Later-Than, and Finish-No-Later-Than). Hard 

constraints do not allow logic to drive the schedule.  This check is performed by identifying 

any task that has a hard constraint. The value is calculated as the number of activities that has 

hard constraint divided by the number of incomplete tasks. For the schedule to be acceptable 

its value should not exceed 5%. 

(6) High Float Checks 

This check is used to identify any activity that has a total float of more than 44 working days. 

High float may result from logically inaccurate or missing relationships. The check is 

performed by identifying any task that has a total float exceeding 44 working days.  The 

value is calculated as the number of activities that have float more than 44 working days 

divided by the number of incomplete tasks. For the schedule to be acceptable its value should 

not exceed 5%.  
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(8)  High Duration Checks  

This check is used to identify any activity that has an original duration of more than 44 

working days. Such a high duration may indicate a need for further breakdown to enhance the 

cost and time control. This check is performed by identifying any task that has an original 

duration exceeding 44 working days. The value is calculated as the number of activities that 

have duration more than 44 working days divided by the number of incomplete tasks. For the 

schedule to be acceptable its value should not exceed 5%. 

(10) Resources Checks 

This check is used to identify any activity that does not have resources or cost applied on it. 

The check is performed by identifying any task that does not have resources or cost applied 

on it. The value is calculated as the number of activities that do not have resources or cost 

divided by the number of incomplete tasks. For the schedule to be acceptable, its value 

should not exceed 0%. 

 (12) Critical Path Test 

The ñcritical path testò is used to assess the integrity of the schedule specially the critical 

path. It is one of the two Trip Wires that are required by the OSD (office of Secretary of 

defense). The ñcritical path testò is performed by adding an intentional delay of 600 working 

days to the duration of a critical task and then verify if the project completion  date  is  

delayed  by  a  proportional  duration  of 600  working  days.  By adding such a delay, any 

missing predecessors or successors will lead to a mismatch between the project overall delay 

and the intentional one. The ñcritical path testò will be passed if there is a matching between 

the project completion delay and the intentional added duration.  

(13) Critical Path Length Index (CPLI) 

The critical path length index (CPLI) is used to assess if the project finish date will be real or 

not. It is one of the two Trip Wires that are required by the OSD (office of Secretary of 

defense). The CPLI is calculated by adding the length of the critical path to the total float of 
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the latest activity and divide the summation by the length of the critical path.  For the CPLI to 

be acceptable, its value should not exceed 5%. 

(14) Baseline Execution Index (BEI) 

The baseline execution index (BEI) is used to assess the number of completed activities to 

date with respect to those planned to be completed in the baseline schedule. It is one of the 

two Trip Wires that are required by the OSD (office of Secretary of defense). The BEI is 

calculated by summation of completed tasks and dividing it by the baseline count of what 

ought to be completed. For the BEI to be acceptable, its value should not be below 95%.  

         The U.S. Government Accountability Office (GAO) is an independent agency that 

supports the congress by watching and investigating the expenditure of the Federal 

Government (Hegab, 2010). The GAO helps the congress by auditing operations to ensure 

that Federal money are spent expeditiously and effectively; investigating allegations of 

extrajudicial and improper activities; validating the compliance of government programs  and  

policies to their objectives; analyzing policies and suggest options for the congress; and 

issuance of judicial decisions and opinions, such as bid protest rules and reporting. It is 

known as the ñcongressional watchdogò. As part of GAOôs auditing process, programôs cost 

and schedule are checked in relation to the 9 scheduling best practice discussed in, Hegab 

(2010). Every project that is federally funded is subjected to GAOôs auditing. The schedule 

should meet GAOôs best practice guidelines. The GAO Scheduling Best Practice 9 criteria to 

achieve a reliable schedule are, (Hegab, 2010): 

1.  Capturing all activities: As a basic requirement, the schedule should include all   

      activities represented in the work breakdown structure (WBS).  

2.  Sequencing all activities: Activities should be linked with relationships similar to the  

     order it is intended to follow in execution per their successors and predecessors. 

     Constraints, lags, and lead time should be logical and shown to be needed.  

3. Assigning resources to all activities: Schedules should be resource loaded (with labor,  
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     materials, equipment) to make sure of their availability during execution and identify  

     any  time or funding constraints. 

4.  Establishing the duration of all activities: Schedules should maintain duration that  

       realistically match the cost estimateôs plan. 

5.  Integrating schedule activities horizontally and vertically:   Schedules should use  

     realistic predecessors and successors and should allow concurrent occurrence of  

     related activities.    

6.  Establishing the critical path for all activities: With the help of scheduling software, 

     the critical path (longest path) should be identified to check its accuracy and the effect  

     of slippage of program activities on its finish date. 

7.  Identifying float between activities: The free float and total float between related  

      activities should be determined to figure the effect of slippage of activities on its  

      successors and the project completion due date. The float consumed or built into the  

      schedule should be reasonable. And investigating the correct amount for different  

      tasks is the main subject of this research. 

8. Conducting a schedule risk analysis: A schedule risk analysis should be performed to 

    identify the risk of potential delays, the probability of meeting the planned completion   

    date, and the needed schedule contingency to complete the program with a certain  

     confidence level. 

9.  Updating the schedule using logic and duration to determine the date: The logic and  

      actual  start  and  finish  dates  of  activities  should  be  monitored  to identify  the   

      actual completion  date  and  confirm  its  compliance  with  the planned  completion   

      date. Logic override and unnecessary constraints application should be avoided.  

A comparison of the GAOôs schedule quality criteria and the DCMA 14-point Check 

suggests that there is some similarity between these two schedule quality assessments. It 

should be noted that aside from DCMA and GAO, there are other sources that provide project 
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schedule guidance - how to build a sound quality schedule, what to include in it and what to 

check to optimize it. These resources are abundantly available in the literature and it is 

recommended for project managers to become familiar with these resources and follow the 

guidelines provided. Below are some examples of available resources: 

     (a) DCMA 14 Point Schedule Metrics for IMS (Project/Open Plan, Etc.) Analysis 

     (b) U.S. Government Accountability Office (GAO) Best Practices 

     (c) Independent Project Analysis (IPA) Guidelines 

     (d) Project Management Body of Knowledge (PMBOK) Guidelines 

     (e) AACE International (Authority for Total Cost Management) recommendations 

     (f) National Defense Industrial Association (NDIA) Generally Accepted Scheduling  

        Principles (GASP)    

Core traits of a reliable schedule presented in Weaver, (2010) is less prescriptive than the 

DCMA 14 Point Schedule assessment Metrics. These core traits of a reliable schedule are 

aimed at codifying scheduling best practice. It gives the essentials of a reliable schedule. It 

organises established and emerging best practice for CPM schedules into 20 core traits which 

could be grouped broadly into four main categories as: (A) Traits that correspond to 

comprehensive schedules, (B) Traits that correspond to credible schedules, (C) Traits that 

correspond to well-constructed schedules, and (D) Traits that correspond to controlled 

schedules. Weaver, (2010) lists 20 best practice developed from these four traits as:  

(A1) Aligned - The schedule should portray a viable plan that aligns with the planning basis, 

subcontractorsô schedules, and materials/components procurement system.  

(A2) Complete - The entire work, including specified responsibilities of the owner and other 

stakeholders should be fully captured in the activities, logic relationships, and events.  

(A3) Conforming - The schedule should comply with contract dates, sequences and other 

imposed contract conditions  
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(A4) Formulaic - Physical work activity durations are largely formulaic, or are endorsed by 

those who will perform the activities, and should align with the schedule level.  

(A5) Resourced - The schedule should reflect the resources needed, their availability to  

support the rate of progress, and known availability limits.  

(B1) Predictive - The schedule should establish valid critical and near-critical paths; in the 

initial schedule, the critical path has total float  Ò 0.  

(B2) Risked adjusted - Using risk assessment, the schedule should be established with  

schedule margin sufficient to support the targeted probability threshold.  

(B3) Weather-Fitted - The schedule correctly integrates normal adverse weather according to 

the controlling specifications and best practices.  

(B4) Resource Flow - This should portray crew movements, equipment logistics and work- 

flow.   

(B5) Flexible - The schedule has enough flexibility adequate for mitigating delay and  

floating for resource leveling.  

(C1) Hierarchical - The baseline is fully developed as a level 2 schedule that serves as the 

basis for, and remains traceable to subsequent revisions or level 3 schedules.  

(C2) Phased - Construction phases from site work to closeout are aligned with the planning 

basis 

 (C3) Logical - Finish to Start logic is favoured; constraints, lags, leads, and Finish to Finish 

logic are used judiciously and, when used, should be justified.  

(C4) Connected - Every activity has at least one Finish to Start or Start to Start predecessor 

and one Finish to Start or Finish to Finish successor; paired Start to Start/ Finish to Finish 

logic should only be used judiciously.   

(C5) Calendar Fitted - Calendars used to calculate the schedule should reflect the planning 

basis, the working schedule, and other limiting factors.    

(D1) Statused - The schedule should be accurately statused using reliable, documented 
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protocols; subsequent or imminent level 3 schedule activities are resource levelled.  

(D2) Weathered - The schedule is used to evaluate weather delays and/or gains originating 

from actual weather conditions in the prior months.  

(D4) Forensic- In a statused or revised CPM schedule, the critical path is identified left of  

the data date (from the project start date to the data date).  

(D5) Trended - Activity rate of completion is sufficient so that the scope of remaining 

activities is congruent with an achievable rate of progress. 

 

2.11.1 Schedule Evaluation and Schedule Validation Tools 

Inaccurate schedules do not help to achieve project success. Schedule analysis helps the 

project team to: Build a better schedule; Improve project confidence; and Achieve successful-

on-time and on-budget objectives. Acumen Fuse enables project teams not only to calculate 

schedule conformance score, but to pinpoint the weaknesses driving that score and 

immediately correct them. It is a comprehensive project analysis, visualization and problem 

resolution platform that complements existing scheduling tools to:  

(i) Help build sound, realistically achievable schedules without manual critique  

(ii) Provide the process with checks and execution tracking necessary for understanding  

schedule quality, cost forecast accuracy, risk model realism, earned value and performance  

(iii)  Give a repeatable way to pinpoint weaknesses and gauge the impact of schedule changes                         

 

2.11.2 The Schedule Quality   

Until recently scheduling was regarded as an art with only subjective opinions as to what 

constituted a good quality schedule, (Weaver, 2010). Any debate over schedule quality 

tended to be confused with arguments over personal preferences in tools and/or networking 

techniques. The publication by PMI of its Practice Standard for Scheduling in May 2007 

went a long way towards resolving many of the issues of what constitute a quality schedule, a 
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schedule that does not promise the impossible, (PMI, 2009). The PMI Practice Standard for 

Scheduling standard development team drew on expertise from around the world to deliver 

an authoritative document that defines a good scheduling practice. The definition of ógood 

practiceô as set out in the Standard is based on the óTime Managementô processes from the 

PMBOK Guide 3rd Edition. This provides guidance on generally accepted good practice for 

the development of an effective schedule for a project, (Weaver, 2010). The Standard is not a 

text book on scheduling but does lay out the principles that underpin the development and 

use of an effective project schedule. From a quality perspective, the list of óScheduling 

Componentsô and the associated óConformance Indexô provide a tool that allows the 

unambiguous assessment of the technical competence of any schedule. A óschedule 

componentô is a data element that should (or may) exist in a schedule model (eg Activity 

Duration or resource loading). Each component is defined in terms of:  

        (a) Its name  

        (b) If it is required for a minimally conforming schedule or optional  

        (c) If the data is manually entered, calculated or automated  

        (d) The format of the data (text, numeric, date, etc)  

        (e) The behaviour of the component (how it reacts or enables a reaction)  

        (f) Good practice in the use of the component  

        (g) Additional notes and associated components (these are considered in this thesis)  

        (h) A definition of the component  

The conformance scoring system should first check to ensure that all required components 

are present, then calculates a score based on the use of all components. Whilst this tool 

provides a very useful mechanism for measuring the technical competence of a schedule, it 

does not address the best practice guidelines outlined in measuring the óeffectivenessô or 

óusefulnessô of the schedule. The Practice Standard for Scheduling is a major improvement 

but it explicitly acknowledges that it focuses on technical conformance rather than the 
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usefulness of the schedule. Though it could be inferred that if the schedule truly technically 

conforms, then it should be effective and useful. This introduces the important but debatable 

argument that there is a difference between technical conformance of a construction schedule 

and its effectiveness or usefulness.  The challenge for future edition will be to focus more on 

the subjective areas of relevance and usefulness, (Weaver, 2010). In the meantime, PMIôs 

College of Scheduling is working on the Scheduling Excellence Initiative which is currently 

focused on developing and publishing the Scheduling Enhancement Series, a multi-volume 

reference centre for scheduling concepts, methodologies and best practice.   

 Why do building owners or their representatives accept poor quality schedules? The need for 

effective planning and scheduling has been recognised for well over a 100 years. Projects fail 

when they overrun the allocated time and budget. Overrunning on schedule almost invariably 

lead to overrun on cost, (MOSAIC, 2010). The elements needed to improve the probability of 

project success are well known, starting with a skilled project manager and team, with the 

necessary knowledge, skills and experience. The next layer of support to build success is 

making sure the órightô PM tools, processes and methodologies are used; again these are 

hardly new, they are also well known and include:  

     (1) Ensuring project stakeholders are managed; their expectations and/or perceptions  

           are identified and managed, and their involvement sought as necessary 

     (2) The timely management of risk, threats and opportunities  

     (3) Ensuring alignment of outcomes to organisation strategy  

     (4) Scope and costs are identified and managed, and  

     (5) Ensuring appropriate and effective, planning & scheduling  

Schedules are useful in two key areas; the schedule's primary purpose is communication not 

control; after all documents cannot ócontrolô anything! A useful schedule can influence 

decisions and actions by highlighting key decision points and the opportune time to make 

such decision. The second key area is coordination. Projects involve a range of different 
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resources that need to work on the activities in the óright sequenceô to support the work of 

other resources and optimise the overall delivery of the project. Good schedules are capable 

of providing and assisting in coordination, control and stakeholder communication. But to be 

useful, schedules have to be technically correct and usable by the project team. This requires 

good planning, good scheduling culture within the organisation and development of a project 

team that values effective time management. This strong correlation between technically 

correct schedules and project outcome is illustrated in Figure 17. For a building client, a 

project sponsor, a project review team member or portfolio manager, there is need to test the 

quality of a project schedule before contract award. The key questions to ask includes: Is the 

scheduler qualified? Was the management team involved in its preparation? Is the schedule 

technically correct? Evaluation and regular checking of the schedule seems to drive improved 

technical conformance and eventual performance.  Available tools used to run schedule 

checks or do schedule evaluation are; Acumen Fuse, Schedule Analyzer, Schedule Inspector, 

SCRAM and the application of DCMA 14 Point schedule assessment and GAO Schedule 

Assessment Guide. These tools may assist to ascertain if the schedule is sensible. This is 

difficult to assess because to a degree it is subjective. Elements to consider include: Is risk 

and uncertainty properly managed? If there is no consideration of risk the schedule may 

likely fail. 
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 Figure 17. The Correlation between Schedule Quality Index and Finish Compliance Index  
   Source:  MOSAIC, (2010)  
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Though it must be acknowledged that it is difficult to accurately predict the future because 

there is always a plus or minus degree of certainty. How was the risk modelling done? Is the 

level of detail appropriate for the current level of knowledge? What planning was done prior 

to starting schedule development?  MOSAIC (2010) concludes that asking these questions is 

one thing, providing adequate funding and support to allow the project team to create positive 

answers is another! When considering response to these questions, it should be remembered 

that a good schedule will not guarantee project success; but a poor schedule will guarantee 

project failure, particularly on complex projects! Thereôs no excuse for accepting bad 

schedules! And, evaluating and validating the project schedule is only one aspect of the 

overall process of effective project surveillance.      

         Kaelble, (2014) and Weber, (2015), listed five similar key steps in construction 

schedule development which could produce a high quality and well optimized schedule. 

Figures 18 and 19 show these key steps each of which produce a type of schedule of different 

quality. The first step produces S1 schedule, the second, S2 schedule and so on. Kaelble, 

(2014), called them the five-stage schedule maturity framework, S1 ï S5 illustrated in Figure 

18. And Weber, (2015) called them the Five-Stage Framework for Project Success. These 

steps necessary to produce high quality well optimized schedules are listed and discussed 

below:  

            (a) The schedule basis, S1 

            (b) Critiquing the schedule, S2 

            (c) Analyzing schedule risk, S3 

            (d) Optimization, S4 and  

            (e) Gaining team buy-in, S5 

The schedule basis, S1, is the starting point and it represents the schedule that is non-

critiqued, non-evaluated, and non-risk-adjusted. This schedule is used as a baseline for the 

journey toward schedule improvement.     



167 
 

 

 

   S1 

   Project basis  
    

 
   
 

   S2   
   Critiqued  

 
 
 

   S3 
   Risk-Adjusted 

 
  
 

 
   S4 

 Optimized  
 
 

 
 
    S5 

  Team Approved 
  

 
 Figure 18. The Five-Stage Schedule Maturity Framework  
 Source: Kaelble, (2014)  
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Figure 19. A Five-Stage Framework for Project Success.  
Source:  Weber, (2015).     
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Diagnostics or critiquing the schedule, S2:  The initial creation of the schedule was S1 in step 

1. The task in step 2 is to figure out how the S1 schedule can be improved by evaluating it. 

Examples of metrics available for critiquing the schedule discussed in section 2.11, are logic, 

free-flowing logic, missing logic, redundant logic, logic density and amount of float 

consumption, etc. CPM scheduling has been advanced to the next level by such 

developments as:   

                      (A). DCMAôs 14 Point Schedule Assessment criteria       

                      (B). GAO Schedule Assessment Guide and  

                      (C). Deltekôs metric-based philosophy on planning  

Different organizations use different criteria as assessment metrics to evaluate schedule 

quality. The widespread adoption of metrics as a way to critique project schedules has 

without doubt been one of the biggest advances in CPM scheduling in recent years. The value 

of metric analysis goes beyond promoting better quality schedules. The newer, younger 

generation of CPM planners can now apply these schedule checks to learn and self-assess 

when building CPM schedules, ensuring that the frameworks theyôre building are as feasible 

as possible, and not models that promise the impossible. This is a huge step in the right 

direction with regard to more realistic planning and scheduling. The question of what metrics 

to use to evaluate schedule quality is important. Here are some core metrics that are 

invaluable when establishing a sound quality schedule. There are plenty of other metrics, of 

course. As an example, Deltek Acumen Fuse has hundreds of metrics available for critiquing 

project schedules. Four important ones of these are: Missing Logic, Number of concurrent 

critical paths and Hard constraints.       

(i)  Missing Logic: In theory, all activities should be associated with at least one predecessor 

and one successor (except, of course, the projectôs start and finish activities). Making certain 

there is no missing logic ensures an accurate set of logic paths throughout the schedule. 
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(ii)  Logic Density: This metric calculates the average number of logic links per activity. If 

average is less than two, itôs likely that there are some missing logic. On the other hand, an 

average greater than four suggests a complex logic, with a high likelihood of redundant links.  
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Figure 20. Activity B with a Logic Density of 4 and 2. 
Source: Kaelble, (2014)  
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Therefore, logic density should fall between two and four. This is an incredibly useful metric 

in assessing and evaluating the schedule. Itôs a great indicator of where and when in the 

schedule there is insufficient logic, or where the logic is overly complex and needs review. 

Figure 20 shows activity B with a logic density of 4 in Figure 20a, a logic density of 2 in 

Figure 20b and a redundant logic in Figure 20c.  Removing redundant logic helps make the 

project schedule clearer and lessens the overhead of maintaining risk models.  

 (iii) Number of concurrent critical paths: Thereôs nothing inherently good or bad about 

critical activities in a schedule. It is, however, useful to analyze the number of parallel critical 

(or near-critical) paths. If the schedule has more than one critical (or near-critical) paths, 

there is likely more risky work fronts than would if the project had just a single critical path. 

What this indicates is that a schedule with a single big problem to solve is preferable over 

multiple medium-sized problems all occurring simultaneously. Figure 21 illustrates the 

difference between a dominant and Non-dominant path. 

(iv) Hard constraints: According to Jerry, (2011) and Allan, (2011), scheduling theory 

recommends avoiding hard or two-way constraints such as ñMust Start Onò or ñMust Finish 

On.ò Theyôre poor schedule-building blocks as they override the natural precedence making 

it not to occur naturally. However one-way constraints such as óAs soon as possibleô and óAs 

late possibleô could be used but with caution. It is important to remember always that 

constraints really go against the premise of a naturally flowing CPM network. And as a rule 

of thumb, the only time one should use even a one-way constraint is when one can absolutely 

defend its use and simply canôt use any of the other scheduling building block.  
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Figure 21. Comparing Scenarios of Single Dominant Path with two Dominant Paths  
Source: Kaelble, (2014)  

 2 Days  

 2 Days 

 1 Day 

 3 Days 

 2 Days 

 2 Days 

 3 Days 



174 
 

 

2.11.3      Schedule Conformance Scoring        

The Project management instituteôs Practice Standard for Scheduling and the Scheduling 

Excellence Initiative have defined practice standard for scheduling places scheduling in the 

context of project management body of knowledge guide and describes good scheduling 

practice, Weaver, (2009). Weaver further describes the components needed for any schedule 

and offers a óconformance scoringô system for evaluating the effectiveness of schedules 

produced.  

         These scheduling components are the óbuilding blocksô of the schedule model and may 

include: Project Calendar; Activity target finish date; Critical path, etc. These scheduling 

components data may be entered by the scheduler manually or automatically as generated in 

the time analysis calculations. Schedule conformance evaluation should: Validate that all 

required components are present; Validate that best practice is followed for the required 

components. The schedule conformance evaluation will show minimally conforming 

schedules from their score and therefore it is now possible to rate the technical competence of 

a schedule. Thus  avoiding  accepting ñevery schedule modelôô as correct, because schedules 

that fail the schedule conformance evaluation will likely not communicate and effectively 

coordinate ideas about what might happen in the future, Weaver, (2009).  

         The most important criteria each schedule should satisfy are contractual provisions and 

schedule development best practice. These provisions could be considered as obligatory  

criteria  because  if submitted  schedules  are  not  in  conformity  with  the  contract,  

whether  or  not  other criteria  are  satisfied,  the  schedule  should  not  be  accepted.  

Although such criteria seems obvious, it is the basic reason for rejection of many schedules 

(Li and Carter, 2005; Zartab and Rasmussen, 2001). This category encompasses the criteria 

that are directly related to the process of schedule development.  Five provisions have been 

divided into two main sub categories; scope and process.  Applying these provisions help 

users to assess the process of schedule development. These provisions are frequently 
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overlooked although they were highlighted and stressed in several publications.  For instance, 

a criterion which is called ñSubcontractors Participationò was indicated in various references 

(De La Garza, 1988; Zack Jr., 1991). Even some references suggested a provision in some 

contracts requiring subcontractors  to  sign  off  on  the  schedule  as verification  of  their  

commitment  to  the  scheduled  dates  (Li  and  Carter,  2005).  The same  provision  was  

suggested  in  another  reference  intended  to  prevent  contractors from  elimination  of  

certain  activities  and  from  using  unrealistic  durations for submittal review (Zack Jr., 

1991). This kind of repetition for single provision in different references has been noticed for 

numerous criteria. The last category is schedule components covering thirty five provisions, 

divided into five sub categories. Schedule components category encompasses all quantitative 

provisions that pose some thresholds on numeric schedule components. These criteria are 

described subsequently in the developed computer application of Moosavi, (2012). 

Importance  of  quantitative  criteria,  such  as  threshold  values,  lies  in  its  speedy 

processing using the developed computer application. Some part of schedule review 

knowledge is generic and some part is idiosyncratic.  Although the thresholds of quantitative 

provisions are retrieved from published material, they are not cast in stone. They can be 

considered as initial suggested values.  Therefore firms are encouraged to develop their own 

database of projects in order to modify the proposed thresholds to suit their idiosyncrasies of 

their specific needs.  

         While conducting schedule review process, building owners or their representatives 

should verify if the schedule is technically correct.  Also they should ensure that the job logic 

and activities duration are reasonable, (Booth, 1993., Booth, et al. 1989., Avalon and Foster,  

2010 and OôBrien and Plotnick, 2010).  Taking into account size and complexity of todayôs 

projects it is not uncommon to have schedules that consist of hundreds if not thousands of 

activities. It is obvious that manual evaluation of these schedules is burdensome if not 

impractical.  Moreover, inherent in manual evaluation of schedules is ignorance of errors by 
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schedule reviewer when number of activities increases (Dzeng et al, 2005). Therefore, 

nowadays schedule evaluators have a complicated task in performing needed evaluation and 

assessments of schedules that encompass a multitude of activities.  Computer implementation 

is applied to address this issue by automating the schedule assessment is well described in the 

óSAEô model. The first level of schedule assessment using a computer software is also 

described in óSAEô. The developed software application ñSAEò was coded using Visual 

Basic and implemented in Microsoft environment, (Moosavi, 2012).  It consists of three main 

modules; GUI (graphical user interface), Assessment Engine and the database.  The GUI was 

coded using Visual studio 2008 based on application of Visual Basic.  The interface is 

designed to interact with the Assessment Engine; providing the user with the flexibility to 

revise threshold values.  

         The Assessment Engine module was developed as a macro in Microsoft Project 2007 

by implementation of Visual Basic for Applications (VBA 6.5.1053) for MSP.  Further, 

Moosavi, (2012), stated that the coded macro automates calculations needed to assess twelve 

quantitative provisions, job logic of selected construction trades and assessment of 

productivity and crew size considered for a number of commonly used trades in building 

construction.  Third module of the developed software is a database.  In order to store and 

retrieve required data pertinent to productivity and crew size associated with typical 

construction activities, a database was developed in Microsoft Office Access 2007 

environment. The coded software is capable of producing reports after performing each tier 

of schedule assessment and evaluation.  The flow of data through the SAE is shown in Figure 

22. The report includes calculated schedule components such as criticality rate, near 

criticality rate and project cost.  
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Figure 22. Flow of Data through the Schedule Assessment and Evaluation Process  

                   Source: Moselhi and Moosavi (2012)     
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                                                                              Figure 23. Input-Output Model of Schedule Assessment and Evaluation   
                                                                  Source: Adapted from Moselhi and Moosavi, (2012)  
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Table 13  
Suggested List of Schedule Assessment and Schedule Evaluation Criteria  
 

                                        Schedule Assessment And Evaluation Criteria 

                                                  Evaluating how good a schedule is 

S/N Element  Explanation Source reference  

                                                       1. Obligatory criteria  

1.1 Contractual Compliance  

1 Milestones &  

Project Duration 

Milestones & project duration must be in 

line with related contractual provisions 

Spencer and Lewis  

2006, De La Garza  
1988  

2 Phasing and  

Sequencing  

Phasing and sequencing must be in line with 

related contractual provisions (if applicable)  

Li and Carter, 2005  

3 Number and  

Duration of  
Activities  

Number and duration of activities must be 

in line with related contractual provisions (if 
applicable) 

Li and Carter, 2005 

4 Activity Code  Activity code must be in line with related 

contractual provision (if applicable) 

Li and Carter, 2005  

5 Schedule  

Submission  
Date  

Schedule submission date should be in  

compliance with related contractual 
provision 

Zack Jr 1991  

6 Scope  

Coverage  

Scope of the project should be covered by  

Schedule  

Douglas 2009b,  

GAO 2009, PMI  
2007, Li 2005  

1.2 Job Logic  

7 Job Logic  Job logic must be rational OôBrien and  
Plotnick 2010,  

Douglas 2009b ,  
GAO 2009, De  

La Garza 1988  

1.3 Duration  

8 Activity  

Duration  
(reasonability)  

Activity duration must be reasonable  OôBrien and  

Plotnick 2010,  
Douglas 2009b,  

GAO 2009  

                                                    2. Complementary Criteria  

2. 1 Schedule Development  

2.1.1 Scope  

9 Project Scope  

Definition  

All aspects of the project scope should be  

adequately defined before scheduling  

PMI 2007  

10 WBS  
Verification  

Scheduling should be based on an approved  
WBS  

PMI 2007  
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Table 13. Contd 

                                        Schedule Assessment And Evaluation Criteria 

                                                  Evaluating how good a schedule is 

NO Element  Explanation Source reference  

2.1.2 Process  

11 Scheduling  
Process  

Schedule should be developed by  
participation of parties associated with the 

project  

Li and Carter, 
2005 

12 Subcontractors  

Participation  

Subcontractors responsible for considerable 

parts of project should become involved in 
schedule development having their work  
integrated and coordinated.  

Li and Carter, 

2005, Zack Jr  
1991, De La  
Garza 1988  

13 Verification of  
Subcontractorsô  

Scope of Work  

The schedule should reflect the start and  
completion dates for prime contractors as 

well as subcontractors involved  

Douglas 2009b,  
De La Garza  

1988  

2.2 Schedule Components  

2.2.1 Overview  

14 Verification of  
Project Duration  

Project duration should conform with  
parametric scheduling results  

Moselhi 2010  

15 Minimum  
Milestones  

At least two milestones, start & end, should 
be included in each schedule  

PMI 2007  

16 Verification of  
Project Performance 

Generated S-Curve should be in compliance 

with typical S-curves  

De La Garza  

1988  

17 Phase Duration  Each phase duration (Engineering,  
procurement, etc) should be in compliance  

with historical average data according to  
Total Installed Cost  

Madl 2010  

18 Phase Overlap  Engineering should not overlap construction  
by more than a certain percentage  

Madl 2010  

19 Calendar  

Verification  

Non-working days should be indicated in 

the  
project calendar  

Douglas 2009, 

Li & Carter, 2005  

20 Working Hours  
Schedule Estimate  
Compliance  

Basis of scheduling should be in compliance  
with basis of estimate as regards working  
hours  

Madl, 2010  

21 Congestion  
Index  or labor  

density 

Maximum number of workers per square  
meter should be limited to:  

(25 to 30 sq.m/man ) (200sqf/person) so as 
to avoid congestion  

Russell and  
Udairpurwala  

2000, Bent and 
Humphreys1996,  
Kerridge and  

Vervakin 1986  
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Table 13. contd 

                                        Schedule Assessment And Evaluation Criteria 
                                                  Evaluating how good a schedule is 

NO Element  Explanation Source reference  

                                                       2.2 Schedule Components  

2.2.2 Critical Path  

22 Critical Path   Each critical activity should have a  
predecessor reflecting a physical 

dependency  

OôBrien and  
Plotnick 2010  

23. 

1  

Schedule  

Criticality  
rate.1  

Number of critical activities / total 

number of activities should be limited  

OôBrien and  

Plotnick 2010,  
De La Garza 1988  

23. 

2 

Schedule  

Criticality  
rate.2 

Duration of critical activities / total 

duration of activities should be limited  

Spencer and  

Lewis 2006 

24 Near criticality  
rate 

Number of near critical activities / total 
number of activities should be limited 
(near critical activities: TF<5 to 10)  

O'Brien and  
Plotnick 2010  

25 Project Effort  
Ratio  

Project critical path effort (number of  
labourers) / total project effort should be 

within a reasonable range  

Spencer and  
Lewis 2006  

26 Project Cost  
Ratio  

Project critical path cost/ total project 
cost should be within a reasonable range  

De la Garza 1988  

27 Critical  
Activity  
Duration  

Critical activities, to be well manageable 
should have a limited duration  

De la Garza 1988  

2.2.3 Resources   

28 Resource  

Loading  

Schedule should be loaded with 

resources as much as possible 

Madl 2010, Griffith 

2005, Glenwright 2004, 
Zack Jr 1991  

29 Responsibility  

Assignment  

A responsible party/person should be 

assigned to each activity  

PMI 2007, De la  

Garza 1988  

30 Schedule  

Leveling  

Schedule should be levelled  GAO 2009,  Douglas 

2009b  

31 Trades' Peak  
Resource  

Loading  

Compliance of peak resource loading of 
each trade with historical average data 

according to total installed cost and 
phase duration  

Madl 2010  

32 Trades' Peak  
Resource  
Loading  

Relation  

The relationship between various trades' 
peak resource loading should follow the 
historical average trend according to 

total installed cost and phase duration  

Madl 2010 

33 Trades' Rate of  

completion per  
week  

Compliance of each tradeôs progress 

curve with historical (typical) average 
Data according to total installed cost and 
phase duration 

Madl 2010  
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Table 13. contd.  

                                        Schedule Assessment And Evaluation Criteria 

                                                  Evaluating how good a schedule is 

NO Element  Explanation Source reference  

                                                      2.2 Schedule Components  

2.2.3 Resources  

34 Peak to average  

labour ratio  

 Peak to average number of labourers for 

each trade should comply with the 
average historical data according to total 

installed cost and phase duration  

Madl 2010  

2.2.4 Special Considerations  

35 Permits &  

Environmental  
Remediation  

Permits & environmental remediation 

should be included in the schedule (if 
applicable)  

Nabros 1994, De La 

Garza 1988  

36 Start-up and  
Testing 
Activities  

Start-up and testing activities should be  
included in the schedule (if applicable)  

Douglas 2009b, Zack Jr 
1991  

37 Submittal  
Activities  

Material and/or methods requiring prior  
approval must have their submittal 

activities in the network  

De la Garza 1988  

38 Submittals  
Review 

Activities  

Submittal reviews should be reflected in 
schedule as an activity  

Fredlund and king 1992, 
Zack Jr 1991, De La 

Garza 1988  

39 Procurement  
Activities 

Procurement activities should precede 
special installation tasks  

De la Garza 1988  

2.2.5 Activity Attributes  

40 Number of  

Constraints  

Number of constraints on activities start 

and finish should be limited  

GAO 2009, Spencer and  

Lewis 2006, Dzeng et al.  
2005  

41 Lag Duration  Should not be greater than the duration 

of Predecessor or Successor activity  

Winter 2010  

42 Relationship  

Ratio  

Total number of relationships/Total 

number of activities, should be limited  

OôBrien and Plotnick 

2010, Spencer and Lewis 
2006  

43 Activity  

without 
Affiliation  

No open ended activity i.e, activity 

without predecessor or successor is 
allowed  

Madl 2010, Li 2005, 

Winter 2010, Berg et al.  
2009  

44 Number of  
Activities  

If number of activities has not been 
indicated in the contract, it has to be 
within a min/max range  

OôBrien and Plotnick 
2010, De La Garza 1988 

45 Activity Float  Activities with excessive Total Float 
should be avoided  

Li 2005, Dzeng et al. 
2005, Berg et al. 2009, 

De La Garza 1988  

 

 

 



183 
 

 

Table 13. Contd.  

                                        Schedule Assessment And Evaluation Criteria 

                                                  Evaluating how good a schedule is 

NO Element  Explanation Source reference  

                                                       2.2 Schedule Components  

2.2.5 Activity Attributes  

46 Negative Float  No activity with negative float is 

allowed  

Madl 2010, GAO  

2009, Berg et al. 2009, 
Winter 2008 

47 Weather  
Sensitive 
Activities  

Special measures should be taken for 
this type of activities (e.g., Adjusting 
productivity according to seasonal 

conditions) 

Douglas 2007, Li 2005, 
Dzeng 2004, De La 
Garza 1988  

48 Activity  

Duration (rules  
of thumb)  

Activity duration should be limited to 

certain Days  

Berg et al. 2009,  

PMI 2007, De La  
Garza 1988  

Source:  Moosavi, (2012).                                                   
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In essence, table 13 is an output of a checklist developed in Moosavi, (2012), based on the 

integration of sporadic knowledge encompassing a wide range of recommended schedule 

evaluation provisions.  These extracted criteria from literature could be divided into two main 

categories: (1) conceptual and (2) quantitative provisions. The conceptual criteria reflect best 

practice recommended for consideration in evaluating schedules. They are usually generic 

and are provisions without adequate level of detail. Therefore, they are not sufficient for an 

effective method of schedule assessment, which requires more straightforward definite 

provisions. In order to remedy this deficiency, Moosavi, (2012) suggests that the generic best 

practice should be replaced by more detailed and definite provisions in order to overcome the 

above deficiency.  For instance, in the GAO guideline (2009), a provision recommends the 

critical path to be identified. This recommended practice, although extremely important, is 

too generic, and was thus replaced by the following, more specific criteria. 

         (i) All activities on the critical path should have a predecessor representing a 

                physical dependency (OôBrien and Plotnick 2010) 

         (ii)  The criticality and near criticality rate should satisfy the defined thresholds,   

               (OôBrien and Plotnick 2010, De La Garza 1988) and  

        (iii)  Critical activities, to be well manageable, should have a limited duration, (De  

                La Garza 1988) 

There are other deficiencies associated with the application of these conceptual provisions.  

These criteria cannot be readily assessed, and the assessment of schedules merely based on 

conceptual provisions would always be susceptible to subjectivity. It is not uncommon for 

different schedule evaluators or reviewers to conclude with different, or even contradictory, 

evaluation results.  One solution to overcome this limitation could be to define the proposed 

conceptual criteria in the clearest possible way to mitigate the possibility of misinterpretation.  

Furthermore, it would be recommended to include both conceptual provisions and 

quantitative criteria to decrease the level of subjectivity of the process of schedule evaluation. 
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Both of these proposed solutions are implemented in this thesis. The quantitative criteria are 

comprised of empirical rules and in some cases rules of thumb, introducing a set of 

thresholds on quantitative schedule components or items that should be included in the 

schedule. The quantitative schedule evaluation components encompass total float, duration, 

criticality and near criticality rate, project cost and effort ratio, and so forth. These provisions 

are also known as ñschedule health metricsò (PPSS, 2011) or ñmetricsò (Berg, et al. 2009). 

The quantitative criteria are suitable for methods which include computer implementation, as 

these provisions can be the object of effective evaluation automation. The required time for 

assessing schedules based on these criteria is much shorter in comparison with conceptual 

provisions. In addition, the obtained results are objective, not subjective. However, 

quantitative evaluation criteria are mostly applicable for schedule health assessments. In fact, 

issues such as representativeness, completeness and job logic discussed in Booth, (1993) and 

Booth, et al. (1989), cannot be effectively assessed by the application of these criteria. Hence, 

schedule health metrics should be judicious; otherwise, they are merely meaningless 

numbers. Considering the advantages of quantitative criteria, a careful selection of widely 

accepted schedule health metrics was included in Moosavi, (2012). It is interesting to indicate 

that a considerable number of the selected provisions were repeated in different references 

cited in Moosavi, (2012). This could be considered as an indicator of consensus or agreement 

among experts in this domain of schedule assessment and evaluation. A typical schedule 

assessment reports is presented in Appendix A8, adopted from Moosavi, (2012). It illustrates 

the content of such an assessment of a schedule of a Project duration = 1004 days, Total 

number of activities = 141, Total number of critical activities = 41.  Further, the assessment 

shows that the schedule is not loaded with resources and cost. Total number of constraints = 

2. Total number of relationships = 244, Number of open ended activities = 3, Standard 

deviation of activities duration = 41, Criticality rate (duration of activities) = 14%, Criticality 

rate (number of activities) = 29%, Near criticality rate = 4%. The importance of type of 
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evaluation is that it provides a basis for assessing the performance of two projects which have 

different total number of constraints applied, etc.   

 

2.12      SUMMARY AND GAP IN KNOWLEDGE AND GAP IN PRACTICE   
                

This literature review has provided evidence that better scheduling is, indeed, related to 

successful project performance. It developed an index which shows that activity start 

variance matched better cost and schedule performance, (Menches and Awad, 2006). The 

focus of the review is on the activity start variability effect due to early or late start 

scheduling options. It revealed that it is unsound for scheduling engineers to base such 

decisions on intuition, (Carl and Timothy, 2013). It is clear from the literature that there is 

gap in knowledge as well as a gap in practice regarding the right choice of start date in 

different project scenarios, Jerry (2011). Practitioners do not know which tasks and under 

what project scenarios should early or late start scheduling option be applied. And as 

demonstrated in the review, this knowledge gap is due to the lack of training using the MS 

Project in the aspects of constraint date instructions in 200 surveyed universities, (Galloway, 

2006 b). The review concludes that comparing activity start variance with cost variance, 

schedule variance, resource idle time, resource requirement variance and productivity 

variance may show a trend that the more the activity start variance, the more will be the cost 

variance, (Carr, 1993). The lower the activities start time variance, the better the cost and 

schedule performance. Thus as much as possible, the schedule should proactively mitigate 

both envisioned and unenvisioned disruptions by the application differential of early or late 

start schedules which is shown in this thesis can reduce activity start variability.  
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                                             CHAPTER THREE  

                                THE RESEARCH METHODOLOGY  

 

3.1      THE RESEARCH DESIGN    

Research is a process of a systematic inquiry by which knowledge of how things are, why 

things are the way they are and how they might be changed is created. It is an intensive and 

ordered study of a subject aimed at learning new facts, making and testing scientific 

propositions and ideas. Whether in the physical sciences, management sciences, social 

sciences or arts and humanities, research means the same thing, only that the subjects and 

phenomena under study differ. It is important to understand existing phenomena, improve 

upon old understandings of existing phenomena, identify new phenomena and discover or 

test the applicability of new knowledge. Webster Ninth ed. of new collegiate dictionary 

defines different perspectives of research as investigation or experimentation aimed at 

confirming discovery and interpretation of facts, revision of previously accepted theories or 

laws in the light of new facts, or assessing the practical application of such new or revised 

theories or laws. Whatever research is being proposed, the methodology statement should 

clearly define: The specific field data needed for the study; The research instruments required 

to collect these data; The consideration of the suitability of arrays of methods of analysis; and 

the likely results.     

         The perspective of this research being to confirm facts and evaluate the possibility of 

practical application of alternative choice option in the construction scheduling domain, the 

study is considered both pure and applied research. Pure research is conducted to develop 

conceptual hypothesis or to develop theoretical principles, framework or models. Applied 

research on the other hand is undertaken especially for the purpose of resolving a particular 

problem. It aims to collect information which can be used to help make practical decisions. 

Such research concerns two aspects of research namely: (1) The diagnosis of a situation (for 

example, what caused it and how the factors in the situations are related) (2) Proposing a 
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solution (for example, if a factor or a stimulus is introduced, how does the situation change). 

Eric (1998) states that in essence, in approach, in planning, in implementation as well as in 

the use of study results, pure and applied research are different. But they are not opposed to 

each other, rather there is an interplay between them. Good theoretical research (pure) can be 

applicable to practical problems. Similarly, applied (practical) research can enable 

advancement in grounded theory. The study reported has employed much of both pure and 

applied research methodologies. The interplay between theoretical (pure) and practical 

(applied) research are identified as: (1) Applied research can contribute facts which may lead 

to the initiation, rejection and reformation of theory, or its clarification, its re-examination 

and its re-definition. (2) Applied research offers an opportunity to test the validity of existing 

theory and may aid in conceptual clarification and precision. (3) Applied research can be 

useful in integrating existing theory especially if and when the solution of a problem requires 

some integration of the findings from theoretical and applied investigations in diverse fields. 

(4) Pure research offers solutions to many practical problems by developing general 

principles. Although direct application of the results is not an immediate objective of basic 

research, results of such research may eventually be widely applicable with far reaching 

positive implications. And (5) Pure research can go beyond common sense approach to 

abstract the key factors in a practical problem, thereby facilitating efficient solutions to the 

problem. 

         The development of many alternative procedures to finding solutions to a particular 

problem, specifying main and auxiliary consequences permits a choice of best solution. This 

is why a triad research design is employed to generate and analyse the primary source data in 

this research. Step one makes in-depth case study of on-going and or completed construction 

projects scheduled with Microsoft project planner. 
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Step two develops a quasi-experiment to investigate the relationships between identified 

independent and dependent variables in construction scheduling to assist examination of the 

direction, strength and causality of the relationships in view of theory and literature. And step 

three employs the ANOVA statistical tool to test and verify the hypotheses formulated in line 

with the research question and research problem.   

         The methodology used in this study is presented in Figure 24. A preliminary literature 

in the domain problem and later a thorough and extensive review in this same area show that 

the problem of resource downtime or non-worktime can be investigated by comparing the 

óAs-Builtô schedule with the óAs-Plannedô schedule. To confirm the length and breadth of the 

problem and to define how best to proceed with the investigation, a pilot survey was 

conducted for about four months The literature and the further enlightenment gained from the 

scoping survey helped to identify the boundary of the research problem and also to define 

three research approaches to investigate the issue of non-worktime of construction resources 

on the jobsite. These approaches are:  

      (i) In-depth case study of on-going and or completed construction projects scheduled  

           with Microsoft project planner. 

      (ii) Develops a quasi-experiment to investigate the relationships between identified 

           independent and dependent variables to assist examination of the direction, strength  

           and causality of the relationships in view of theory and literature.  

      (iii)  employs the ANOVA statistical tool to test and verify the hypotheses formulated  

             in line with the research question and research problem.  
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Figure 24.  Flow Chart of Thesis Methodology  
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 3.2   THE STUDY POPULATION AND SAMPLING  

 
For research purposes if practicable the entire population if known should be studied so that 

quality inferences can be drawn. If the population is precisely known but is large, like in the 

case of graduating students each year in the University of Jos, a sample can be selected to 

base the study on, which is representative of the entire population since the number of 

graduating students is large. Any inferences and conclusion drawn should recognize the 

relationship between the sample and the population.  However, the study of construction 

projects is unlike many other studies where the number of study subjects can be precisely 

known. Even if the study were to focus on a city like Jos, there are no accurate registers of all 

construction projects ongoing at any particular time. Therefore it is safe to assume a scenario 

of an unknown population. This is because the use of such properties like the population 

mean etc in error in the study analysis could yield very misleading and erroneous result. This 

is why a case study research design is proposed to collect study data from five ongoing 

projects and replicate the schedules through experimental research design.        

 

3.2.1      Convenience, Quota and Purposive Sampling  

The method of selection of the sample size of the five ongoing projects can be said to be 

convenience, quota and purposive sampling. Eric (1998) said that convenience sampling is a 

method in which the sample size of those units that happen to be available at the time of data 

collection is included. Already, contact is being made to obtain one case study of a project 

scheduled with Microsoft project planner in Jos. Telephone  arrangement seem to guarantee 

four from Abuja. This is the convenience sampling discussed in Eric (1998). Quota sampling 

is said to yield more representative sample than convenience sampling because even though 

in general a researcher has considerable freedom of choice, there is the restriction that certain 

characteristics of the sample must be typical or representative of the group being studied. 

This restriction is the ólargeô construction projects scheduled with Microsoft project planner 

(large, as defined in the scope statement). And purposive sampling is defined as a method of 
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sampling which draws a sample to illustrate or represent some particular characteristics or 

purpose in the population. For instance selecting only case projects that have adopted a 

certain technology. In this case, projects scheduled with Microsoft project planner.            

 

3.2.2      Sampling Error and Levels of Significance    

Eric (1998) opines that sampling error is the amount of imprecision that results due to the fact 

that an enquiry has been limited to a part of the population (i.e., the sample) rather than the 

entire population of concern. While a random sample may give results that are generalizable 

to the entire population, it does not follow that sample estimates of population characteristics 

and properties will necessarily be exactly the same as the true value of those characteristics 

or properties of the entire population. Rather a difference often exists between these estimates 

and the true population values.  This difference is partially due to the estimate coming from 

only a part of the population (a sample) rather than the whole of it.  This element of 

difference is known as the sampling error. It is an inevitable consequence of sampling, an 

uncertainty introduced by sampling.  

         Every sampling whether from a known or unknown population is inherently affected by 

sampling error. The error is more in the case of unknown population in which there seem to 

be no well-structured means of estimating it. Osuala (1990) and Black and Champion (1976) 

describe types of errors and how to avoid them. If the research rejects a null hypothesis 

which is true and should not have been rejected indicate a type I error. And if the research 

fail to reject a null hypothesis which is false and should have been rejected indicate a type II 

error. Osuala (1990) submits that the 0.01 level of significance is more exacting than the 0.05 

level.  The premise of his argument is that the confidence with which an investigator rejects 

or retains a null hypothesis depends on the level of significance adopted. A similar view is 

held by Black and Champion (1976) who state that the level of significance as one of the 

decision rules is the amount of type I error the investigator is willing to permit in testing the 

hypotheses and making quality and meaningful inferences. Although any probability level 
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can be selected as the amount of type I error permitted. Conventionally used levels of 

significance are 0.1, 0.05 and 0.01. A 0.05 level of significance permits 5 percent probability 

for type 1 error. A decision made to reject a hypothesis at this level of significance has 5 

percent chance of being wrong in rejecting a hypothesis that is possibly true that should not 

have been rejected. If rejected at 0.10 level of significance there is a 10 percent chance that 

the decision is wrong.  If rejected at 0.01 level of significance there is only 1 percent chance 

the decision is wrong, this supports Osuala (1990) that the 0.01 level of significance is more 

exacting than the 0.05 level. 

 

3.3      CASE STUDY RESEARCH DESIGN   

According to Fellows and Anita (2003), case study research investigates phenomena within 

context. And often the contextual variables are so numerous and qualitatively different that 

no single survey or data collection approach can be appropriately used to collect information 

about these variables. This is why a combination of case study and experimental research 

designs are considered in this study. Naoum (1999) sees case study research as one in which 

the researcher intends to support his/her arguments by in-depth analysis of facts surrounding 

the research questions. Eric (1998) defines case study research as an enquiry in which a 

limited number of study units or cases are investigated in-depth.  

         The focus of a case study is on the detailed structures, patterns or inter-relationships 

observed amongst the variables of interest. The case units are selected not in a random basis, 

but should possess certain characteristics which are needed for the investigation. Multiple 

case projects scheduled with the Microsoft project planner which provide insight into the 

study problem are used in this research. Finding out whether the results of a case study 

pertain to that of a larger population requires a more comprehensive sample survey of the 

population in instances where the population can be precisely known. Black and Champion 

(1976) observed that the main difference between a survey research and a case study research 
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is that the sample is drawn from a known population in a survey research while in the 

instance of case study research, the units selected for study are obtained from unknown 

population as illustrated in figures 25 and 26. The precise determination of the number of all 

on-going and completed construction projects will be difficult. For the research purpose 

therefore, so that quality inferences and generalization are made, this population needs to be 

precisely defined so that certain statistics of the entire population, like the population mean 

may be compared with sample means etc. In the absence of the fulfillment of this 

requirement, a case study research design is considered appropriate to seek answer to the 

research questions but only within the confine of the case or similar projects. Yin (1993) 

contrasts case study design with experimental research design where the focus is on testing 

one or two specific variables whilst others are controlled or held constant. Yin (1993) further 

asserts that case study research is based on either single-case or multiple-cases mapped with 

exploratory, descriptive or explanatory study. A single-case study needs only to focus on one 

case. In multiple-case studies, cases are selected so that they replicate each other, either exact 

(direct) replications or predictably different (systematic) replications.         

         Descriptive case study is aimed at systematically identifying and recording a certain 

phenomenon or process. It is not directly aimed at testing a theory or a hypothesis as being 

proposed in this research. Through such case studies one tries to find new theoretical 

interpretations or to gain more in-depth knowledge pertaining to existing theoretical insights. 

Exploratory case study is theory- driven as theory is the guide to tell one where to look for 

what one wants to observe (Runkel and McGrath, 1972). Exploratory case study research 

often generates hypotheses. Explanatory case study research is adopted in this study. It aims 

at hypotheses testing which usually has a causal explanatory character allowing a conclusion 

to be logically inferred, eg., high levels of job satisfaction lead to low absenteeism, or late 

start schedules for some tasks enhances efficient site operations. Explanatory case study 

research seeks to avoid premature use of theory as discussed by Glaser and Strauss (1967). In 
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testing a theory or an idea, case study can be used in conjunction with surveys and quasi-

experimental research design as part of the methodology as being proposed in this research. 

Naoum (1999) notes that as the nature of case studies focus on restricted but in-depth data 

base, the conclusion drawn may not be generalized but rather, related to the data base that 

generated the facts. This relative demerit of the method is recognized by Black and 

Champion (1976) who criticized it as being limited in scope and not sufficient to make 

meaningful and quality generalization. On the theoretical level however, Black and 

Champion (1976) argue that the findings from case studies could lend support to or provide 

refutation of theories of previously held ideas. They conclude that researchers should not 

regard case study findings as conclusive proofs of anything, rather that only through the 

accumulation of findings from many case studies and several replications of experiments can 

we make statements that have little or no exceptions.   

         The case study proposed in this research will focus on a detail study of the construction 

schedules. It hopes to obtain data from five completed or on-going construction projects 

scheduled with the Microsoft project planner. For each of the case projects, the way the 

schedule was initially developed will be studied to identify the scheduling options of start 

date (early or late start) adopted. By this, causal correlation or reason for multivariate 

relationship between scheduling procedure and key performance indicators is established. 

This is the purpose of the case study component of the research. 

 

3.4      QUASI-EXPERIMENT RESEARCH DESIGN   

Fellows and Anita, (2003) opines that an experiment is an activity or a process which 

produces events, and possible alternative outcomes. Scientific experiments are devised and 

conducted as tests to investigate possible relationships between variables of interest. Hicks, 

(1982) defines an experiment as a study in which certain independent variables are 

manipulated and the consequential effects on the dependent variables observed. An 
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experimental study is a type of enquiry in which a stimulus is applied to a subject and the 

effect observed. In an experimental design, a researcher allocates randomly selected subjects, 

items or individuals to at least two groups. One group (experiment group) is subjected to an 

intervention or treatment while the other group (control group) is not. The effect of the 

treatment can be observed by comparing outputs in the two groups. The classical 

experimental studies have three integral requirements: Manipulation of treatment or 

intervention; Control; Randomization. Manipulation means that the researcher does 

something to one group of subjects in the study. Control implies that the researcher 

introduces control groups mainly without the type of intervention in experimental group so 

that results can be compared. Randomization means that the researcher ensures that each 

subject is given an equal chance of being assigned to either group. By this the study 

endeavours to hold all other factors constant so that differences between the control and 

experimental groups can be linked to the different treatments or interventions applied. An 

experimental design is clearly a sure way to prove causation and its strength lies in the fact 

that, the researcher is able to randomize the subjects and hence eliminate or at least minimize 

the effects of confounding or intervening variables.  A quasi-experimental study on the other 

hand is a type of enquiry in which, even though at least one characteristic of a true 

experiment is missing, must always include manipulation of an independent variable that 

serves as the treatment or intervention.  
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                       xxxxxxxxxxxxx       

                       xxxxxxxxxxxxx                                                        Known population               
                       xxxxxxxxxxxxx 

 
 
                                   xxxxxx                                                                    A sample drawn from                                                                             

                                   xxxxxx                                                                    the known  population 
                           

                     
                    The characteristics of the sample  
                     are enumerated and described 

 
                    

                    An inference is made about the population          
                        Characteristics based on the characteristics of  
                        The sample drawn from the population 

 
 

Figure 25.  A Simple Illustration of Components of a Survey Research 
Source: Black and Champion (1976)     
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                             xxxxxxxxxxxxx        

                       xxxxxxxxxxxxx                                                     Unknown population               
                       xxxxxxxxxxxxx 

 
 

                                                                                                          Individual unit selected for                                                                             
                                                                                                          Study from unknown population 
                           
                     
                    An enumeration and description of   

                    characteristics of the case are made 
 

                    
                    Inferences are made that pertain to          
                        Cases similar to the one studied above  

                                       

                                                                             Cases similar to the one selected for                                     

                      xxxxxxxxxxxxxxxx                                   analysis, these cases may or may not be                                                                                                         

                        xxxxxxxxxxxxxxxxxx                                 similar to the unknown population above              

 

 

Figure 26. A Simple Illustration of Components of a Case Study Research            
Source: Black and Champion (1976)   
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The missing characteristic is either randomization or the use of a separate control group. For 

example, a study which investigates the effect of agricultural extension education on the level 

of participation of a village population in the adoption of new technologies, selects one or 

more villages in which agricultural extension education is given and one village that will not 

receive agricultural extension education to serve as the control group. A survey is then 

conducted to find out if adoption rate in the village where agricultural extension education 

was introduced is significantly different from the control village which did not receive 

agricultural extension education. The study is a quasi-experimental if the subjects are not 

assigned to the control or experimental group on a random basis. Experimental and quasi-

experimental studies are known as intervention studies because the researcher manipulates 

objects or situations and measures the outcome of the manipulation.          

         Validity of experimental results means that the conclusions of the study are true and 

reliable, that someone else using the same method in the same circumstances should obtain 

similar or same findings. Validity and reliability ratings of research conclusions may be any 

of these: Neither valid nor reliable; Reliable but not valid; Fairly valid but not reliable; Valid 

and reliable. One way this research tries to eliminate threats to validity is the selection of 

appropriate research design. In descriptive studies, threats to validity include: confounding 

factors (i.e., rival or alternative explanations; Unexpected historical factors; Bias; 

Unreliability of the survey instrument. The strategies to deal with threats to validity adopted 

in this proposed research include: Unobtrusive methods of data collection; Careful design and 

pre-testing of survey instrument or scoping survey and Knowledge of the issues and history 

of the research problem. Ideally the study variables should be isolated through the design of 

the experiment such that only one of the possibly, very many independent variables is 

changed and the consequential effects on isolated single dependent variable observed and 

measured accurately. Hickôs definition raises the issue of the way in which the independent 

variable is chosen and manipulated. Although random variation is one approach, often for 



200 
 

 

numerical variables particular values within a range of interest are assigned to the 

independent variable. While for categorical variables choice is made informed by the purpose 

of the research, theory, literature and conceptual framework. This method of choice of the 

independent variable by the range of interest provides much practicality, but some restriction 

on the inference which can be drawn from the results is observed. This is obviously so 

because variation of restricted independent variables cannot yield results of other 

independent variables not considered in the experiment.  

         In construction management and construction project-based experiments, it is neither 

practical nor possible to allow only one independent variable to alter in value, nor is it 

possible to isolate individual dependent variables on most occasions. Hence the usual 

approach to experimental design is to devise a study in which the main independent variables 

except the one of interest are held approximately constant and the consequences of the major 

dependent variables measured. Such an approach which restricts both the consideration of all 

possible independent variables as well as consideration of the consequential change of all 

dependent variables is called a quasi-experiment. In this research being proposed, such 

independent variables as organisational arrangements, different management styles of project 

managers, project types, site location and weather are held approximately constant to have 

least or no effect on observed consequential change in the dependent variables. If it is 

observed in the case study that weather has significant effect on the dependent variable, the 

inference and interpretation of results will be discounted. Experiments are designed and the 

results occur in the future. However, there are many instances where analysis is required of 

data which have been collected in the past. Such an approach is called ex-post-facto research. 

This proposed research has much of its content in this group because though an experiment is 

designed to generate future results, in actual fact some of these have occurred making it fit as 

ex-post-facto research. This experimental research design has precisely answered the 

research questions and proposed solutions to the research problem. The objective of any 
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theory building and information production process is to support and facilitate making 

informed assertion and informed decision. In the case of experimental research, the decision 

and assertion concern inference about the relationships of variables of interest investigated. 

Thus it is important that the variables are clearly identified. Also statement of appropriate 

definitions, means of measurement and explicit assumptions of these variables should be 

made to help in formulation of appropriate hypotheses. These hypotheses should concern 

relationships between independent and dependent variables to assist examination of direction, 

strength and causality of the relationships in view of theory and literature.     

         According to Eric, (1998) a variable can be numerical or categorical. Numerical 

variables are those whose different values are expressed in numbers e.g., personôs age in 

years, weight in kg, distance in km and monthly income in Naira. Categorical variables are 

those whose values are expressed in categories; sex either male or female; colour: red, blue, 

yellow or green; occupation: trader, farmer or artisan. Types of variables are: Dependent 

variables; Independent variables; Confounding variables and Background variables. 

Dependent variables are those which are used to describe or measure the problem or 

phenomenon under study. Dependent variables are regarded as being caused or forced by 

other variables called independent variables. The variables that are used to describe or 

measure the factors that are assumed to cause or at least to influence the problem or 

phenomenon are called independent variables. Independent variables are the variables 

thought to influence the dependent variables. A confounding variable is directly associated 

with possible cause of the problem. It may either strengthen or weaken the apparent 

relationship between the problem and a possible cause.  Regarding an association between, 

say variables X and Y, a researcher can conclude that X causes Y only if it can be 

demonstrated that Y was consequent upon X and that no other factors may have caused Y. So 

to provide a true picture of cause and effect, the confounding variables must be taken into 

account. On the other hand background variables are indirectly associated with possible 
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cause of the problem.  A note is here made that the three important variables or statistics 

being considered in this quasi-experimental research design are: A variation of different 

scheduling option treatments (categorical variables); Different projects (categorical variables) 

and Defined outcome of key performance indicators (numerical variables).   

         Clearly, the measurement of variables is crucially important. Experimental design 

considers the degree of accuracy which can be achieved and the method for achieving it. In 

forecasting the accuracy of an experiment, the probability of errors should be considered. A 

major consideration in the design of experimental research is the method used to change the 

dependent variable in order that any consequential changes in the dependent variable can be 

observed and measured. Fellows and Anita (2003) discuss three approaches for selecting the 

independent variables so that consequential change in the dependent variables can be 

observed and accurately measured. These are: Randomised change; Selected ranges of 

variables; The most restrictive or a convenient approach. Randomised change of the 

independent variables and/or their values is by use of some random number generator to 

determine the values to be employed within or without limits to the range of interest.  

Randomised change is commonly employed when numerical variables are considered. By its 

nature it cannot be used with categorical variables as such. Randomisation allows the 

experiment to be conducted, results produced and conclusions drawn, using the common 

assumption of independence of errors in measurement. This is usual in most statistical 

analysis because randomisation validates the assumption. Further, randomisation supports the 

assumption of averaging out the effects of uncontrolled independent or intervening variables. 

Such averaging removes much of the effects of the uncontrolled variables but does not do so 

absolutely.  Selected ranges of variables can be used to select categorical independent 

variables changed in the experiment to effect consequential change in the dependent 

variables. This selected range may be in terms of the identities of the independent variables 

and the ranges of the values which they may assume in case of numerical variables. For such 



203 
 

 

experiments, the main independent variables are identified by scrutiny of theory and 

literature. The variables can be quantitative and/or qualitative and their values selected or 

randomised. Use of extreme values of the variables should result in maximum effects on the 

dependent variables. This is why in the experiment being proposed the two extreme 

categorical values of óas soon as possibleô and óas late as possibleô are being considered 

because they should result in maximum effects on the dependent variables.  

         The most restrictive or the most convenient approach is adopted to control the 

independent variables rigidly. Strictly, the inferences which may be drawn from such 

experiments are valid only for the fixed experimental conditions. A universal and desirable 

feature of experimental research is replication. Replication facilitates increased numbers of 

observations and measurements of the variables under identical treatments. It assists 

provision of an estimate of experimental error, identification and quantification of sources of 

error, and leads to a reduction in standard errors thereby increasing precision. For instance as 

the number of observations, óNô increases the standard error of the dependent variable 

reduces as illustrated in equation 3 

 

SY   =              S
2                               equation 3                Source: Fellows and Anita (2003)                

                    n  

          
 

where:   

SY  = Standard error of the mean of the dependent variable Y   

S2  = Sample variance;             and     

 n   = Number of observations       

This formula proposed by Fellows and Anita (2003) suggests that the standard error will 

reduce with increase in number of observations made possible by replication. Clearly 

therefore, replication assists inference. As replication increases, so a wide variety of 

situations and variables can be subject to the experiment thereby yielding a greater range of 
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conditions to which the results may apply. This is why Petersen (1985) suggests that, due to 

the nature of standard errors, the accuracy of experimental results can be improved by 

increasing the size of the experiment by replication, incorporating more treatment values of 

the independent variables. He further states that due to the nature of standard errors, the 

accuracy of experimental results can be improved by: Increasing the size of the experiment 

by replication incorporating more treatments of the values of the independent variables; 

Refining the experimental method to achieve reduction of experimental error through 

reducing sample variance; Measuring a concomitant variable, or another associated 

independent variable to facilitate covariance analysis or the variance of the combination of 

the variables which may yield reduced experimental error.    

         Table 14 presents the experimental design in which varying treatment options of ALAP 

and ASAP constraints are applied in scheduling projects tasks while observed key 

performance indicators (in terms activity start variance) are represented as   X11,X12éX1K   etc. 

The table is a construct of projectsô key performance indicators due to different treatments 1, 

2,é.j.  Treatments ó1 to jô represents different scheduling options of ALAP, ASAP 

constraints applied in developing the baseline schedule. The observed schedule performance 

outcomes are shown as X11,X12éX1K, etc.  Key performance indicator 1 is due to treatment 1 

and it is shown as (X11), key performance indicator 2 due to treatment 1 is shown as (X12), up 

to and including key performance indicator K which is shown as (XkJ) due to treatment J. 

And J1,   J2 ééé JK, represent within treatment average due to the respective treatments. 

And 1K,   2K, ..ééé KJ, represent between treatment average due to the respective 

treatments.  

         The purpose of this classification in the quasi experiment is to test whether there is a 

significant difference in the observed data (means) or whether it can be concluded that 

observed trend or spread of data is due simply to chance. Effort is made to systematically 

show or otherwise that the different treatments applied have created the observed outcomes 
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on the different case projects. According to Spiegel and Larry (2008) problems such as this 

are solved by using the analysis of variance (ANOVA) technique initially developed for use 

in agriculture and biology by Fisher which makes use of the F distribution at defined degrees 

of freedom and at certain levels of significance.  

         This experiment employs the method of agreement of cause and effect, method of 

difference and method of concomitant variation discussed in Eric, (1998) to draw conclusion 

on logical proof of the effects of start date constraint on performance of construction 

schedules. Method of agreement entails both the positive method of agreement and the 

negative method of agreement. By positive method of agreement it is meant that when two or 

more cases of a particular phenomenon have one and only one condition in common, then 

that condition may be regarded as the cause or the effect of that phenomenon. For instance if 

we observe phenomenon Y in every case that we find condition X, it can be concluded that X 

and Y are causally related. Or simply put, if factor X is always found wherever Y is 

observed, it could be the cause of Y. The inherent weakness of this logical proof is that some 

factors may not have been taken into account.  
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Table 14   
Notation for ANOVA One-Factor Experiments  
  

                                                           K1,  K2, ééééKJ                                

    

                       Source: Spiegel and Larry (2008)   

Where: 

  Treatment J         = The first categorical variable which represents start date constraint  

                                 options eg., As Soon As Possible  and As Late As Possible   

                       XJK = Observed key performance indicator due to treatment J 

                       JK = The mean within treatments 1- J 

                       KJ =  The mean between treatments 1-J    

 

 

 

 

 

 

 

               Treatment 1 

 

 
X11, X21, éééé. Xk1 

 
 

   

J1 
 

 
 
 

 

J2 
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JK 

   

 
               Treatment 2  

 

 
X12, X22,éééé..Xk2 

 
 

                        : 

                        : 
                        : 

                        : 
                        : 

                         :  

                         :   
                         : 

                         : 
                         : 

 

 
               Treatment J 

 

 
X1J,  X2J, éééé. XKJ 
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It is very possible that X operates fully only when other conditions not considered are  

present. Moreover Y may have had a different cause in each of the cases.   On the other hand, 

the negative method of agreement holds that when factor non-X is observed to be associated 

with phenomenon non-Y, a causal relationship between X and Y may be concluded. Thus 

whenever an absence of factor X is associated with an absence of Y, it may be accepted that a 

causal relationship exists between X and Y. But it is possible that many important factors 

were left out of the consideration. Perhaps non-X leads to non-Y only when other factors are 

either present or absent. Or that non-Y may have had a different cause in each of the cases.   

         The method of difference design of logical proof proposes that if in two or more cases, 

phenomenon Y can be observed in one of them, while it cannot in the other; and if factor X 

takes place when phenomenon Y is observed and does not take place when phenomenon Y is 

not observed, then it is possible that there is a causal relationship between X and Y. While 

the first observation leads to a conclusion that X could cause Y, the second shows that other 

factors (not taken into account) could possibly cause Y. Besides the problem of recognizing 

and controlling the variables which are thought to be most important in the research, the 

design of proof can be undermined by the fact that the causal relationship may not be clear or 

even weak. The difficulty lies in the fact that the relationship between X and Y could be any 

of the following possibilities: 

            (i)  X is the cause of Y 

            (ii) Y is the cause of X  

            (iii) X and Y are both caused by another variable unknown 

A or B may also be the cause of Y but this relationship is obscured by other unknown factors 

X may cause Y but only when other and unknown factors are present or X does not cause Y 

because any indication to the contrary is a mere chance or fortuitous occurrence.    

Method of concomitant variation investigates the concomitant relationships between the 

variables. Concomitant means association or in agreement. Concomitant variation amongst a 



208 
 

 

set of data therefore explains how the change in one data affects the other in the association.  

This method states that if a change in the amount of one variable causes comparable change 

in the amount of another variable in more than one case, and the latter change does not occur 

in absence of the first change, one change is the cause (or effect) of the other. There are many 

types of hypothesized relationships that are possible, with this kind of logical proof: Perfect 

positive correlation; Perfect negative correlation; Perfect curvilinear correlation and Very low 

correlation. As such, the method of concomitant variation is applied today as correlation 

analysis. The connections between the variables X and Y, if considered as causal under this 

method, would pose similar problems as in the method of agreement and method of 

difference. Problems such as the direction of causality and the presence of unknown factors 

need to be carefully considered. In this research it is assumed that the only factors which 

cause change on the dependent variables (project performance metrics) are the variation in 

scheduling treatment.    

 

3.5      THE STUDY HYPOTHESES 

A fact refers to an empirically verifiable observation about phenomena. A theory refers to the 

relationship between facts or the ordering of facts in some comprehensive manner. While 

theory plays an active role in uncovering facts, facts themselves equally play significant role 

in developing theory. This is why it is often affirmed that the development of knowledge 

depends upon the simulation of facts by theory as well as the simulation of theory by facts. A 

key aspect of most knowledge building is concepts, hypotheses and empiricism. The 

emerging concepts through rigorous theory search and field data analysis must be subjected 

to thorough hypotheses testing through empiricism.                  

According to Fellows and Anita (2003), a hypothesis is a statement of conjecture, a hunch, a 

speculation, or an educated guess. It is a supposition which is tested rigorously by research to 

remove as much of the supposition (or uncertainty) as possible. This uncertainty is replaced 
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with knowledge that is certain, more realistic, less risk of being correct and more probability 

of being correct. The Chambers English dictionary in Fellows and Anita (2003) defines a 

hypothesis as: A supposition; A proposition; A theory to be proved or disproved by reference 

to facts; A provisional explanation of an idea.  Fellows and Anita (2003) further argue that 

not all research projects have need for hypotheses testing. Only those research projects for 

which theory has been developed to a significant extent and for which dependent and 

independent variables have been identified and their relationship defined is hypotheses 

testing both desirable and feasible. This proposed research therefore has drawn on literature, 

Efole (2009) to identify variables (dependent and independent) to formulate hypotheses to be 

tested. These hypotheses act to focus the research and define the boundary of the study. 

Three dependent variables, activity Start Variance, activity Finish Variance and project end 

date variance; and two independent variables, start time constraints options and project types 

are used in the hypotheses formulation. Table 15 illustrates the key performance indicators of 

the project which may have been created as a result of the start time constraints applied in 

developing the schedule. These start constraints are: 

                      As soon As possible     (ASAP);        As Late As possible   (ALAP); 

                      Start No Earlier Than    (SNET);       Start No Later Than   (SNLT); 

                      Finish No Earlier Than (FNET);        Finish No Later Than (FNLT); 

                      Must Start On                (MSO);        Must Finish On          (MFO); 
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Table 15           
The Fields used for Tracking in Microsoft Project (Key Performance Indicators) 
 

                                              Tracking      Fields  

Current Schedule               Baseline                              Variance                           Actual  

 

Start 
                                  

 

Baseline Start  
 

 

Start Variance                 
 

 

Actual Start  
 

 
Finish                               
 

 
Baseline Finish  
 

 
Finish Variance              
 

 
Actual Finish  
 

 
Duration                          

 

 
Baseline Duration  

 

 
Duration Variance        

 

 
Elapsed Duration  

 
 
 

 

 
 

 

 
 

 

 
Remaining Duration  

 
 

Work                               
 

 

Baseline Work  
 

 

Work Variance                
 

 

Work Complete  
 

 

                                 
 

 

 
 

 

 
 

 

Remaining Work  
 

 
Cost  
 

 
Baseline Cost  
 

 
Cost Variance                 
 

 
Cost to Date  
 

 
 

 

   
Remaining Cost 

  
 

    Source: Tim Pyron (1998)  
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Figure 27. The Constraint Pull down Menu 
     Source: Carl and Timothy (2010)       
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It is noted that aside from the two extreme start time constraints,  As soon As possible 

(ASAP); and As Late As possible (ALAP); the others are mandatory start or finish time 

constraints used only when certain scenarios are present and therefore it is not necessary to 

hypothesize their effects on project performance metrics.     

         The two independent variables, project types and start time constraints are categorical 

variables while the three dependent variables activity Start variance, activity finish variance 

and project end date variance are examples of numerical variables. These are shown in Figure 

27, Tables 15 and 16. In this research it is not necessary to attempt to assign numeric values 

to the categorical variables because the categorical variables are only taken as different 

treatments which when changed should cause the dependent numerical variables to change.    
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Table 16 
Constraint Types in MS Project      
 

Constraint Category            Constraint Types                      Means of Action                            

Flexible                           As Soon As Possible (ASAP)     Project will schedule a task to 

                                                                                                            occur as soon as it can occur.  

                                                                                                            This is the default constraint  
                                                                                                            when scheduling from the   

                                                                                                            project start date. There is no  
                                                                                                            constraint date for an 
                                                                                                            ASAP constraint.                                                                                 
                                          

                                        As Late As Possible (ALAP)       Project will schedule  task  

                                                                                                          to occur as late as it can occur. 
                                                                                                          This is the default constraint  

                                                                                                           type applied to all non-critical 
                                                                                                         tasks when scheduling from  

                                                                                                      the project finish date. 
                                                                                                           There is no constraint date    
                                                                                                           for an ALAP constraint.                                                                                                                                                                                                                                                              
 

      
Source: Carl and Timothy (2010)   
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It has been said that a hypothesis is a statement of conjecture which suggests a relationship 

between a dependent and independent variable. This statement concerns the nature of the 

relationship, the direction and strength of the relationship as well as causality. For example, 

óthe method of scheduling construction projects employed by contractors influences project 

performance and hence stakeholders satisfactionô. Apart from the criticism of the language 

construct, this hypothesis contains two dependent variables: project performance and 

stakeholdersô satisfaction. This type of hypothesis with two or more dependent variables is 

difficult to test because test result may support one part and not support the other. This is why 

Fellows and Anita (2003) suggest a split of such hypotheses into two main hypotheses, not 

auxiliary hypotheses to be tested. Three hypotheses are now formulated. They are drawn 

from the preparatory explanations presented as research questions in section 1.5   

 

3.5.1      Start Date Constraints and Activity Start  Variance  

This is the first hypothesis developed to test the relationship between start time constraints 

and activity finish variance. Null hypothesis: There is no significant relationship between 

start time constraint options (treatments) and activity start variance on any row j, and column 

k (Xjk). H0:1k= 2k= jk Alternative hypothesis: There is a significant relationship between 

start time constraint options (treatments) and activity start variance (Xjk).  H1: 1k Í 2k Í jk     

The treatment options used in the hypotheses formulation are: As Soon As Possible (ASAP) 

and As Late As Possible (ALAP) as illustrated in Table 16.  The philosophy behind using the 

means of activity start variance and activity finish variance to formulate the hypotheses in 

this manner is that if indeed there is no relationship between the dependent variable and the 

independent variable, then the observed means will be the same as shown in the null 

hypothesis. And if the converse, the alternative is true (i.e., there is a relationship), this will 

show in the fact that the observed means of the dependent variables will vary along the row 

as treatment number 1 is being applied to projects 1, 2,é. k. And it will also vary as different 

treatments 1, 2, é. J, are being applied to a particular project along the column representing 
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different projects or different blocks. The degree of variability which ANOVA seeks to 

unveil is a measure not only of the strength, but that of direction of the relationship between 

the variables of interest.                                                             

 
3.5.2      Start Date Constraint and Activity Finish Variance            

This is the second hypothesis developed to test the relationship between start time constraints 

and activity finish variance. Null hypothesis: There is no significant relationship between the 

start time constraint options (treatments) and activity finish variance on any row j, and 

column k (Xjk).    H0: 1k= 2k= jk  

Alternative hypothesis: There is a significant relationship between start date constraint 

options (treatments) and activity finish variance (Xjk).   H1: 1kÍ 2k Í jk   

The decision rules for rejection or acceptance of H0 and H1 are presented in section 3.6.1.                                                                                          

 

3.6      ANALYSIS OF VARIANCE (ANOVA)               

Earl, (1986) opines that analysis of variance applies the logic of statistical significance. 

Fundamentally, the cases under study are combined into groups representing an independent 

variable. And the extent to which the groups differ from or are similar to one another in terms 

of some dependent variables is analyzed. The analysis of variance (ANOVA) technique 

initially developed for use in agriculture and biology by Fisher makes use of the F 

distribution at defined degrees of freedom. Spiegel and Larry (2008) notes that the ANOVA 

technique can be applied to investigate the consequential effect of four different chemical 

treatments of soil on the produced mean wheat yields in an agricultural experiment. The four 

different chemical treatments of soil produced mean wheat yields of 28, 22, 18, and 24 

bushels per hectare. ANOVA is used to test for differences within and between subgroups of 

the sample. The technique will reveal if there is a significant difference in these means and 

further if the observed spread is due to chance or that quality inferences can be drawn that the 

difference in mean wheat yields is actually due to the different application of chemical 
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treatments of the different soil. There are two common forms of ANOVA, one-way and two-

way Analysis of variance. In one-way classification or one-factor experiment, measurement 

or observations are obtained for óaô independent groups of samples, where the number of 

measurement in each group is óbô. This means there are óaô treatments, each of which has óbô 

repetitions or replications. In the example given above if each chemical treatment is applied 

repeatedly on a single soil location perhaps during different years the result is a one-factor 

experiment or a one-way ANOVA and is presented in Table 14. 
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Table 14   
Notation for ANOVA One-Factor Experiments   

                                                                                   1k,  2k, ééééKJ                       

                                                                                                                                                            

Source: Spiegel and Larry (2008) 
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X11, X12, éééé. X1K 
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X21, X22,éééé..X2K 
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XJ1,  XJ2, éééé. XJK 

 

 



218 
 

 

It is a one-factor experiment because the one treatment is repeated on the one soil location 

several times. If however the different treatments are applied to different soil locations 

investigating the consequential effects of different treatment on different soil location results 

in a two-factor experiment because apart from varying applied treatment the soil location is 

also varied. The variation of these two factors, different chemical application and different 

soil location may have probably partially accounted for the different mean wheat yields of 

28, 22, 18, and 24 bushels per hectare.  

This Table 14: Notation for the one factor experiment measures the consequential effect of 

Treatment j: start date constraint options (As-Soon-As-Possible and As-Late-As-Possible) 

applied on different project task and the observed key performance indicator due to these 

treatments.  For convenience Table 14 is reproduced here for ease of quick reference to 

illustrate the Procedure for estimating F calculated in ANOVA.  
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Table 17    
ANOVA Analysis Table for One-Factor Experiment      
 

Sources of variation Degrees of Freedom Mean square         F Statistic 

Between treatments 

VB = b ễ(j- )2 

            J 

 

             a  - 1 

S2
B  = VB 

          a-1 

              

      FC = S2
B   ╘   S

2
W   

With a-1 and  a(b-1) 

Degrees of freedom  

     

  
Within treatments    

VW =  V - VB 

          

 

            a(b ï 1) 

S2
W = VW    

        a(b-1) 

  

     Total 

V = VB + VW  

 V = ễ (X- )2  

       Jk      

 

            ab-1 

 

           

        

 

  

 

Source: Spiegel and Larry (2008)                                                                             

  

    

3.6.1      Application of ANOVA in the Quasi-Experimental                                                                                            

Quasi-experimental methods use analytical approaches to estimate a variable (or identify a 

comparison group) to provide a robust measurement of impact of intervention on this 

variable. This measurement of impact of intervention is the direct domain application of 

ANOVA. The primary concern with quasi-experimental approaches is that there may be 

systematic differences between the control and treatment groups, which could undermine the 

ability to determine any causal link between treatment and observed outcomes. The design of 

the control group is critical to the success of such methods.      

         Quasi-experimental approaches use the difference-in-difference analysis (DiD), 

discussed in Tera et al (2018). Once an appropriate control group has been defined, 

measurements of the outcomes of interest are taken before and after the intervention. The 

primary assumption behind this approach is that any unobservable differences between the 

treatment and control groups are constant over time, and so any observed difference in 

outcomes following treatment intervention compared to the baseline measurement can be 

assumed to be caused by this intervention constraint of ASAP or ALAP applied. Figure 28 

shows an example of the difference-in-difference analysis. The Figure shows the observed 
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constant difference in outcome during the Pre-intervention and the Post-intervention phases 

of a process operation.  The Figure shows observed possible difference in outcomes of two 

project schedules, one red and the other black. These two schedules were initially prepared 

on the same basis of application of ASAP start constraints to schedule all floated activities. 

At pre-intervention phase observed activity start variance is recorded and notes a constant 

difference in outcome up to the point of post-intervention. However at post-intervention 

when ALAP start constraints are applied on the red schedule, it is noted that the difference 

between the observed start variance between the red schedule and the black schedule is no 

more constant. This is due to the aforementioned intervention which is the application of the 

ALAP start constraints on the red schedule which were not applied on the black schedule.     



221 
 

 

 

               Figure 28 

               The Difference- in-Difference Analysis   

               Source: Tera et al (2018)   
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3.6.2      Decision Rules in ANOVA     

The F statistic is a property of the sample which indicates the degree of variability of the data 

obtained in the experiment. The F statistic at 1% and at 5% levels of significance are 

presented in Appendixes A6 and A7. Though by visual inspection, the nature, the direction 

and the strength of the trend in data variability can be observed, ANOVA however helps to 

test if the observed data trend is actually due to applied variation of the different scheduling 

treatment and that the trend has not occurred by mere chance. The decision rule in ANOVA 

is simple. It involves assessing and comparing two statistics, the F critical also called F 

calculated (FCAL) and the F read from table FTAB at stated levels of significance with defined 

denominator and numerator degrees of freedom (Spiegel and Larry, 2008).  If FCAL is 

significantly large, and if it is greater than FTAB, (FCAL  ι FTAB), we can reject the null 

hypothesis H0, that there is no significant difference between the means and thus we can 

conclude that at the stated level of significance, the difference in activity start date is actually 

due to the constraint type applied in developing the initial baseline schedule. If however FCAL  

is less than 1 and or that FCAL ᾽ FTAB we can conclude that there is no significant difference 

between the means and thus accept H0 and reject H1. In summary in most cases if FCAL  ᾽ 

FTAB:   H0 is accepted and H1 is rejected. Conversely, if FCAL  ι FTAB, H0 is rejected and H1 is 

accepted. Conventionally used levels of significance are 0.1, 0.05 and 0.01. A 0.05 level of 

significance permits 5 percent probability for type 1 error. A decision made to reject a 

hypothesis at this level of significance has 5 percent chance of being wrong in rejecting a 

hypothesis that is possibly true that should not have been rejected. If rejected at 0.10 level of 

significance there is a 10 percent chance that the decision is wrong. If rejected at 0.01 level of 

significance there is only 1 percent chance that the decision is wrong, this supports Osuala 

(1990) assertion that the 0.01 level of significance is more exacting than the 0.05 level of 

significance. 
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3.7      DEFINITION OF THE PROPOSED FRAMEWORK   

In general, a framework is a real or conceptual structure intended to serve as a support or a 

guide for the building of something that expands or transforms this structure into something 

useful. A framework is often a layered structure indicating how the variables in the 

framework describing the process are interrelated. Some frameworks specify interfaces, or 

offer process tools for using the frameworks. A framework may be for a set of functions 

within a system and how they interrelate. And often all frameworks should show how the 

process for which the framework is developed could be standardized.  A framework is 

generally more comprehensive than a protocol or a model and it should be more prescriptive 

than a structure. Why is evaluation framework important in this thesis?  An understanding of 

how construction schedules function in terms of effectiveness in delivering outputs on the 

due date is essential in any organization. Without an understanding of what is working well, 

and what is working not so well, it is not possible to systematically, continuously improve 

operational process. And without rigorous evaluation of the scenarios and the interim 

processes that produced observed schedule performance, it is not possible to fully understand 

what procedures and or scheduling methods that are working well. Well-designed evaluation 

frameworks in the construction scheduling process can help confirm, review or revise our 

understanding of the scheduling needs for innovation, and how we can best meet those needs 

through targeted and appropriate choice of the start time constraint.  Over time, as we build 

the evidence base, by observing the schedule performance for different start time options of 

ASAP and ALAP, we can better design our construction activities in developing the 

construction schedule to ensure maximum effectiveness that events occur as scheduled.  This 

is why measurement is the first step that leads to control and eventually to improvement. If 

you canôt measure something, you canôt understand it. If you canôt understand it, you canôt 

control it. If you canôt control it, you canôt improve it.  
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This framework is a procedural and Mathematical framework to forecast the probability that 

a scheduling decision option will always yield optimum schedule performance. The 

framework estimates the decision confidence of the probability that the chosen option is 

correct based on the evidence contributing to the outcome of the chosen option. The goal of 

the framework is to make generic predictions from analytically proved several interventions 

of ASAP and ALAP and observable schedule performance measures in terms of activity start 

variance. These discriminability between constraint choice interrelationships specify 

necessary signatures of decision confidence in terms of externally quantifiable variables that 

can be empirically tested. The research results should lay strong foundations for a 

mathematically rigorous treatment of decision confidence that can applied for effective 

construction scheduling in different construction scenarios and domain applications and 

representation.  

 

3.8      DEVELOPING  AND VALIDATING THE FRAMEWORK  

A procedural framework is a list of variables describing certain processes that are mutually 

exclusive, collectively exhaustive, and hierarchically arranged, (Jeff, 2013).  A process 

framework is an abstract definition of an actual or proposed procedure or process, (Kellner et 

al, 1992). A process framework provides a theoretical or a textbook description of all the 

variables that should be enacted on a real project or a process. Effective frameworks should 

focus on critical few variables. Frameworks are basic to organize the structure of the 

processes and procedures of scheduling. The primary uses of the intended framework are: To 

identify the scheduling process by listing all the salient variables in the different procedures; 

benchmarking and identifying what to measure and evaluating potential outcome of 

identified procedures for possible improvement in different project scenarios.   

        Procedures in construction scheduling are often ad-hoc and largely inconsistent. For 

example, in scheduling activity A in project 1, early start schedule may be selected on an ad-
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hoc basis. In scheduling similar activity A in project 2, late start schedule may be selected. 

Such inconsistent procedures indicate that practitioners have little or no idea of the impacts  

of choice of ASAP and ALAP in schedule performance. And often management uses poor or 

inappropriate measurements of the schedule impact of the two scheduling options of ALAP 

and ASAP. This contextual reference to this inconsistency  is valuable to identify procedural 

gaps and overlaps in the scheduling domain. A flexible, multipurpose conceptual and 

statistical framework that is comprehensive and integrative in nature is intended to bring 

together data from the various relevant subject areas and sources, covering the issues and 

aspects of schedule development that are relevant for decision-making to enhance effective 

scheduling as illustrated in Figure 29. It addressed the followings:       

                       (i) Identify constraint types applied 

                       (ii) Measure and evaluate effectiveness in terms of activity start variance and  

                      (iii)  Establish or relate performance levels of different procedures     

Using a multilevel approach, this ówhat-ifô framework is organized into a structure composed 

of components and subcomponents. The first level of the structure consists of three basic 

components. The first component is the identification of the total number of scheduled 

activities. This total number of scheduled activities defines the size of the project investigated 

and is used to calculate an important ratio of ASAP and ALAP constraints applied for 

different case projects. The sub-component of this first component is the identification of   

different tasks types grouped into summary tasks, milestone tasks and scheduled tasks. This 

subcomponent will show the relationship between the ratio of ALAP or ASAP constraints 

and the total number scheduled task which do not necessarily include summary tasks and 

milestone tasks. The second component is the identification of constraint types applied in 

scheduling the various individual tasks. This second component may assist in defining which 

schedule is predominantly ALAP or ASAP. The third component will measure the observed 

start variance in the different schedules. Analysis of these measured start variance in 



226 
 

 

component three and the identified constraint types in component two are reduced to a four 

by four matrix which will show the number of schedules considered on the vertical axis, A, 

B, C, & D and the number of ALAP start constraints, the number of ASAP start constraints, 

the observed start variance and the observed start variance.  This matrix in Table xyz may 

reveal that in some project scenarios application of ALAP constraints may produce or 

support reduced activity start variance more than ASAP constraint application.    

       Though a rigorous and adequate procedures will be followed to develop the proposed 

framework, it will still be necessary to diligently design and follow a validation enquiry both 

to test the adequacy of the framework, its reliability or consistency of results and determine 

to what extent it is user friendly with reduced clumsiness. A further case study and expertôs 

opinions will be used to elicit confirmatory information to validate the framework.  

 

Table 18    

Four by Four Matrix of Relationship of Start Variance and Start Constraints 

 

                                                                                                          Start                      Finish            

Schedule               NO. of ASAP               NO. of ALAP            Variance                Variance                                                                       

A                                   WA                                XA                          YA                           ZA 

B                                   WB                                 XB                          YB                           ZB 

C                                   WC                                 XC                          YC                           ZC 

D                               WD                               XD                          YD                           ZD 

Source: Culled from Tera et al (2018)  
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Figure 29 

Key Variables of the Proposed óWhat-ifô Procedural Framework for Evaluating the 

Effectiveness of Construction Project Schedules. 

  

 

 

ω  
  

 

 component 
ωsub-component 

number of 
activites 

ωsummary tasks 

ωMilestone tasks  

ωscheduled tasks 

constraint 
types  

ωASAP; ALAP 

ωMSO; MFO; SNET; SNLT 

ωFNET; FNLT 
 

Measure 
start 

variance  

ωActivity start variance  
ωActivity Finish Variance 
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                                            CHAPTER FOUR 
              DATA PRESENTATION, ANALYSIS AND DISCURSSION   

 
4.1 NOTIONAL  AND EMPIRICAL DATA  

Partly notional and partly field data are collected in a pilot survey and analysed to assess 

whether or not a problem exists as defined in the problem statement and if solution can be 

sought in the way and manner conceived in the methodology statement. Using practical 

project scenarios the survey clarifies the proposed research methodology by illustrating the 

nature of data and the intended analysis techniques.  These two types of data, (theoretical and 

empirical) are collected to investigate the scope or magnitude and the direction of the 

research problem and to confirm whether there is indeed a significant relationship between 

applied ASAP and ALAP constraints and the observed project performance measured in 

terms of activity start time variance of different project activities.     

 

4.1.1   Start Time Constraints and Activity Start Variance    

The theoretical case study used bills of quantities prepared for a simple 5-Bedroom duplex 

building to determine the quantity or value of work. And using empirical field survey data of 

production output, deterministic duration estimates are used to develop a notional CPM 

schedule for the construction of the 5-Bedroom duplex building as shown in Figure 30. Table 

19 illustrates the project activities showing activity names and the ói-jô dependency 

relationships used in developing the schedule. The schedule shown in Figure 30 has 23 

activities and the events are scheduled in Microsoft project environment from start date (not 

from end date) to begin on the 17th of March 2014 and end on 3rd of July 2015 as illustrated in 

Figure 31 and Table 21. It should be noted that from Table 20 which illustrates event time 

analysis showing earliest and latest dates events can occur and float estimates, two types of 

schedule can be drawn. One which schedules all floated activities to occur as soon as 

possible, called early start schedule and the other which schedule all floated activities to 

occur as late as possible.  That there is a significant relationship between start time and        
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Figure 30   
CPM Schedule of a Case 5-Bedroom Duplex Building  
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      Table 19.          
      Project Activitiesô ói-jô Dependency Relationships  
 

Item Activity i-j  Activity Description Duration 

(Weeks) 

1 A 0-1 Mobilization to site, site preparation and preliminaries  5 

2 B 1-2 Setting out and excavate column bases 6 

3 C 1-3 Excavate foundation trenches  3 

4 D 2-3 Earthwork support and surface treatment   2 

5 E 3-4 Con. In foundation footing and col. bases 7 

6 F 4-6 Foundation walls, h/c filling, Backfilling & disposal   3 

7 G 4-5 Ground floor slab 2 

8 - 5-6 Dummy  - 

9 H 5-7 230mm Blockwork in load bearing walls 5 

10 J 5-8 150 mm Blockwork in load bearing walls 3 

11 K 6-7 Conc. in superstructure cols, beams, stair cases and 

suspended floors 

13 

12 L 7-8 Timber roof members and roof covering 3 

13 M 7-9 Metal first fix (door and window frames) 5 

14 - 8-9 Dummy - 

15 N 8-10 Metal second fix (Glazing) 4 

16 P 9-11 Woodwork first fix (doors, frames, skirting, kitchen 

cabinet  and dado rails) 

3 

17 Q 10-13 Woodwork second fix (Flush doors) 6 

18 R 11-12 Internal and External rendering  5 

19 S 12-14 M & E Installations  7 

20 T 12-15 Internal and External painting 3 

21 U 13-14 Floor Finishings   4 

22 V 14-15 Fencing Drainage and External works 8 

23 W 15-16 Clean site, Mobilisation from site and Handover  4 

  

Source: Illustrative example 
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             Table 20        
           Event Time Analysis and Float Estimates   
 

S/NO Activity Activity 
    i-j  

 Duration  
(Weeks)  

  Earliest  
Start  Fin 

    Latest 
Start      Fin  

     Float 
Total   Free 

Remark 

1 A 0-1 5 0 5 0 5 0 0 C/A 

2 B 1-2 6 5 11 5 11 0 0 C/A 

3 C 1-3 3 5 8 10 13 5 5 N 

4 D 2-3 2 11 13 11 13 0 0 C/A 

5 E 3-4 7 13 20 13 20 0 0 C/A 

6 F 4-6 3 20 23 20 23 0 0 C/A 

7 G 4-5 2 20 22 29 31 9 0 N 

8 - 5-6 - 22 22 23 23 1 1 N 

9 H 5-7 5 22 27 31 36 9 9 N 

10 J 5-8 3 22 25 18 41 16 14 N 

11 K 6-7 13 21 36 23 36 0 0 C/A 

12 L 7-8 3 36 39 38 41 2 0 N 

13 M 7-9 5 36 41 36 41 0 0 C/A 

14 - 8-9 - 39 39 41 41 2 2 N 

15 N 8-10 4 39 43 42 46 3 0 N 

16 P 9-11 3 41 44 41 44 0 0 C/A 

17 Q 10-13 6 43 49 46 52 3 0 N 

18 R 11-12 5 44 49 44 49 0 0 C/A 

19 S 12-14 7 49 56 49 56 0 0 C/A 

20 T 12-15 3 49 52 61 64 12 12 N 

21 U 13-14 4 49 53 52 56 3 3 N 

22 V 14-15 8 56 64 56 64 0 0 C/A 

23 W 15-16 4 64 68 64 68 0 0 C/A 

  
  
FOOT NOTE: Table 20 illustrates event time analysis, showing earliest and latest dates 

events can occur and float estimates. The schedule shown in Figure 30 has 23 activities and 
the events are scheduled from start date to begin on the 17th of March 2014 and end on 3rd of 

July 2015 using Microsoft project planner, as illustrated in Figure 31 and Table 21.   
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Figure 31  

A Section of óAs-Plannedô Early Start Schedule CPM Showing the Start and Finish Dates for Activities 2 & 3    

 

ID Task Name Duration Start Finish Predecessors

1 MOBILISATION & SITE 
PREPARATION 

5 wks Mon 
17/03/14

Fri 18/04/14

2 SETTING OUT 6 wks Mon 21/04/14Fri 30/05/14 1
3 EXCAVATION 3 wks Mon 21/04/14Fri 09/05/14 1
4 EARTHWORK SUPPORT 

& SURFACE TREATMENT
2 wks Mon 

02/06/14
Fri 13/06/14 2

5 CONC IN FOUNDATIONS7 wks Mon 16/06/14Fri 01/08/14 3,4
6 FOUNDATION WALLS, 

H/C, BACKFILLING AND 
DISPOSAL 

3 wks Mon 
04/08/14

Fri 22/08/14 5

7 GROUNDFLOOR SLAB2 wks Mon 04/08/14Fri 15/08/14 5
8 DUMMY 0 days Fri 15/08/14 Fri 15/08/14 7
9 230MM BLOCKWORK 

LOAD BEARING WALLS  
5 wks Mon 

18/08/14
Fri 19/09/14 7

10 150MM BLOCKWORK 
PARTITION WALLS

3 wks Mon 
18/08/14

Fri 05/09/14 7

11 CONC IN 
SUPERSTRUCTURE 
COLS, BEAMS, STAIR 
CASES & SUSPENDED 
FLOORS

13 wks Mon 
25/08/14

Fri 21/11/14 6,8

12 TIMBER ROOF 
MEMBERS & ROOF 
COVERING

3 wks Mon 
24/11/14

Fri 12/12/14 11

15/08

M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S
17 Mar '14 24 Mar '14 31 Mar '14 07 Apr '14 14 Apr '14 21 Apr '14 28 Apr '14 05 May '14 12 May '14 19 May '14 26 May '14 02 Jun '14 09 Jun '14
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Table 21              

óAs-Plannedô Early Start Schedule   

 

ACTIVITY  

     ID 

ACTIVITY  

START DATE                                               

ACTIVITY   

FINISH DATE                                      

ACTIVITY  

DURATION 
1 17.03.14 18.04.14 5WKS 

2 21.04.14 30.05.14 6 

3 21.04.14 09.05.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 15.08.14 15.08.14 DUMMY 

9 18.08.14 19.09.14 5 

10 18.08.14 05.09.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13 24.11.14 26.12.14 5 

14 12.12.14 12.12.14 DUMMY 

15 15.12.14 09.01.15 4 

16 29.12.14 16.01.15 3 

17 12.01.15 20.02.15 6 

18 19.01.15 20.02.15 5 

19 23.02.15 10.04.15 7 

20 23.02.15 13.03.15 3 

21 23.02.15 20.03.15 4 

22 13.04.15 05.06.15 8 

23 08.06.15 03.07.15 4 

 
FOOTNOTE: This is the default scheduling option when scheduling from the project start 

where all floated or non-critical activities are scheduled to occur as soon as possible.  
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Figure 32   

A Section of óAs-Plannedô Late Start Schedule CPM Showing the Start and Finish Dates for Activity 3  



235 
 

 

 Table 22    

óAs-Plannedô Late Start Schedule         

 

 
FOOTNOTE: All floated or non-critical activities are scheduled to occur as late as possible 

using all available free float. This is the default option when scheduling from predetermined 
project end date. The table presents the late start schedule where all non-critical activities are 

schedule to occur as late as possible. Events are scheduled from start date to begin on the 17th 
of March 2014 and the project still ends on the 3rd of July 2015. 
 

 
 

 
ACTIVITY  

     ID 

 
ACTIVITY  

START DATE                                               

 
ACTIVITY   

FINISH DATE                                      

 
ACTIVITY  

DURATION 
1 17.03.14 18.04.14 5WKS 

2 21.04.14 13.06.14 6 

3 26.05.14 13.06.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 22.08.14 22.08.14 DUMMY 

9 20.10.14 21.11.14 5 

10 24.11.14 12.12.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13 24.11.14 26.12.14 5 

14 26.12.14 26.12.14 DUMMY 

15 15.12.14 09.01.15 4 

16 29.12.14 16.01.15 3 

17 12.01.15 20.02.15 6 

18 19.01.15 20.02.15 5 

19 23.02.15 10.04.15 7 

20 18.05.15 05.06.15 3 

21 16.03.15 10.04.15 4 

22 13.04.15 05.06.15 8 

23 08.06.15 03.07.15 4 
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Figure 33   

A Section of óAs-Plannedô Differential CPM Schedule Showing the Start and Finish Dates for Activity 13    
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Table 23       

óAs-Plannedô Differential Early/Late Start Schedule    

         

 
ACTIVITY  
     ID 

 
ACTIVITY  
START DATE                                               

 
ACTIVITY   
FINISH DATE                                      

 
ACTIVITY  
DURATION 

1 17.03.14 18.04.14 5WKS 

2 21.04.14 30.05.14 6 

3 26.05.14 13.06.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 15.08.14 15.08.14 DUMMY  

9 18.08.14 19.09.14 5 

10 18.08.14 19.09.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13 24.11.14 26.12.14 5 

14 12.12.14 12.12.14 DUMMY  

15 15.12.14 09.01.15 4 

16 29.12.14 16.01.15 3 

17 12.01.15 20.02.15 6 

18 19.01.15 20.02.15 5 

19 23.02.15 10.04.15 7 

20 18.05.15 05.06.15 3 

21 23.02.15 20.03.15 4 

22 13.04.15 05.06.15 8 

23 08.06.15 03.07.15 4 

 
FOOTNOTE: This scheduling option applies differentially early and late start schedule on  

                       selected Non-critical Activities based on project specific attributes, task 
                       specific attributes and resource specific attributes. The table presents activity  
                       start dates for differential early/late start schedule. This scheduling option 

                       applies differentially early and late schedule on selected non-critical activities  
                       based on project specific attributes. In this option events are scheduled from 

                       start date to begin on the 17th of March 2014 and the project still ends on the 
                       3rd of July 2015.  
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activity start variance. This suggests that schedules based on as late as possible experience 

reduced activity start variability that events are likely to occur as planned. This is desirable.  

These three different scheduling outcomes seem to present similar outcome scenarios of the 

project starting and ending on the same dates. The effects of the different scheduling options 

however, will become apparent when all unexpected events that could occur have taken place 

and when built into the schedule, MS project recalculates new updated schedules as 

illustrated in Tables 28, 29 and 30; and Figures 34, 35 and 36.   
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 Figure 34            

A Section of óAs-builtô Early Start Schedule Showing the Start and Finish Dates for Activity 13    
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Table 24    

óAs-Builtô Early Start Schedule     

  

 

ACTIVITY  
     ID 

 

ACTIVITY  
START DATE                                               

 

ACTIVITY   
FINISH DATE                                      

 

ACTIVITY  
DURATION 

1 17.03.14 18.04.14 5WKS 

2 21.04.14 30.05.14 6 

3 21.04.14 09.05.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 15.08.14 15.08.14 DUMMY 

9 18.08.14 19.09.14 5 

10 18.08.14 05.09.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13          X 15.12.14 16.01.15 5 

14 12.12.14 12.12.14 DUMMY 

15          X 05.01.15 30.01.15 4 

16 19.01.15 06.02.15 3 

17 02.02.15 13.03.15 6 

18 09.02.15 13.03.15 5 

19 16.03.15 01.05.15 7 

20 16.03.15 03.04.15 3 

21 16.03.15 10.04.15 4 

22 04.05.15 26.06.15 8 

23 29.06.15 24.07.15 4 

 

 FOOTNOTE: óAs-Builtô Early start schedule when start of activities 13 & 15 are each 
                          delayed for three weeks in the óAs-Plannedô Early start schedule.   
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Figure 35  

A Section of óAs-Builtô Late Start Schedule Showing Start and Finish Dates for Activities 13   



242 
 

 

Table 25     

óAs-builtô Late Start Schedule     

 

 

ACTIVITY  
     ID 

 

ACTIVITY  
START DATE                                               

 

ACTIVITY   
FINISH DATE                                      

 

ACTIVITY  
DURATION 

1 17.03.14 18.04.14 5WKS 

2 21.04.14 30.05.14 6 

3 26.05.14 13.06.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 22.08.14 22.08.14 DUMMY 

9 20.10.14 21.11.14 5 

10 24.11.14 12.12.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13         X    15.12.14 16.01.15 5 

14    26.12.14 26.12.14 DUMMY 

15         X   05.01.15 30.01.15 4 

16 19.01.15 06.02.15 3 

17 02.02.15 13.03.15 6 

18 09.02.15 13.03.15 5 

19 16.03.15 01.05.15 7 

20 18.05.15 05.06.15 3 

21 16.03.15 10.04.15 4 

22 04.05.15 26.06.15 8 

23 29.06.15 24.07.15 4 

  

FOOTNOTE:  óAs-Builtô Late start schedule when start of activities 13 & 15 are each 
                          delayed for three weeks in the As-Planned Late start schedule.     
 

 



243 
 

 

 

 
 

 

Figure 36   

A Section of óAs-Builtô Differential CPM Schedule Showing the Start and Finish Dates for Activity 20       
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 Table 26     
óAs-Builtô for the Differential Early/Late Start Schedule    
 

 
 

FOOTNOTE: This is updated activity start and activity finish dates for differential CPM  
                        schedule. 
  

 

 

 

 
ACTIVITY  

     ID 

 
ACTIVITY  

START DATE                                               

 
ACTIVITY   

FINISH DATE                                      

 
ACTIVITY  

DURATION 
1 17.03.14 18.04.14 5WKS 

2 21.04.14 30.05.14 6 

3 26.05.14 13.06.14 3 

4 02.06.14 13.06.14 2 

5 16.06.14 01.08.14 7 

6 04.08.14 22.08.14 3 

7 04.08.14 15.08.14 2 

8 15.08.14 15.08.14 DUMMY 

9 18.08.14 19.09.14 5 

10 18.08.14 05.09.14 3 

11 25.08.14 21.11.14 13 

12 24.11.14 12.12.14 3 

13         X    15.12.14 16.01.15 5 

14  12.12.14 12.12.14 DUMMY 

15         X    05.01.15 30.01.15 4 

16 19.01.15 06.02.15 3 

17 02.02.15 13.03.15 6 

18 09.02.15 13.03.15 5 

19 16.03.15 01.05.15 7 

20 18.05.15 05.06.15 3 

21 16.03.15 10.04.15 4 

22 04.05.15 26.06.15 8 

23 29.06.15 24.07.15 4 
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Table 27   

Variance for Early Start Schedule     

 
 

 
FOOTNOTE: Corresponding dates in updated early start schedule minus dates in initial early  

                        start schedule.   
 

 

 

 

 

 

 

 

 

 

 

 

 

ACTIVITY  
     ID 

 
ACTIVITY START VARIANCE 

 
ACTIVITY FINI SH VARIANCE 

13 15.12.14 -24.11.14 = 3 WKS 16.01.15 -26.12.14 = 3 WKS 

14 12.12.14 ï 12.12.14 = 0   (DUMMY) 12.12.14 ï 12.12.14 = 0   (DUMMY) 

15 05.01.15 ï 15.12.14 = 3  30.01.15 ï 09.01.15 = 3 

16 19.01.15 ï 29.12.14 = 3 06.02.15 ï 16.01.15 = 3 

17 02.02.15 ï 12.01.15 = 3 13.03.15 ï 20.02.15 = 3 

18 09.02.15 ï 19.01.15 = 3  13.03.15 ï 20.02.15 = 3 

19 16.03.15 ï 23.02.15 = 3  01.05.15 ï 10.04.15 = 3 

20 16.03.15 ï 23.02.15 = 3 03.04.15 ï 13.03.15 = 3 

21 16.03.15 ï 23.02.15 = 3 10.04.15 ï 20.03.15 = 3 

22 04.05.15 ï 13.04.15 = 3 26.06.15 ï 05.06.15 = 3 

23 29.06.15 ï 08.06.15 = 3 24.07.15 ï 03.07.15 = 3 

          = 3          = 3 
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Table 28    

Variance for Late Start Schedule   

 

ACTIVITY  
     ID 

 
ACTIVITY START VARIANCE 

 
ACTIVITY FINISH VARIANCE  

13 15.12.14 ï 24.11.14 = 3 WKS 16.01.15 ï 26.12.14 = 3 WKS 

14 26.12.14 ï 26.12.14 = 0 26.12.14 ï 26.12.14 = 0  

15 05.01.15 ï 15.12.14 = 3  30.01.15 ï 09.01.15 = 3 

16 19.01.15 ï 29.12.14 = 3  06.02.15 ï 16.01.15 = 3 

17 02.02.15 ï 12.01.15 = 3  13.03.15 ï 20.02.15 =3 

18 09.02.15 ï 19.01.15 = 3 13.03.15 ï 20.02.15 = 3 

19 16.03.15 ï 23.02.15 = 3  01.05.15 - 10.04.15 = 3 

20 18.05.15 ï 18.05.15 = 0  05.06.15 ï 05.06.15 = 0 

21 16.03.15 ï 16.03.15 = 0 10.04.15 ï 10.04.15 = 0 

22 04.05.15 ï 13.04.15 = 3  26.06.15 ï 05.06.15 = 3 

23 29.06.15 ï 08.06.15 = 3 24.07.15 ï 03.07.15 = 3 

          = 2.4  WKS         = 2.4  WKS 

  

FOOTNOTE: Corresponding dates in updated late start schedule minus dates in initial late   
                        start schedule.  
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Table 29     

Variance for Differential Early/Late Start Schedule  

 

 
ACTIVITY  

     ID 

 
ACTIVITY START VA RIANCE 

 
ACTIVITY FINISH VARIANCE  

13 15.12.14 ï 24.11.14 = 3 WKS 16.01.15 ï 26.12.14 = 3 WKS 

14 12.12.14 ï 12.12.14 = 0   (DUMMY) 12.12.14 ï 12.12.14 = 0 (DUMMY)  

15 05.01.15 ï 15.12.14 = 3  30.01.15 ï 09.01.15 = 3 

16 19.01.15 ï 29.12.14 = 3  06.02.15 ï 16.01.15 = 3 

17 02.02.15 ï 12.01.15 = 3  13.03.15 ï 20.02.15 =3 

18 09.02.15 ï 19.01.15 = 3 13.03.15 ï 20.02.15 = 3 

19 16.03.15 ï 23.02.15 = 3  01.05.15 - 10.04.15 = 3 

20 18.05.15 ï 18.05.15 = 0  05.06.15 ï 05.06.15 = 0 

21 16.03.15 ï 23.02.15 = 3 10.04.15 ï 20.03.15 = 3 

22 04.05.15 ï 13.04.15 = 3  26.06.15 ï 05.06.15 = 3 

23 29.06.15 ï 08.06.15 = 3 24.07.15 ï 03.07.15 = 3 

          = 2.7  WKS         = 2.7  WKS 

 

 
FOOTNOTE: Corresponding dates in updated differential early/late start schedule minus 
                        dates in initial differential early/late start schedule.       
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Table 30   

Project End Date Variance   

           

 

TREATMENT 

 

PROJECT END DATE                VARIANCE   
        I   24.07.15 ï 03.07.15                          3WKS 

        II   24.07.15 ï 03.07.15                           3WKS  

        III   24.07.15 ï 03.07.15                           3WKS  

 
FOOTNOTE: Project end date variance is the updated end date minus initial end date.   

 

Table 17    
ANOVA Analysis Table for One-Factor Experiment  

Sources of variation Degrees of Freedom Mean square         F Statistic 

Between treatments 

VB = b ễ(j- )2 

            J 

 

             a  - 1 

S2
B  = VB 

          a-1 

              

      FC = S2
B   ╘   S

2
W   

With a-1 and  a(b-1) 

Degrees of freedom  

     

  
Within treatments    

VW =  V - VB 

          

 

            a(b ï 1) 

S2
W = VW    

        a(b-1) 

  

     Total 

V = VB + VW  

 V = ễ (X- )2  

       Jk      

 

            ab-1 

 

           

        

 

  

 

Source: Spiegel and Larry (2008)                                                                             
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4.1.2      Hypothesis Testing: Notional Start Date Constraint       

From the variance analysis presented in Tables 27, 28, 29 and 30, Table 31 is generated. 

Table 31 is similar to Table 14 which shows the different scheduling options applied 

(indicated as different treatment) and the observed activity start variances during project 

implementation. There seem to be a relationship between the start date constraint and activity 

start variance. The strength of this relationship is tested using the ANOVA Analysis Table 

for One-Factor Experiment in Table 17. The FCAL is obtained to test the hypothesis whether 

there is a significant relationship between the start date constraint and activity start variance.  

This is usually stated as: H0b: 1k= 2k= jk  i.e, the observed means being equal or not.  If  

FCAL <  FTAB,   we accept H0:  That there is no significant relationship between start date 

constraint and activity start variance. If FCAL >  FTAB,   we reject H0 and accept H1:  That there 

is a significant relationship between start date constraint and activity start variance.     
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Table 31     

ANOVA Table for One-Factor Experiment of Notional Case Study       

  

                                                           ASV                      AFV                        PEV 

  Treatment   I                                      3.0                      3.0                             3.0         J = 3.0   WKS                        

                     II                                     2.7                      2.7                             3.0              = 2.8  

                     III                                    2.4                      2.4                             3.0              = 2.6 

FOOTNOTE: This is similar to ANOVA table for one factor experiment     
Where:  ASV: Activity start variance, AFV: Activity finish variance, PEV: Project end date 
variance, b: number of variables considered and J: within treatment average.   
 

Table 31 (b)    

ANOVA Table for One-Factor Experiment of Notional Case Study showing Row Total etc.  

        Factor            

Treat                  

 

  ASV 

 

       AFV 

 

      PEV 

 

  Row total 

 

Row mean 

Treatment 1         3          3         3          9          3 

                  2        2.7         2.7         3        8.4        2.8 

                  3        2.4         2.4         3        7.8       2.6 

Column total        8.1         8.1        9.0 Grand total  = 25.2 

Column mean        2.7         2.7       3.0 Grand mean = 2.8 
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Between treatments variation 

VB = bễ(j- )2 

           J   

Within treatment variation 

     VW = V -  VB   

 

Total variation    

V = ễ(Xj- )2 

        J  

   = ễXjk = mean for all entries   = 2.8  
         N  
 

VB  = 3[ ( 3- 2.8)2 + ( 2.6 ï 2.8)2  + ( 2.8 ï 2.8 )2]  = 3 [ ( 0.04) + ( 0.04)  + (0)] = 0.24   

V = [(3- 2.8)2 + (3 ï 2.8)2 + (3 ï 2.8)2 + (2.4 ï 2.8)2 + (2.4 ï 2.8)2 + ( 3 ï 2.8)2 +  

            (2.7 ï 2.8)2 + (2.7 ï 2.8)2 + (3 ï 2.8)2]     

   = [(0.04) + (0.04) + (0.04) + (0.16) + (0.16) + (0.04) (0.01) + (0.01) + (0.04)] = 0.54 

VW = V - VB  = 0.54 ï 0.24 = 0.30   

S2
B  =  VB      = 0.24    = 0.12 

           a-1           2 

 

S2
W  =  VW    =  0.30   = 0.05 

            a(b-1)      6 

   

FCAL     =   S2
B          = 0.12                = 2.40 

                 S2
W             0.05 

 

V1 = a -1    = 3-1 =   2 
 

V2 = a (b-1) = 3 (3-1) = 6 
 

FTAB  = 5.14   Obtained from table at 1 % level of significance 
         = 10.9    Obtained from table at  5 %  level of significance  

 

4.1.3      Discussion of Results for the Notional Case Study     

The decision rule in ANOVA has been discussed in section 3.6.2. Decision in ANOVA 

involves assessing and comparing two statistics, the F critical also called F calculated (FCAL) 

and the F read from table FTAB at stated levels of significance with defined denominator and 
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numerator degrees of freedom (Spiegel and Larry, 2008).  If FCAL is significantly large, and it 

is greater than FTAB, (FCAL ι FTAB), we can reject the null hypothesis H0, that there is no 

significant difference between the means and thus we can conclude that at the stated level of 

significance, the difference in activity start date is actually due to the constraint type applied 

in developing the initial baseline schedule. If however FCAL  is less than 1 and or that FCAL  ᾽ 

FTAB,  we can conclude that there is no significant difference between the means and thus 

accept H0 and reject H1. In summary in most cases if FCAL  ᾽ FTAB:   H0 is accepted and H1 is 

rejected. As explained in section 3.6.2, cconventionally used levels of significance are 0.1, 

0.05 and 0.01. A 0.05 level of significance permits 5 percent probability for type 1 error. A 

decision made to reject a hypothesis at this level of significance has 5 percent chance of 

being wrong in rejecting a hypothesis that is possibly true that should not have been rejected. 

If rejected at 0.10 level of significance there is a 10 percent chance that the decision is wrong. 

If rejected at 0.01 level of significance there is only 1 percent chance that the decision is 

wrong, this supports Osuala (1990) assertion that the 0.01 level of significance is more 

exacting than the 0.05 level of significance. From section 3.9.2, FCAL = 2.40 and FTAB = 10.9  

at 1% level of significance and FTAB = 5.14 at 5 % level of significance. Since FCAL < FTAB 

but FCAL  ι 1 at both 1 % and 5% levels of significance we can either accept H0 or otherwise 

reserve our judgement pending further analysis since FCAL ι 1. That there is somehow a 

significant relationship between start date constraint applied and activity start variance at 

both levels of significance since FCAL  = 2.40, which is greater than 1. The trend in Table 31 

therefore has not occurred by chance. Therefore it can be concluded that treatment III (Late 

start schedules) is a much more level-headed and desirable schedule with reduced activity 

start variability. This is the incremental contribution to knowledge. Practitioners should 

therefore note that scheduling all floated activities to occur as-soon-as-possible may not 

always enhance optimum schedule performance as shown in this data analysis.  This 

preliminary partial result shows the achievement of the third research objective which is to 
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test the hypothesized causal correlation or reasons for multivariate relationship of start date 

constraint and key performance indicators in terms activity start time variance using 

ANOVA. Though more field data is needed to confirm and validate this supposition, this 

study can at this stage assert that if by deductive reasoning the Probability of Project 

Completion on the due date is defined to be PR = 100 % - % VAR. Where % VAR = % of 

activity start variance. Deductively, a reduction of % VAR to ZERO would mean 100 % 

Probability of Project Completion on the due date. If there is high % VAR, e.g, 75% VAR, 

then, the possibility of project completion on the due date is only 25%.  From Table 31 the 

average of VARI, VARII , VARIII = 3.0, 2.7, & 2.4 respectively. Therefore the percentage 

activity start variance for the different three scheduling options of strong ASAP schedules; 

intermediate ALAP schedules and strong ALAP schedules are:   

              % VARI  =  3.00/ 23   x  100  = 13.04 %       

  
              %VARII    =  2.70 / 23  x 100   = 11.74 %  and  
 

              % VARIII  =  2.40 / 23  x  100  = 10.43 %  respectively.     
 

The probability of project completion (PR) on the due date for the different scheduling 

options is estimated as: PI = 100 ï 13.04 = 86.96 %; PII  = 100 ï 11.74 = 88.26 %; and         

PIII  =100 ï 10.43 = 89.57 %. This data reduction of the case study project shows very clearly 

that the probability of project completion on the due date, PR is greatly improved with 

introduction of ALAP constraints applied to selected tasks in developing the schedule. This 

research finding emphasizes the importance of scheduling to reduce activity start variance.         

                                           
4.2      EMPIRICAL DATA ON ALAP/ASAP CONSTRAINTS   

 

The purpose of this second survey is to use actual field data to assess whether or not a 

problem exists as defined in the problem definition and if solution can be found in the way 

and manner conceived. A single case study of on-going construction project scheduled using 

the MS Project planner is presented in this section. The case study project is a 3-floor office 
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complex estimated initially to cost N6,670,071,788.78 with a revised cost of 

N7,264,574,176.45. It had initial contract duration of 2 years and a revised duration of 5 

years. The case study presents the initial baseline schedule on which the experimental 

research design is based. Plan B and Plan C are developed from the initial baseline schedule. 

Table 32 presents identified constraint types applied in the initial baseline Schedule (here 

called the óAs-Planned schedule for Plan A).  The constraint types applied to all tasks are 

identified through the following steps:  (1) Highlight the task  (2) Click on the óinformationô 

icon on the displayed dialogue box and then (3) Select óAdvanceô in the pull down menu to 

display the constraint type applied on the selected task.     

        The case study project reported in this pilot survey shows 341 tasks cells. Out of these, 

69 task cells are Summary and milestone activities leaving a total of 272 number of 

scheduled tasks. These Summary tasks, milestone tasks and scheduled tasks are shown in 

Appendixes B1, B2, B4, and B6    

            No. of activities shown in the schedule                   341 
 

             Less  
             No. of Summary and milestone tasks                      69     
            

              Total No. of scheduled Tasks                                272   
 

Table 32 shows that out of the 341 task cells, 117 activities are scheduled to occur     

As-Soon-As-Possible, (ASAP), while none is scheduled to occur As-Late-As-Possible, 

(ALAP). It is noted that 151 and 4 activities are scheduled to occur with SNET and FNET 

constraints respectively. There is actually no need to count the number of mandatory, semi-

flexible and inflexible constraint options of SNET; SNLT; FNET; FNLT; MSO; MFO, since 

the use of these is usually occasioned by certain project unique scenarios. This analysis result 

shows the achievement of the second research objective, which is, the identification of the 

level of ASAP or ALAP constraints applied yielding early and late start schedules. From this 

pilot survey aimed to identify the scope of the research problem, results show that no single 

ALAP constraint type is applied by practitioners. All the flexible constraints applied are 
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ASAP, as shown in Tables 32, 33 and 36. Tables 34, 35 and 36 show the SNET, the FNET 

and the summary of all constraint types applied respectively.      

 

4.2.1      Research Design for the Empirical Case Study      

Three baseline schedules are used to investigate the project performance effects of the 

application of ASAP and ALAP constraint options to different project tasks in developing the 

schedule. Two schedules, as-planned and as-built schedules were obtained from the 

contractor. The initial óas-plannedô schedule developed by the contractor is compared with 

the óas-builtô schedule. This initial óas-plannedô schedule is called Plan A1 in the quasi 

experiment. The second schedule, called óPlan Bô is developed from plan A1 by identifying 

eighteen ASAP activities that ought to have been scheduled to occur As-Late-As-Possible. 

These activities are: 7, 11, 66, 68, 70, 80, 90, 96, 108, 117, 122, 270, 278, 290, 304, 310, 330 

and 333. The third schedule, called óPlan C, is developed from the contractorôs initial 

baseline schedule by rescheduling thirty six initially scheduled ASAP activities to now occur 

As-Late-As-Possible. These are: activities 7, 11, 66, 68, 70, 72, 77, 80, 90, 96, 108, 112, 117, 

122, 124, 168, 225, 229, 232, 235, 251, 253, 262, 270, 275, 278, 286, 290, 292, 300, 304, 

310, 318, 330, 332, and 338.  These activities were selected from all the different stages or 

phases of the schedule so as to minimise the lump sided effects that may occur should 

changes be implemented early or late into the project as argued by Abu-Hijleh and lbbs 

(1993), Ibbs, (2005) and Ibbs et al., (1994) and discussed in section 2.1 of this thesis. Abu-

Hijleh and lbbs (1993) opines that there are three distinct stages of project progress: (1) The 

early stage (say, 0%-20%); (2) The steady-state production stage (e.g., 20%- 80%); and (3) 

The late stage (e.g., 80%-100%). These points are only approximate points of delimitation 

and are not the same for every project. The last stage (winding-down) marks the point beyond 

which management cannot meaningfully affect performance. By then most budgeted 

resources are expended and overruns are not correctable. Therefore early detection of 
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problems within the 0%-80% project completion window improves chances success of 

corrective action. Activity start variance which occurs during the steady-state production 

stage is likely to have significant cost effect on the project because at this stage significant 

cost commitment has been made on both labour, material and plant items and are even 

probably moved to site. This will significantly increase downtime cost as well as storage cost 

of materials, Abu-Hijleh and lbbs (1993). This finding by Abu-Hijleh and lbbs (1993) is a 

conclusive evidence that there may not be a straight line relationship between schedule 

variance and cost variance. This is because as demonstrated by Abu-Hijleh and lbbs (1993), 

high schedule variance which occurs during the 0%-20% project phase will likely produce 

minimal cost variance while low schedule variance experienced during the 80%-100% 

project phase will likely produce very high cost variance. Late change is more disruptive of 

project productivity than early change, all other things being equal, (Ibbs, 2005).  This 

argument is similar to the postulate of Ibbs et al., (1994) that a change implemented late in a 

project will have more unsettling impact on labour productivity than the same change 

initiated and implemented earlier on in the project. By definition therefore, Plan A is the 

contractorôs initial schedule. From the analysis, it is a strong óAs-Soon-As-Possibleô 

schedule. Plan B is developed from Plan A schedule with introduction of eighteen ALAP 

activities.  This is a weak óAs-Late-As-Possibleô schedule. Plan C is also developed from 

Plan A schedule with introduction of thirty six ALAP constraints. This is a strong óAs-Late-

As-Possibleô schedule. It is observed that Plan C has double the number of ALAP constraints 

than Plan B. These Plans B and C are the óWhat-ifô scenarios used in this experimental 

research design to investigate the project performance effects of the use or application of 

ASAP and ALAP constraint options to different project tasks in developing the project 

schedule. óWhat-ifô option X was used, how will the schedule perform in relation to when 

option Y was applied?  The activity start variances between the As-built schedule and Plan A, 
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Plan B and Plan C are calculated and shown in Appendixes B3, B5 and B7. The summary of 

these variances is presented in Appendix B8.       

     From literature, as-late-as-possible date is a restriction that uses positive float to delay an 

activity as long as possible without delaying its successor. Its purpose is to improve financing 

and resolve resource conflicts like late release of information, long-lead supply items and 

delayed submittal approval, (Hegazy and Petzold, 2003).  However as-late-as- possible date 

as pointed out by GAO, (2009), should be used with caution because using as late as possible 

schedules introduces a false level of criticality due to their effects on float consumption. This 

assertion notwithstanding it will not be appropriate to schedule all project tasks to occur as 

soon as possible. This is the philosophy behind the thinking of this thesis.   
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Table 32   
All Constraint Types Applied in Case Project 1      

SN   ID              ACTIVITY                                                          D/DAYS   CONST TYPE  

1 3. Pre-shipment Inspection for finishing/fire fighting  12 SNET  

2 4. Pre-shipment Inspection of Chillers & AHU               12  SNET  

3 5. Pre-shipment Inspection of Lift                                      6  SNET  

4 6. Pre-shipment Inspection of Transformers & Panels 6 SNET  

5 7. Shipment for finishing/fire fighting                           90 ASAP 

6 8. Shipment of electrical fittings  90 ASAP 

7 9. Shipment of Chillers & AHU                                       107 ASAP 

8 10. Shipment Inspection of Lift                                       90 ASAP 

9 11. Shipment Inspection of Transformers & Panels               90 ASAP 

10 13. Completion of the LIFT shaft                                       12 ASAP 

11 14. Completion of sub-structural work(main Building)  14 ASAP 

12 15. Completion of facial wall (main Building)               32 ASAP 

13 16. Underground diesel Tank (Generator's house)               30 SNET 

14 17. Expansion Joint Treatment(Main building)               20 ASAP 

15 18. French Drain                                                               45 ASAP 

16 19. Entrance Canopy (Main Building)                           25 ASAP 

17 22. Gate House                                                            5 SNET  

18 23. Facility mgt. Building                                                   4 SNET  

19 24. Generator House                                                               7 SNET  

20 25. Main Building                                                               30 SNET  

21 27. Gate House                                                               6 ASAP 

22 28. Facility mgt. Building                                                   5 ASAP 

23 29. Generator House                                                             8 SNET 

24 30. Main Building                                                               30 SNET 

25 33. Basement                                                                           14 ASAP 

26 34. Ground Floor                                                               48 ASAP 
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN     ID                              ACTIVITY                                      D/DAYS  CONST TYPE  
   

27 35. 1st Floor                                                                    36 ASAP 

28 36. 2nd Floor                                                                    28 ASAP  

29 38. Basement                                                                    15 ASAP  

30 39. Ground Floor                                                                    30 ASAP  

31 40. 1st Floor                                                                               20 SNET 

32 41. 2nd Floor                                                                    15 ASAP  

33 42. External Main Building                                           56 ASAP  

34 45. Delivery of Tiles (ceramic, Granite, Marble)                     5 ASAP  

35 46. Gate House                                                                    12 ASAP  

36 47. Facility mgt. Building                                                     10 ASAP  

37 48. Basement                                                                             5 SNET  

38 49. Ground Floor                                                                    85 SNET  

39 50. 1st Floor                                                                   45  SNET  

40 51. 2nd Floor                                                                    25 SNET  

41 52. Decoration of wall for Banking Hall  7 SNET  

42 54. Facility mgt. Building                                             7 ASAP 

43 55. Basement                                                                              56 SNET  

44 56. Ground floor                                                                    45 SNET  

45 57. 1st Floor                                                                   21 SNET  

46 58. 2nd Floor                                                                    14 SNET  

47 60. Delivery of Raised floor                                                       5 ASAP  

48 61. Ground Floor                                                                         14 SNET  

49 62. 1st Floor                                                                              28 SNET  

50 63. 2nd Floor                                                                    40 SNET  

51 65. Delivery of Tiles                                                                  4 ASAP  

52 66. Gate House                                                                    14 ASAP  

53 67. Facility mgt. Building                                                        10 ASAP  

54 68. Back Elevation(Main Building)                                20 ASAP  
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Table 32  CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN    ID                         ACTIVITY                                            D/DAYS    CONST TYPE  
   

55 69. Right Elevation                                              30 ASAP  

56 70. Left Elevation                                 30  ASAP  

57 71. Front Elevation                                40 ASAP  

58 72. Courtyard at Bullion Area  15 ASAP  

59 74. Delivery of Alucobond                 5 ASAP  

60 75. Gate House                                       21 ASAP  

61 76. Facility mgt. Building                 7 ASAP  

62 77. Back Elevation (Main Building)      20 ASAP  

63 78. Right Elevation                               30 ASAP  

64 79. Left Elevation                                  30 ASAP 

65 80. Front Elevation                                40 ASAP  

66 84. Delivery of Frames                                          3 SNET  

67 85. Gate House                                       5 SNET  

68 86. Facility mgt. Building                 3 SNET  

69 87. Basement                                        2 SNET  

70 88. Ground Floor                                       14 SNET  

71 89. 1st Floor                                       10 SNET  

72 90. 2nd Floor                                       5 ASAP 

73 92. Delivery of Doors                                         2 ASAP  

74 93. Basement                                                      18 SNET  

75 94. Ground Floor                                       21 SNET  

76 95. 1st Floor                                       8 SNET  

77 96. 2nd Floor                                       3 ASAP 

78 98. Fabrication                                        20 ASAP 

79 99. Ground Floor                                       21 SNET 

80 100. 1st Floor                                       8 SNET 
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Table 32  CONTD.   
All Constraint Types Applied in Case Project 1  
 

SN       ID      ACTIVITY                                                            D/DAYS    CONST TYPE  
   

81 103. Delivery of Doors                                                              4 ASAP  

82  104. Gate House                                                    8 ASAP  

83 105. Facility mgt. Building                                          5 ASAP  

84 106. Basement                                                    2 ASAP  

85 107. Ground Floor                                                                            35 FNET  

86 108. 1st Floor                                                                           15 ASAP  

87 109. 2nd Floor                                                                           10 SNET  

88 111. Delivery of Accessories                                                    3 ASAP  

89 112. Gate House                                                     3 ASAP  

90 113. Facility mgt. Building                                           2 ASAP  

91 114. Basement                                                      2 ASAP  

92 115. Ground Floor                                                       12 ASAP  

93 116. 1st Floor                                                      7 ASAP  

94 117. 2nd Floor                                                      4 ASAP  

95 119. Delivery of Frames & Glazing                                3 ASAP  

96 120. Gate House                                                      14 ASAP  

97 121. Facility mgt. Building                                           10 ASAP  

98 122. Basement                                                      2 ASAP  

99 123. Ground Floor                                                      65 ASAP  

100 124. 1st Floor                                                      45 ASAP  

101 125. 2nd Floor                                                                         42 SNET  

102 127. Fabrication                                                       84  ASAP  

103 128. Ground Floor                                                                          45 ASAP  

104 129. 1st Floor                                                       25 ASAP  

105 132. Delivery of Materials                                           2 ASAP  

106 133. Gate House                                                                          14 SNET  

107 134. Facility mgt. Building                                           10 SNET  
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN     ID                          ACTIVITY                                          D/DAYS    CONST TYPE  
   

108 135. Basement                                                      20 SNET  

109 136. Ground Floor                                  56 SNET  

110 137. 1st Floor                                 40 SNET  

111 138. 2nd Floor                                  30 SNET  

112 140. Delivery of DEKO partition                                        3 ASAP  

113 141. Facility mgt. Building                                                    7 SNET  

114 142. Basement                                 7  SNET  

115  143. Ground Floor                                 10 SNET  

116  144. 1st Floor                              18 SNET  

117 145. 2nd Floor                                28  SNET  

118 147. Delivery of partition                                                    1 ASAP  

119 148. Ground Floor                                                                7  SNET  

120 149. 1st Floor                                  5 SNET  

121 150. 2nd Floor                                 3  SNET  

122 153. Gate House                                 7  SNET  

123 154. Facility mgt. Building                                                     5 ASAP  

124 155. Basement                                  40 ASAP 

125 156. Ground Floor                                                    70  SNET  

126 157. 1st Floor                                  50 SNET 

127 158. 2nd Floor                                  30 SNET 

128 160. Gate House                                  5 SNET 

129 161. Facility mgt. Building                      4 SNET 

130 162. Basement                                  12 SNET 

131 163. Ground Floor                                  22 SNET 

132 164. 1st Floor                                   12 SNET 

133 165. 2nd Floor                                 8 SNET 

134 167. Gate House                                  3 SNET 
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN      ID             ACTIVITY                                                   D/DAYS     CONST TYPE  
   

135 168. Facility mgt. Building                                             2 ASAP  

136 169. Basement                                          14 ASAP  

137 170. Ground Floor                                                                22 SNET 

138 171. 1st Floor  12 SNET 

139 172. 2nd Floor                                                                      7 SNET 

140 176. Ground Floor  23 ASAP 

141 177. 1st Floor                            21 SNET 

142 178. 2nd Floor  15 SNET 

143 180. Ground Floor  21 SNET 

144 181. 1st Floor                                                               21 SNET 

145 182. 2nd Floor  17 SNET 

146 184. Gate House  15 SNET 

147 185. Facility mgt. Building  10 SNET 

148 186. Ground Floor                                                        65 SNET 

149 187. 1st Floor  28 SNET 

150 188. 2nd Floor  20 SNET 

151 191. Ground Floor  45 SNET 

152 192. 1st Floor                                                   22 SNET 

153 193. 2nd Floor  14 ASAP 

154 195. Delivery of materials  3 ASAP 

155 196. Gate House  14 SNET 

156 197. Facility mgt. Building  10 SNET 

157 198. Basement                                                                        21 SNET 

158 199. Ground Floor  48 SNET 

159 200. 1st Floor  30 SNET 

160 201. 2nd Floor  17 SNET 
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN       ID    ACTIVITY                                                           D/DAYS   CONST TYPE  
   

161 203. Gate House                                                                                            14 SNET 

162 204. Facility mgt. Building                         10 SNET 

163 205. Basement  21 SNET 

164 206. Ground Floor  35 SNET 

165 207. 1st Floor  20 SNET 

166 208. 2nd Floor  15 SNET 

167 210. Gate House                                                                  7 SNET 

168 211. Facility mgt. Building  7 SNET  

169 212. Basement  10 SNET  

170 213. Ground Floor  20 SNET  

171 214. 1st Floor  11 SNET  

172 215. 2nd Floor                                7 SNET 

173 217. Delivery of electrical fittings  2 ASAP 

174 218. Gate House  7 SNET 

175 219. Facility mgt. Building  7 ASAP 

176 220. Basement  14 SNET 

177 221. Ground Floor                                                                          21 SNET 

178 222. 1st Floor  18 SNET 

179 223. 2nd Floor  15 SNET 

180 225. Cabling  66 ASAP 

181 226. CCTV  42 SNET 

182 227. Door Access controls  42 SNET 

183 228. Panic Buttons                                               38 SNET 

184 229. Public Address system  38 ASAP 

185 230. BMS Configuration  55 ASAP 

186 232. Cabling  56 ASAP 

187 233. Installation of Equipment  30 SNET 

188 235. Cabling  55 SNET 
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1  
 

SN     ID                            ACTIVITY                                    D/DAYS       CONST TYPE  
   

189 236. Installation of Equipment                                  30 SNET 

190 239. Basement  15 SNET 

191 240. Ground Floor  25 SNET 

192 241. 1st Floor  42 SNET 

193 242. 2nd Floor  30 SNET 

194 244. Ground Floor  20 SNET 

195 245. 1st Floor                                                                            20 FNET 

196 246. 2nd Floor  25 FNET 

197 247. External Piping  108 SNET 

198 248. Lagging/Cladding of Chiller piping  164 FNET 

199 250. Basement  14 SNET 

200 251. Ground Floor  28 ASAP 

201 252. 1st Floor                            18 ASAP 

202 253. 2nd Floor  18 ASAP 

203 255. Installation of Chillers  10 ASAP 

204 257. Ground Floor 11 SNET 

205 258. 1st Floor  4 SNET 

206 259. 2nd Floor  3 SNET 

207 261. Gate House              10 SNET 

208 262. Facility Building  7 ASAP 

209 263. Ground Floor  62 SNET 

210 264. 1st Floor  27  SNET  

211 265. 2nd Floor  15 SNET 

212 267. Delivery of 4No Lift  10 ASAP 

213 269. Cables and Guides  28 SNET 
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Table 32   CONTD.         
All Constraint Types Applied in Case Project 1       
 

SN       ID      ACTIVITY                                                          D/DAYS    CONST TYPE  
   

  

 
 

     
 
 
 

          

214 270. Motors                                                                                         28 ASAP 

215 271. Cabin     28 ASAP 

216 273. Cables and Guides      12 SNET 

217 274. Motors           10 ASAP 

218 275. Cabin   14 ASAP 

219 277. Cables and Guides    14 SNET 

220 278. Motors                                                                   10 ASAP 

221 279. Cabin             14 ASAP 

222 282. Delivery of pipes          3 ASAP 

223 283. Basement        28 SNET 

224 284. Ground Floor    56 SNET 

225 285. 1st Floor        38 SNET 

226  286. 2nd Floor                                                                                                                           30 ASAP 

227  287. Fittings                                                                                      15 ASAP 

228 289. Gate House           1 SNET 

229 290. Facility mgt. Building        1 ASAP 

230 291. Basement  2 ASAP 

231 292. Ground Floor            5 ASAP 

232 293. 1st Floor                                                                           2 SNET 

233 294. 2nd Floor        1 SNET 

234 296. Delivery of pipes        5 ASAP 

235 297. Ground Floor         28 SNET 

236 298. 1st Floor       56 SNET 

237 299. 2nd Floor       21 SNET 

238 300. Fittings                   25 ASAP 

239 303. Ground Level Water Tanks   12 SNET 
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Table 32   CONTD.  
All Constraint Types Applied in Case Project 1       
 

SN       ID      ACTIVITY                                                            D/DAYS   CONST TYPE  
   

240 304. Roof Water Tank                      8 ASAP 

241 305. Water Treatment Plants     21 SNET 

242 306. Bore hole Installation   14 SNET 

243 307. Septic Tank & Soakaway pit   28 ASAP 

244 308. Inspection Chamber      56 ASAP 

245 310. Underground fuel dump       14 ASAP 

246 311. Fuel Tank with conveyor belt   4 ASAP 

247 312. Super Structure              36 SNET 

248 313. Pumps and Piping   30 SNET 

249 314. Electrical fittings             7 ASAP 

250 316. Extinguishers        16 SNET 

251 317. Hydrants            65 SNET 

252 318. Hosereel             44 ASAP 

253 319. Fire pumps     28 ASAP 

254 321. Flood Water Drainages                           122 SNET 

255 322. Filling& Compaction of Site(Earthworks)   84 ASAP 

256 323. Interlocking tiles for Walkway    56 SNET 

257 324. Concrete Driveways     120 SNET 

258 325. Green Areas             75 SNET 

259 327. Delivery of Transformer & Panels     16 ASAP 

260 328. Low & High Voltage Panel                     36 SNET 

261 329. Generators    7 SNET 

262 330. Transformer        10 ASAP 

263 331. External Cabling(Armoured)    40 SNET 

264 332. External LIGHTING(Poles and fittings)   61 ASAP 

265 333. PHCN Power connection      35 ASAP 
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Table 32    CONTD.              
All Constraint Types Applied in Case Project 1  
 

SN       ID      ACTIVITY                                                             D/DAYS   CONST TYPE  
   

266 335. Fence Structure (Type C)   21 ASAP 

267 336. Barbed Wire                    14 SNET  

268 337. Fence Grills and Gates          46 SNET 

269 338. Painting                                      40 ASAP 

270 339. Decorations and Furniture   20 SNET 

271 340. Test Running     7 SNET 

272 341. Completion & Handover   1 SNET 
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Table 33    CONTD.   
ASAP Constraint Types Applied in Case Project 1  
 

SN      ID      ACTIVITY                                                            D/DAYS    CONST TYPE  
   

1 7. Shipment for finishing/fire fighting                         90 ASAP 

2 8. Shipment of electrical fittings    90 ASAP 

3 9. Shipment of Chillers & AHU  107 ASAP 

4 10. Shipment Inspection of Lift     90 ASAP 

5 11. Shipment Inspection of Transformers & Panels  90 ASAP 

6 13. Completion of the LIFT shaft                 12 ASAP 

7 14. Completion of sub-structural work(main Building) 14 ASAP  

8 15. Completion of facial wall (main Building)                                                                                    32 ASAP 

9 17. Expansion Joint Treatment(Main building)   20 ASAP 

10 18. French Drain    45 ASAP 

11 19. Entrance Canopy (Main Building) 25 ASAP 

12 27. Gate House                      6 ASAP 

13 28. Facility mgt. Building      5 ASAP 

14 33. Basement       14 ASAP 

15 34. Ground Floor                     48 ASAP 

16 35. 1st Floor                       36 ASAP 

17 36. 2nd Floor                       28 ASAP 

18 38. Basement                     15 ASAP 

19 39. Ground Floor          30 ASAP 

20 41. 2nd Floor                    15 ASAP 

21 42. External Main Building            56 ASAP 

22 45. Delivery of Tiles (ceramic, Granite, Marble)     5 ASAP 

23 46. Gate House          12 ASAP 

24 47. Facility mgt. Building          10 ASAP 

25 54. Facility mgt. Building                     7 ASAP 

26 60. Delivery of Raised floor                5 ASAP 
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Table 33   CONTD.  
ASAP Constraint Types Applied in Case Project 1   
 

SN    ID      ACTIVITY                                                               D/DAYS   CONST TYPE  
   

27 65. Delivery of Tiles                          4 ASAP 

28 66. Gate House                    14 ASAP 

29 67. Facility mgt. Building               10 ASAP 

30 68. Back Elevation(Main Building)   20 ASAP 

31 69. Right Elevation                           30 ASAP 

32 70. Left Elevation                         30 ASAP 

33 71. Front Elevation                        40 ASAP 

34 72. Courtyard at Bullion Area               15 ASAP  

35 74. Delivery of Alucobond              5 ASAP  

36 75. Gate House                21 ASAP  

37 76. Facility mgt. Building         7 ASAP  

38 77. Back Elevation(Main Building)   20 ASAP  

39 78. Right Elevation                             30 ASAP  

40 79. Left Elevation                                 30 ASAP  

41 80. Front Elevation                                                                 40 ASAP  

42 90. 2nd Floor                                       5 ASAP  

43 92. Delivery of Doors                           2 ASAP  

44 96. 2nd Floor                                       3 ASAP  

45 98. Fabrication                                        20 ASAP  

46 103. Delivery of Doors                           4 ASAP  

47 104. Gate House                                                                8 ASAP  

48 105. Facility mgt. Building               5 ASAP  

49 106. Basement                                       2 ASAP  

50 108. 1st Floor                                       15 ASAP  

51 111. Delivery of Accessories               3 ASAP  

52 112. Gate House      3 ASAP  
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Table 33    CONTD.   
ASAP Constraint Types Applied in Case Project 1   
 

SN       ID      ACTIVITY                                                            D/DAYS   CONST TYPE  
   

53 113. Facility mgt. Building                                  2 ASAP  

54 114. Basement                                             2 ASAP  

55 115. Ground Floor             12 ASAP  

56 116. 1st Floor                                             7 ASAP  

57 117. 2nd Floor                                            4 ASAP  

58 119. Delivery of Frames & Glazing         3 ASAP  

59 120. Gate House             14 ASAP  

60 121. Facility mgt. Building                                            10 ASAP  

61 122. Basement                                             2 ASAP  

62 123. Ground Floor                                    65 ASAP  

63 124. 1st Floor                                             45 ASAP  

64 127. Fabrication                                              84 ASAP  

65 128. Ground Floor                                             45 ASAP  

66 129. 1st Floor                                             25 ASAP  

67 132. Delivery of Materials                                2 ASAP  

68 140. Delivery of DEKO partition                                         3 ASAP  

69 147. Delivery of partition                                1 ASAP  

70 154. Facility mgt. Building                     5 ASAP  

71 155. Basement                                             40 ASAP  

72 168. Facility mgt. Building                     2 ASAP  

73 169. Basement                                             14 ASAP  

74 176. Ground Floor                                                                    23 ASAP  

75 193. 2nd Floor                                             14 ASAP  

76 195. Delivery of materials                                 3 ASAP  

77 217. Delivery of electrical fittings                    2 ASAP  

78 219. Facility mgt. Building                    7 ASAP  
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Table 33    CONTD.   
ASAP Constraint Types Applied in Case Project 1  
 

SN       ID      ACTIVITY                                                           D/DAYS   CONST TYPE  
   

79 225. Cabling                                                                             66 ASAP  

80 229. Public Address system              38 ASAP  

81 230. BMS Configuration                          55 ASAP  

82 232. Cabling                                      56 ASAP  

83 251. Ground Floor                                      28 ASAP  

84 252. 1st Floor                                      18 ASAP  

85 253. 2nd Floor                                      18 ASAP  

86 255. Installation of Chillers                                           10 ASAP  

87 262. Facility                                      7 ASAP  

88 267. Delivery of 4No Lift                           10 ASAP  

89 270. Motors                                                  28 ASAP  

90 271. Cabin                                                  28 ASAP  

91 274. Motors                                                  10 ASAP  

92 275. Cabin                                                  14 ASAP  

93 278. Motors                                                  10 ASAP  

94 279. Cabin                                                                   14 ASAP  

95 282. Delivery of pipes                         3 ASAP  

96 286. 2nd Floor                                       30 ASAP  

97 287. Fittings                                      15 ASAP  

98 290. Facility mgt. Building                         1 ASAP  

99 291. Basement                                             2 ASAP  

100 292. Ground Floor                                                                                     5 ASAP  

101 296. Delivery of pipes                          5 ASAP  

102 300. Fittings                                      25 ASAP  

103 304. Roof Water Tank                          8 ASAP  

104 307. Septic Tank & Soakaway pit              28 ASAP  
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 Table 33   CONTD.  
ASAP Constraint Types Applied in Case Project 1  
 

SN   ID      ACTIVITY                                                               D/DAYS   CONST TYPE  
   

105 308. Inspection Chamber                                                                         56 ASAP 

106 310. Underground fuel dump                                14 ASAP  

107 311. Fuel Tank with conveyor belt                                 4 ASAP  

108 314. Electrical fittings                         7 ASAP  

109 318. Hosereel                                                        44 ASAP  

110 319. Fire pumps                                                        28 ASAP  

111 322. Filling& Compaction of Site (Earthworks)        84 ASAP  

112 327. Delivery of Transformer & Panels                               16 ASAP  

113 330. Transformer                                                        10 ASAP  

114 332. External LIGHTING (Poles and fittings)        61 ASAP  

115 333. PHCN Power connection                                35 ASAP  

116 335. Fence Structure (Type C)                                21 ASAP  

117 338. Painting                                                        40 ASAP  
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Table 34         
SNET Constraint Types Applied in Case Project 1  
  

SN     ID                           ACTIVITY                                     D/DAYS   CONST TYPE  
   

1 3. Pre-shipment Inspection for finishing/fire fighting              1 SNET 

2 4. Pre-shipment Inspection of Chillers & AHU        12 SNET  

3 5. Pre-shipment Inspection of Lift                          6 SNET  

4 6. Pre-shipment Inspection of Transformers & Panels   6 SNET  

5 16. Underground diesel Tank(Generator's house)   30 SNET  

6 22. Gate House               5 SNET  

7 23. Facility mgt. Building                                                  4 SNET  

8 24. Generator House                                7 SNET  

9 25. Main Building                      30 SNET  

10 29. Generator House             8 SNET  

11 30. Main Building        30 SNET  

12 40. 1st Floor                20 SNET  

13 48. Basement                 5 SNET  

14 49. Ground Floor                                                85 SNET  

15 50. 1st Floor              45 SNET  

16 51. 2nd Floor                               25 SNET  

17 52. Decoration of wall for Banking Hall   7 SNET  

18 55. Basement                            56 SNET  

19 56. Ground floor        45 SNET  

20 57. 1st Floor           21 SNET  

21 58. 2nd Floor                                                                  14 SNET  

22 61. Ground Floor                   14 SNET  

23 62. 1st Floor                              28 SNET  

24 63. 2nd Floor             40 SNET  

25 84. Delivery of Frames     3 SNET  

26 85. Gate House                                                        5 SNET  
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Table 34   CONTD.    
SNET Constraint Types Applied in Case Project 1  
 

SN       ID      ACTIVITY                                                        D/DAYS    CONST TYPE  
   

27 86. Facility mgt. Building                                         3 SNET  

28 87. Basement                                         2 SNET  

29 88. Ground Floor             14 SNET  

30 89. 1st Floor                   10 SNET  

31 93. Basement                        18 SNET  

32 94. Ground Floor       21 SNET  

33 95. 1st Floor                8 SNET  

34 99. Ground Floor                                                                21 SNET  

35 100. 1st  Floor                                        8 SNET  

36 109. 2nd Floor                                        10 SNET  

37 125. 2nd Floor                                        42 SNET  

38 133. Gate House                   14 SNET  

39 134. Facility mgt. Building                10 SNET  

40 135. Basement                           20 SNET  

41 136. Ground Floor                            56 SNET  

42 137. 1st Floor                                                                               40 SNET  

43 138. 2nd Floor                                        30 SNET  

44 141. Facility mgt. Building               7 SNET  

45 142. Basement                                        7 SNET  

46 143. Ground Floor                           10 SNET  

47 144. 1st Floor                                        18 SNET  

48 145. 2nd Floor                                                                     28 SNET  

49 148. Ground Floor                           7 SNET  

50 149. 1st Floor                                        5 SNET  

51 150. 2nd Floor                                        3 SNET  

52 153. Gate House                                       7 SNET  
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Table 34   CONTD.    
SNET Constraint Types Applied in Case Project 1  
 

SN    ID                             ACTIVITY                                 D/DAYS     CONST TYPE  
   

53 156. Ground Floor                                                                    70 SNET  

54 157. 1st Floor                                              50 SNET  

55 158. 2nd Floor                                  30 SNET  

56 160. Gate House                                 5 SNET  

57 161. Facility mgt. Building                     4 SNET  

58 162. Basement                                  12 SNET  

59 163. Ground Floor                                  22 SNET  

60 164. 1st Floor                                             12 SNET  

61 165. 2nd Floor                                                                             8 SNET  

62 167. Gate House                                 3 SNET  

63 170. Ground Floor                                  22 SNET  

64 171. 1st Floor                                             12 SNET  

65 172. 2nd Floor                                7 SNET  

66 177. 1st Floor                                              21 SNET  

67 178. 2nd Floor                                 15 SNET  

68 180. Ground Floor                                 21 SNET  

69 181. 1st Floor                                            21 SNET  

70 182. 2nd Floor                                  17 SNET  

71 184. Gate House                                                            15 SNET  

72 185. Facility mgt. Building                      10 SNET  

73 186. Ground Floor                                  65 SNET  

74 187. 1st Floor                                             28 SNET  

75 188. 2nd Floor                                  20 SNET  

76 191. Ground Floor                                 45 SNET  

77 192. 1st Floor                                             22 SNET  

78 196. Gate House                                 14 SNET  
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Table 34   CONTD.   
SNET Constraint Types Applied in Case Project 1    
 

SN   ID                      ACTIVITY                                          D/DAYS    CONST TYPE  
   

79 197. Facility mgt. Building                                             10 SNET  

80 198. Basement                                          21 SNET  

81 199. Ground Floor                              48 SNET  

82 200. 1st Floor                                         30 SNET  

83 201. 2nd Floor                                           17 SNET  

84 203. Gate House                                         14 SNET  

85 204. Facility mgt. Building                 10 SNET  

86 205. Basement                                             21 SNET  

87 206. Ground Floor                              35 SNET  

88 207. 1st Floor                                         20 SNET  

89 208. 2nd Floor                                                                  15 SNET  

90 210. Gate House                                         7 SNET  

91 211. Facility mgt. Building                  7 SNET  

92 212. Basement                                           10 SNET  

93 213. Ground Floor                              20 SNET  

94 214. 1st Floor                                          11 SNET  

95 215. 2nd Floor                                          7 SNET  

96 218. Gate House                                         7 SNET  

97 220. Basement                                         14 SNET 

98 221. Ground Floor                                               21 SNET  

99 222. 1st Floor                                         18 SNET  

100 223. 2nd Floor                                          15 SNET  

101 226. CCTV                                          42 SNET  

102 227. Door Access controls                  42 SNET  

103 228. Panic Buttons                              38 SNET  

104 233. Installation of Equipment      30 SNET  
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Table 34   CONTD.   
SNET Constraint Types Applied in Case Project 1  
 

  SN    ID                        ACTIVITY                                      D/DAYS   CONST TYPE  
   

105 235. Cabling                                                                                 55 SNET 

106 236. Installation of Equipment                 30 SNET  

107 239. Basement                                          15 SNET  

108 240. Ground Floor                                         25 SNET  

109 241. 1st Floor                                          42 SNET  

110 242. 2nd Floor                                          30 SNET  

111 244. Ground Floor                                          20 SNET  

112 247. External Piping                                         108 SNET  

113 250. Basement                                          14 SNET  

114 257. Ground Floor                                          11 SNET  

115 258. 1st Floor                                                                    4 SNET  

116 259. 2nd Floor                                         3 SNET  

117 261. Gate House                                         10 SNET  

118 263. Ground Floor                                          62 SNET  

119 264. 1st Floor                                          27 SNET  

120 265. 2nd Floor                                          15 SNET  

121 269. Cables and Guides                              28 SNET  

122 273. Cables and Guides                             12 SNET  

123 277. Cables and Guides                              14 SNET  

124 283. Basement                                          28 SNET  

125 284. Ground Floor                                                                        56 SNET  

126 285. 1st Floor                                          38 SNET  

127 289. Gate House                                         1 SNET  

128 293. 1st Floor                                          2 SNET  

129 294. 2nd Floor                                          1 SNET  

130 297. Ground Floor                                          28 SNET  
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Table 34   CONTD.  
SNET Constraint Types Applied in Case Project 1  
 

 SN      ID                          ACTIVITY                                D/DAYS     CONST TYPE  
   

131 298. 1st Floor                                                                                   56 SNET  

132 299. 2nd Floor                                                        21 SNET  

133 303. Ground Level Water Tanks            12 SNET  

134 305. Water Treatment Plants         21 SNET  

135 306. Bore hole Installation                      14 SNET  

136 312. Super Structure         36 SNET  

137 313. Pumps and Piping     30 SNET  

138 316. Extinguishers                             16 SNET  

139 317. Hydrants                             65 SNET  

140 321. Flood Water Drainages             122 SNET  

141 323. Interlocking tiles for Walkway                   56 SNET  

142 324. Concrete Driveways                            120 SNET  

143 325. Green Areas                                            75 SNET  

144 328. Low & High Voltage Panel           36 SNET  

145 329. Generators                   7 SNET  

146 331. External Cabling (Armoured)          40 SNET  

147 336. Concertina barbed Wire           14 SNET  

148 337. Fence Grills and Gates             46 SNET  

149 339. Decorations and Furniture    20 SNET  

150 340. Test Running                               7 SNET  

151 341. Completion & Hand/over                         1 SNET  
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Table 35      
FNET Constraint Types Applied in Case Project 1    
 

 SN      ID                         ACTIVITY                                    D/DAYS    CONST TYPE  
   

1 107. Ground Floor                                         35 FNET 

2 245. 1st Floor                         20 FNET 

3 246. 2nd Floor                               25 FNET 

4 248. Lagging/Cladding of Chiller piping      164 FNET 
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Table 36.   
Summary of all Constraint Types Applied in Case Project 1                                                                      
 

TYPE  NO  %  

ASAP 117 43.02 

ALAP NIL 0 

SNET 151 55.51 

FNET 4 1.47 

                         TOTAL  272  100  
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In reality numerous factors such as long-lead supply items, information requirement needs 

and submittal approval may call for deferring some work until the late start dates in the 

schedule to effectively resolve some or all of these constraints, (Diekman et al, 1992). A least 

commitment approach for some tasks which aims to delay decisions and actions until the 

system has enough useful information and right conditions for making them is important for 

scheduling construction projects, (Levitt and Kartam, 1989).  The case study project activities 

are divided into four quarters in the initial baseline schedule. From each of the four quarters, 

two activities initially scheduled to occur As Soon As Possible, (ASAP) are re-scheduled to 

occur As Late As Possible, (ALAP). In this way the unsettling  impact  on  labour 

productivity due different project phases or periods discussed in Ibbs  et  al.,  (1994)  have 

been accounted for in the experimental design, by all project phases. Early phase, middle or 

late phases as represented in the four quarters.          

         The activity start dates for the three óas-plannedô schedules are shown in Appendixes 

B1, B2, B4, B6. The resulting activity start variances for the different project scenarios of 

strong ASAP schedules, strong ALAP schedules, and intermediate ALAP schedules are 

measured and presented in Appendixes B3, B5, and B7. The summary of Appendixes B3, 

B5, and B7 is presented in Appendix B8. This summary shows a marked trend that activity 

start variance is much more for ASAP schedules. And that this observed variance trend tends 

to decrease with increased introduction of more ALAP constraints.  This is the achievement 

of the third objective which measured project performance metrics in terms of activity start 

variance when different scheduling options of constraints are applied. Treatment I which is a 

strong ASAP schedule has an average activity start variance of 176 Days. When treatment III 

was applied, which is as strong ALAP schedule to selected activities, the activity start 

variance dropped by more than 11% from 176 to 156 Days.  The trend shown in Table 37 

seems to be enough evidence to support a speculative supposition that increased application 

of ALAP enhances project performance measured in terms of reduced activity start variance. 
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This visual observation notwithstanding, Table 37 is rigorously tested to remove as much of 

the uncertainty (or supposition) as possible. The table shows the average of variances used in 

the ANOVA hypothesis testing.      
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      Table 37   
      ANOVA Table for one Factor Experiment of the Empirical Survey Data  
  

                                        ASV                      AFV                 (Days)        

Treatment   I  176 175 J =  175.5  

                  II  161 160      =   160.5  

                 III  156 152      =    154  

 

FOOTNOTE: This is summarized from Appendix B8 

Where 
ASV: Activity Start Variance 

 
AFV: Activity Finish Variance 
    
b: Number of Variables Considered, i.e., ASV and AFV 
 
: Within Treatment Average 
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                           Table 14  
                           Notation for ANOVA One-Factor Experiments  
                                                                                 
                                                                                                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                                                     1k,  2k, éééébk          
    
                            Source: Spiegel and Larry (2008)  
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X21, X22,éééé..X2b 
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                Table 17   

             ANOVA Analysis Table for One-Factor Experiment  

 

Sources of variation Degrees of Freedom Mean square         F Statistic 

Between treatments 

VB = b ễ(j- )2 

            J 

 

             a  - 1 

S2
B  = VB 

          a-1 

              

      FC = S2
B   ╘   S

2
W   

With a-1 and  a(b-1) 

Degrees of freedom  

     

  
Within treatments    

VW =  V - VB 

          

 

            a(b ï 1) 

S2
C = VW    

        a(b-1) 

  

     Total 

V = VB + VW  

 V = ễ (X- )2  

       Jk      

 

            ab-1 

 

           

        

 

  

 

Source: Spiegel and Larry (2008)                                                                             

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



287 
 

 

4.2.2      Hypothesis Testing: Empirical  Start Date Constraint      

Table 14 shows the notation for ANOVA one-factor representation and Table 17 shows 

ANOVA calculation Table for One-Factor Experiment. These are reproduced here to 

illustrate the formation of the research problem showing how different scheduling constraint 

options of ASAP and ALAP may yield different project performance outcomes in terms of 

activity start time variance shown in Table 14 as. X21, X22,éééé..X2b  

        The null hypothesis is reproduced here: There is no significant relationship between the 

start time constraint options and activity start/finish variance on any row j, and column k 

(Xjk).  H0b: 1k= 2k= jk. The alternative hypothesis is also reproduced as: There is a 

significant relationship between start time constraint options (treatments) and activity finish 

variance (Xjk). H1b: 1kÍ 2k Í jk.  Applying the formulae illustrated in Table 17,   óBetween 

treatmentô and óWithin treatmentô Sources of variation are estimated as VB and VW  as 

illustrated in Table 17.       
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Table 37    

ANOVA Table for one Factor Experiment of the Empirical Survey Data                                                        

  

                                        ASV                      AFV                 (Days)        

  Treatment   I                 176                         175                                              J =  175.5                       

                     II                 161                        160                                                   =   160.5  

                     III                156                        152                                                  =    154                           

FOOTNOTE: ANOVA showing different treatments of constraint options and observed activity start 
and activity finish variance. Where:  ASV: Activity start variance, AFV: Activity finish variance, b: 
number of variables considered and J: within treatment average. between treatment average is  
shown as column mean  in Table 37 (a)      
 

Table 37 (a)  
ANOVA Table for One-Factor Experiment for Empirical Survey Data showing Row Total  

 

        Factor            

Treat                  

 

    ASV 

 

     AFV 

 

  Row total 

 

Row mean 

Treatment   1        25        24         49        24.5  

                  2        10         9        19    9.5     

                  3        5         1        6    3 

Column total        40         34 Grand total  = 74 

Column mean     13.33   11.33 Grand mean = 12.33 

  
 FOOTNOTE: Table 37(a) is obtained by subtracting 151 from each of the ASV and AFV 

terms in Table 37 and calculating the Column total, Column mean, Row total and the Row 
mean. The purpose of subtracting the 151 is to simplify the arithmetic, working with smaller 
figures.   
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Between treatment variation                    

VB = bễ(j- )2 

           J   

Within treatment variation 

VW = V - VB   

  

Total variation    

V = ễ(Xj- )
2
 

        J  

  = ễXjk = mean for all entries   = 25 + 24  + 10 + 9 + 5 + 1  =  74 / 6 = 12.33    

         N  
 

VB  = 2[(24.5 ï 12.33)2 + (12.33 ï 9.5)2  + (12.33 ï 3)2]   
       = 2 [(12.17)2 + (2.83)2  + (9.33)2] = 2 [148.11 + 8.01 + 87.05] = 2 [243.17]  =  486.34 
 

V = [(25 ï 12.33)2 + (24 ï 12.33)2 + (12.33 ï 10)2 + (12.33 ï 9)2 + (12.33 - 5)2  
          + (12.33 ς 1)2]  = [(12.67)2 + (11.67)2 + (2.33)2 + (3.33)2 + (7.33)2 + (11.33)]  

                               = [160.53 + 136.19  + 5.43 + 11.09 + 53.73 + 128.37] = 495.34 
 
VW = V - VB  = 495.34 ï 486.34  =  9     

     
S2

B  = VB   =   486.34       =   243.17   

          a-1            2 
 
S2

W  = VW    =  9    =    3 

         a(b-1)      3             
 

 FCAL = S2
B   =   243.17   =   81.05              

            S2
W             3  

With denominator degree of freedom V2, a (b-1)   = 3(2-1) = 3 and Numerator  degree of 

freedom, V1, (a-1) = (3-1)   = 2,  FTAB  is read from Table as: 
  FTAB = 30.8   Obtained from table at 1 % level of significance 

            = 9.55            ,,         ,,      ,,       5 %    ,,             ,,  
  

4.2.3    Discussion of Results of the Empirical óWhat-Ifô Case Study    

The decision rule in ANOVA is simple. It has been discussed elaborately in sections 3.6.2 

and 4.1.3.  From the above analysis FCAL = 81.05 and FTAB = 30.8 and 9.55 at 1% and 5 % 

levels of significance respectively. Since FCAL is significantly larger than 1, and it is greater 

than FTAB, (FCAL  ι FTAB), we can reject the null hypothesis H0, that there is no significant 

difference between the means and thus we can conclude that at the stated level of 

significance, the difference in activity start date is indeed strongly correlated to the constraint 

type applied in developing the baseline schedule. The trend in Table 37 has not occurred by 
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chance. Therefore it can be concluded that treatment III (Late start schedules) is a much more 

level headed and desirable schedule with reduced activity start variability which is shown to 

enhance schedule performance that events are likely to occur as planned.                                                                                                                                           

        This result shows the achievement of the third research objective which sought to test 

the hypothesized causal relationship or reasons for multivariate relationship of start date 

constraint and key performance indicators measured in terms of activity start variance. 

Though more field data is needed to validate this supposition, this research can at this stage 

assert that if the probability of project completion on the due date is inductively defined as: 

PR = 100 % - % VAR.  Where % VAR = % activity start variance. A reduction of % VAR to 

ZERO would mean 100 % probability of project completion on the due date. This is 

desirable. If there is however a high % VAR, e.g, 75% VAR, then, the probability of project 

completion on the due date is only 25%.  And if there could be as low as 25% VAR, then the 

PR can be as high as 75%.   From Table 3 the average of VARI, VARII , VARIII = 175.5, 

160.5, & 154 respectively. Therefore the % VAR for the different three scheduling treatment 

options of strong ASAP schedules; intermediate ALAP schedules and strong ALAP 

schedules are:   

                       % VARI = 175.5/ 272 x 100 = 65 %      

                       %VARII  = 160.5 / 272 x 100 = 59 % and  

                       % VARIII  = 154/ 272 x 100   = 57 %   

The probability of project completion (PR) on the due date for the different constraint options 

is now estimated as: PI  = 100 ï 65= 35%; PII  = 100 ï 59 = 41%; and PIII  =100 ï 57 = 43%. 

Since application of 18 ALAP tasks improved the probability of project completion on the 

due date by 41 ï 35 = 6%. And by applying 36 ALAP tasks, probability of project 

completion improved by 43 ï 35 = 8%, we can deductively conclude that:  
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            % VAR        ASAP                                                   equation 5    and 

 

            % VAR           1                                                        equation 6   

                                        ALAP 

 

Putting equations 5 and 6 into the earlier defined probability of project completion function:   

       

            PR = 100 ï VAR %                                                     equation 4            

 
The effectiveness of any schedule can now be evaluated by assessing the relationship 

between the numbers of ASAP and ALAP tasks. As ALAP tasks increases, the %VAR 

decreases and as ALAP tasks decreases the %VAR increases and the effect of these decreases 

and increases in %VAR in equation 4 is improved probability of project completion in the 

case of decreased %VAR and reduced probability of project completion in the case of 

increased %VAR. Vividly:  

                (i)  0% of ALAP tasks yielded 65% of %VAR producing a 35% of PR  

                (ii) 7% of ALAP tasks yielded 59% of %VAR producing a 41% of PR and  

                (iii) 13% of ALAP tasks yielded 57% of %VAR producing a 43% of PR                                                                                                                                           

This data reduction of the case study project shows very clearly that the probability of project 

completion on the due date, PR is significantly improved with application of ALAP 

constraints to selected tasks in developing the baseline schedule. These results emphasize the 

importance of scheduling to reduce activity start variance by the appropriate application of 

different constraint options.     

                                        

4.3      IMPLICATIONS OF FINDINGS FOR  PRACTICE AND FUTURE RESEARCH            

The extent to which early start schedule is or is not a practical and effective scheduling 

option being in question is confirmed in this research. A significant relationship between start 
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date constraint options (treatments) and activity start/finish variance is shown very clearly in 

the study. Therefore building and civil engineering contractor should schedule some project 

activities as late as possible while others which meet the criteria discussed in Efole, (2009) 

are scheduled to occur as soon as possible. Actual occurrences of events will better properly 

align in desired planned order when some tasks, depending on their specific attributes like 

needing information request and information release, submittal approval and long lead supply 

items are scheduled to occur as late as possible. If this rule is followed as demonstrated in 

this research project events are likely to occur as planned which ensures more schedule 

reliability and schedule effectiveness if events occur as planned. The software developers 

(Microsoft and Primavera) should extend some features like the new schedule alert tool and 

the new task inspector tool in the software architecture to assist users make appropriate 

choice of ALAP and ASAP constraint in different project scenarios.   

 

4.4        RESEARCH SELF ASSESSMENT AND THE REMAINING WORK  

All the research objectives have been addressed and this progress report shows how 

substantial findings have been achieved. The first objective which attempts to make a state of 

the arts review of contextual literature identified and justified the research problem. It is clear 

from the literature that there is gap in knowledge as well as a gap in practice regarding the 

right choice of start date constraints in different project scenarios in the Microsoft Project 

Planner software. And this is well captured in paragraph 2.12. Also paragraphs 4.1.1 and 

4.2.2 addressed the second and third objectives respectively. Results presented in Table 36 

shows the distribution of the constraints applied. This finding is largely in agreement with 

literature that most practitioners apply only as soon as possible constraints which may not 

produce the best project outcome in every project scenario. The development of a framework 

to evaluate and compare the effectiveness between ALAP and ASAP has also been achieved 
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and is presented in paragraph 4.2. This simple procedural framework inductively derived 

shows that:     

            % VAR        ASAP                                                   equation 5    

            % VAR           1                                                         equation 6  

                                        ALAP 

This evaluation framework shows that application of ASAP constraints is directly 

proportional to the activity start variance and that application of ALAP constraint is inversely 

proportional to the activity start variance that may likely occur.  Following this outstanding 

salient research findings a proposal is being drawn to be sent to both the Microsoft 

incorporated and the Primavera project planner developers to help incorporate these findings 

in these pieces of scheduling software to improve their operation and usefulness.  
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Appendix A1   Joseph Priestleyôs Chart of Biography 

 

Source: Weaver, (2006)  
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Appendix A2 Joseph Priestley: A New Chart of History  
 

 

Source: Weaver, (2006)   
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Appendix A3  List of Common Abbreviations and Acronyms used in the Thesis    

AACE: Association for the Advancement of Cost Engineers 

AGC: American General Contractors  

ANSI: American National Standards Institute   

ASCE: American Society of Civil Engineers 

Baseline Plan A(1): Contractorôs Initial As-Planned Schedule 

Baseline Plan B18(1): As-Planned Schedule in which 18 ALAP Activities are introduced   

Baseline Plan C36(1): As-Planned Schedule in which 36 ALAP Activities are introduced  

CMAA: Construction Management Association of America  

CONST TYPE: Constraint Type  

CPI: Cost Performance Index  

CPM: Critical Path Method.    

CPR: Contract Performance Report  

C/SCSC: Cost/Schedule and Control System Criteria  

CURT: Construction Users Roundtable  

DCAA: Defense Contract Audit Agency  

DCMA: Defense Contract Management Agency  

D/DAYS: Duration in Days  

DOD: Department of Defense  

DV/DAYS: Duration Variation in Days 

ENR: Engineering News Record  

EVM: Earned Value Management  

FINISH VAR: Activity Finish Variance 

GAO: Government Accountability Office  

GASP: Generally Accepted Scheduling Principles   

ID: Activity Identity number on the MS Project schedule 

IMS: Integrated Master Schedule  

IPA:  Independent Project Analysis  

  

  

Source: Various literature sources 
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Appendix A3 CONTD. 

List of Common Abbreviations and Acronyms used in the Thesis Contd.  

  

NDIA: National Defense Industrial Association   

PMBOK: Project Management Body of Knowledge 

PMI: Project Management Institute  

PMICOS: Project Management Institute College of Scheduling  

PREC/REL.TYPE: Precedence Relationship Type  

SPI: Schedule Performance Index              

START  -   FINISH: Activity Start and Finish Date 

START   VAR: Activity Start Variance  

TCPI: To Complete Performance Index  

UFGS:  Unified Facilities Guide Specification for Network Analysis Systems  

WBS: Work Breakdown Structure  

 XD 27-14 = 13: Duration Variance in which 14 and 27 are planned and actual durations     

 XD 20-36 = -16: Duration Variance in which 36 and 20 are planned and actual durations   

 48 ve: A negative Activity Start variance in which the planned activity starts 48 days earlier   
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Appendix A4 Actual, Baseline and Variance Time per Task in the Task View of MS Project    
 

Task ID                                                                       Actual Start  Actual Finish  Baseline Start  Baseline Finish  Start Variance   Finish Variance  

1                                                                                              MON 4/6/15  THU 12/24/15  MON 4/6/15  THU 11/26/15  0  Days  20 Days  

15                                                                                               MON 4/13/15  THU 8/6/15  MON 4/13/15  MON 7/6/15  0  Days  23 Days  

21                                                                                               MON 4/6/15  TUE 5/26/15  MON 4/6/15  MON 5/25/15  0  Days  2 Days  

22                                                                                                 WED 5/27/15  MON 7/6/15  MON 5/25/15  FRI 7/3/15  2 Days  1 Days  

23                                                                                                WED 5/27/15  TUE 6/2/15  MON 5/25/15  MON 6/1/15  2 Days  1 Days  

24                                                                                                WED 6/3/15  WED 6/17/15  MON 6/1/15  TUE 6/16/15  2 Days  1 Days  

25                                                                                                WED 6/17/15  WED 7/1/15  TUE 6/16/15  TUE 6/30/15  1 Days  1 Days  

26                                                                                                    MON 6/29/15  MON 7/6/15  FRI 6/26/15  FRI 7/3/15  1 Days  1 Days  

27                                                                                                        MON 7/6/15  MON 7/6/15  FRI 7/3/15  FRI 7/3/15  1 Days  1 Days  

28                                                                                                  MON 7/6/15  FRI 10/23/15  FRI 7/3/15  WED 9/23/15  1 Days  22 Days  

29                                                                                                    MON 7/6/15  MON 7/27/15  FRI 7/3/15  FRI 7/24/15  1 Days  1 Days  

30                                                                                                    MON 7/6/15  WED 7/29/15  FRI 7/3/15  FRI 7/24/15  1 Days  3 Days  

31                                                                                                      THU 7/30/15  FRI 10/9/15  FRI 7/24/15  FRI 9/4/15  3 Days  25 Days  

32                                                                                                      THU 7/30/15  FRI 8/28/15  FRI 7/24/15  FRI 8/7/15  3 Days  15 Days  

35                                                                                                   MON 8/31/15  FRI 9/25/15  FRI 8/7/15  FRI 8/21/15  15 Days  23 Days  

 

                                Source: Carl and Timothy, (2013)   
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Appendix A5  Actual, Baseline and Variance Cost per Task in the Task View in MS Project   
 

 

Task ID                                                                                                               

 

Total Cost  

Baseline Cost  

at Data Date  

Actual Cost  

at Data Date  

 

Variance  

 

Remaining Cost  

1                                                                                                                                                                           XT1  XB1  XA1  XV1  XR1  

15                                                                                                                                                                   XT15  XB15  XA15  XV15  XR15  

21                                                                                                                                                                   XT21  XB21  XA21  XV21  XR21  

22                                                                                                                                                                   XT22  XB22  XA22  XV22  XR22  

23                                                                                                                                                                   XT23  XB23  XA23  XV23  XR23  

24                                                                                                                                                                   XT24  XB24  XA24  XV24  XR24  

25                                                                                                                                                                   XT25  XB25  XA25  XV25  XR25  

26                                                                                                                                                                   XT26  XB26  XA26  XV26  XR26  

27         DUMMY                                                                                                                                                  0.00  0.00  0.00  0.00  0.00  

28                                                                                                                                                                   XT28  XB28  XA28  XV28  XR28  

29                                                                                                                                                                   XT29  XB29  XA29  XV29  XR29  

30                                                                                                                                                                   XT30  XB30  XA30  XV30  XR30  

31                                                                                                                                                                   XT31  XB31  XA31  XV31  XR31  

32                                                                                                                                                                   XT32  XB32  XA32  XV32  XR32  

35                                                                                                                                                                   XT35  XB35  XA35  XV35  XR35  

 
                     Source: Carl and Timothy, (2013) 
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Appendix A6     
F Statistic at 1% Level of Significance    
 

  
 
Source: Spiegel and Larry (2008)   
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Appendix A7   
F Statistic at 5% Level of Significance 
 

 
 
 

Source: Spiegel and Larry (2008)                 
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APPENDIX A8   

A TYPICAL SCHEDULE ASSESSMENT AND EVALUATION REPORTS  

Project Name: A 

General Information 

Project duration = 1004 days 

Total number of activities = 141 

Total number of critical activities = 41 

Maximum suggested activity duration = 90 Days 

Total number of activities with out of range duration = 24 

Maximum suggested critical activity duration = 30 Days 

Total number of critical activities with excessive duration = 18 

Total number of constraints = 2 

Total number of relationships = 244 

Relationship per activity = 1.73 

Number of open ended activities = 3 

Standard deviation of activities duration = 41 

Criticality rate (duration of activities) = 14% 

Criticality rate (number of activities) = 29% 

Near criticality rate = 4% 

Total number of activities with excessive total float = 47 

Total number of activities with negative total float = 0 

This schedule is not loaded with resources 

This schedule is not loaded with cost  
 
  

Source. Moosavi, (2012).  

 

 

 

 

 



328 
 

 

Appendix A9   
A Conceptual Framework for Effective Construction Scheduling  

WBS

Assess Activity and tasks Attributes

Start

Does task require materials and components which

are long-lead supply items?

Does task require approval of shop drawings,

components and materials? --owner directed tasks

DEF. CAT D TASK

Apply late start schedule

Define a resource or task calendar

   different from normal company

                  calendar

Least commitment contingency plans

Stop

DEF. CAT A

TASK

Apply early start

schedule or as

soon as possible

Apply companyôs

normal standard

project calendar

DEF. CAT C

TASK

Apply early start

schedule or as

soon as

possible

DEF. CAT B

TASK

Apply early

start schedule

or as soon as

possible

NO

YES

YES

YES

NO

NO

Apply companyôs

normal project

calendar

Does task require further information from design

team and depends on detailed sub-soil and site

investigation?

LEGEND

DEF-Define

CAT-Category

  
Source: Adapted from Efole, (2009).   
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Appendix B1           
óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   

 
S/N                          ACTIVITY                                                            D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

1. Completion of the Project     

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing/ fire fighting                      12  Thu 08/08/13 Thu 22/08/13   SNET  

4. Pre-shipment Inspection of Chillers & AHU                   12  Tue 12/11/13 Tue 26/11/13   SNET  

5. Pre-shipment Inspection of Lift                                              6  Sat 21/09/13 Sat 28/09/13   SNET  

6. Pre-shipment Inspection of Transformers & Panels        6         Fri 01/11/13 Fri 08/11/13   SNET  

7. Shipment for finishing / fire fighting                             90  Thu 22/08/13 Thu 12/12/13  3  ASAP  

8. Shipment of electrical fittings                                        90  Thu 22/08/13 Thu 12/12/13  7SS  ASAP  

9. Shipment of Chillers & AHU                                        107  Tue 26/11/13 Tue 08/04/14  4 ASAP  

10. Shipment Inspection of Lift                                       90  Sat 28/09/13 Sat 18/01/14  5 ASAP  

11. Shipment Inspection of Transformers & Panels                  90  Fri 08/11/13 Fri 28/02/14  6 ASAP  

12. Completion of Structural Works      

13. Completion of the LIFT shaft                                       12  Wed 07/08/13 Wed 21/08/13   ASAP  

14. Completion of sub-structural work(main Building)       14  Wed 07/08/13 Fri 23/08/13   ASAP  

15. Completion of facial wall (main Building)                 32  Wed 07/08/13 Mon 16/09/13   ASAP    

16. Underground diesel Tank(Generator's house)                 30  Wed 28/08/13 Thu 03/10/13   SNET  

17. Expansion Joint Treatment(Main building)                  20 Thu 10/10/13 Mon 04/11/13  36 ASAP  
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                   Appendix B1  CONTD.  
                   óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   

 
S/N                       ACTIVITY                                                                D/DAYS          START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

18.  French Drain  45  Tue 04/02/14 Tue 01/04/14  69FS-15 days  ASAP  

19. Entrance Canopy (Main Building)                  25  Mon 07/04/14 Wed 07/05/14  18FS+4 days  ASAP  

20. Roofing Works      

21. Screeded bed for Waterproofing     

22. Gate House                                                 5  Mon 04/11/13 Mon 11/11/13  15FS+2 days,17  SNET  

23. Facility mgt. Building                       4  Wed 13/11/13 Mon 18/11/13  22FS+2 days  SNET  

24. Generator House                                                  7  Wed 20/11/13 Thu 28/11/13  23FS+2 days  SNET  

25. Main Building                                                  30  Fri 29/11/13 Mon 06/01/14  24 SNET  

26. Installation of Waterproofing (Felting)      

27. Gate House                                                  6  Thu 23/01/14 Thu 30/01/14  25FS+14 days  ASAP  

28. Facility mgt. Building                                     5  Fri 31/01/14 Thu 06/02/14  27FS+1 day  ASAP  

29. Generator House                                              8  Wed 12/02/14  Fri 21/02/14  28FS+4 days,24  SNET  

30. Main Building                                              30  Mon 24/02/14  Wed 02/04/14  29FS+2 days  SNET  

31. Finish Works       

32. Partition Blocks     

33. Basement                                                              14  Wed 07/08/13  Fri 23/08/13   ASAP  

34. Ground Floor                                                  48  Wed 07/08/13  Fri 04/10/13   ASAP  
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                Appendix B1    CONTD.  
               óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                 ACTIVITY                                                                         D/DAYS     START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

35. 1st Floor                                                                      36  Wed 07/08/13  Fri 20/09/13   ASAP  

36. 2nd Floor                                                             28  Thu 05/09/13 Thu 10/10/13  35FS-12 days  ASAP  

37. Rendering (Wall & Soffit)                                                                                   

38. Basement  15  Wed 07/08/13 Mon 26/08/13   ASAP  

39. Ground Floor                                                          30  Sat 05/10/13 Tue 12/11/13  34 ASAP  

40. 1st Floor                                                                                     20  Fri 20/09/13 Tue 15/10/13  35 SNET  

41. 2nd Floor                                                                         15  Tue 15/10/13 Sat 02/11/13  40 ASAP 

42. External Main Building                                   56  Mon 04/11/13 Mon 13/01/14  36FS-12 days,17  ASAP  

43. Wall & Floor Tiling       

44. Internal Floor & Walls      

45. Delivery of Tiles (ceramic,Granite,Marble          5  Thu 12/12/13 Thu 19/12/13  3FS+60 days,7  ASAP  

46. Gate House                                                                          12 Thu 19/12/13 Thu 02/01/14  45 ASAP  

47. Facility mgt. Building                                                        10  Thu 19/12/13 Tue 31/12/13  46SS  ASAP  

48. Basement                                                       5  Thu 02/01/14 Thu 09/01/14  47FS+2 days,38  SNET  

49. Ground Floor                                                                    85  Thu 02/01/14 Fri 18/04/14  46,176,39  SNET  

50. 1st Floor                                                            45  Tue 25/03/14 Tue 20/05/14  49FS-20 days  SNET  

51. 2nd Floor                                                           25  Wed 07/05/14 Sat 07/06/14  50FS-10 days  SNET  
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                  Appendix B1  CONTD.  
                  óAs-Plannedô Schedule for Baseline Plan A(1)  of Case Project 1  

 
S/N                       ACTIVITY                                                                      D/DAYS     START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

52. Decoration of wall for Banking Hall                           7  Fri 05/09/14 Sat 13/09/14   SNET  

53. BASF MASTERTOP Epoxy Resin flooring     

54. Facility mgt. Building                                                                7  Wed 07/08/13 Thu 15/08/13   ASAP  

55. Basement                                                                      56 Mon 04/11/13 Mon 13/01/14  17 SNET  

56. Ground floor                                                                                                                                             45  Wed 25/12/13 Wed 19/02/14  17,55FS-15days  SNET  

57. 1st Floor                                                                       21  Thu 06/02/14 Wed 05/03/14  56FS-10 days  SNET  

58. 2nd Floor                                                                       14  Mon 03/03/14 Wed 19/03/14  57FS-2 days  SNET  

59. Raised Floor Panels     

60. Delivery of Raised floor                                                5  Thu 12/12/13 Thu 19/12/13  7 ASAP  

61. Ground Floor                                                           14  Thu 19/06/14 Mon 07/07/14  60,136  SNET  

62. 1st Floor                                                                         28  Tue 08/07/14 Mon 11/08/14  61,60,137  SNET  

63. 2nd Floor                                                                 40  Thu 17/07/14 Thu 04/09/14  62FS-20 days  SNET   

64. External wall Tilling      

65. Delivery of Tiles                                                             4  Thu 12/12/13 Wed 18/12/13  7 ASAP  

66. Gate House                                                             14  Wed 18/12/13 Fri 03/01/14  65 ASAP  

67. Facility mgt. Building                                                              10  Fri 03/01/14 Thu 16/01/14  66 ASAP  

68. Back Elevation(Main Building)  20  Fri 03/01/14 Wed 29/01/14  67SS,42FS-25 days  ASAP  
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                    Appendix B1  CONTD.  
                  óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   

 
S/N                  ACTIVITY                                                                           D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

69.  Right Elevation                                                                                                                                                     30       Thu 16/01/14 Sat 22/02/14  67 ASAP  

70. Left Elevation  30       Wed 29/01/14 Fri 07/03/14  68 ASAP  

71. Front Elevation                                                                                       40       Sat 22/02/14 Mon 14/04/14           69 ASAP  

72. Courtyard at Bullion Area  15       Fri 07/03/14 Wed 26/03/14  70 ASAP  

73. External Alucobond     

74. Delivery of Alucobond                                              5         Thu 12/12/13 Thu 19/12/13       7 ASAP  

75. Gate House  21       Sat 11/01/14 Thu 06/02/14  74,27FS-15 days  ASAP  

76. Facility mgt. Building                                                                     7         Sat 11/01/14 Mon 20/01/14                  75SS  ASAP  

77. Back Elevation (Main Building)  20       Thu 06/02/14 Tue 04/03/14      75  ASAP   

78. Right Elevation                                                                                                     30       Tue 21/01/14 Wed 26/02/14      76 ASAP  

79. Left Elevation  30       Tue 04/03/14 Thu 10/04/14        77 ASAP  

80. Front Elevation                                      40       Wed 26/02/14 Thu 17/04/14             78 ASAP  

81.    

82. Doors & Windows     

83. Doors & Windows Sub-Frames     

84. Delivery of Frames                                                                                                   3        Thu 12/12/13 Tue 17/12/13                      7 SNET  

85. Gate House  5        Tue 17/12/13 Mon 23/12/13  84 SNET                               
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                  Appendix B1 
                óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                       ACTIVITY                                                           D/DAYS            START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

86. Facility mgt. Building                                                         3      Tue 17/12/13   Fri 20/12/13  84 SNET  

87. Basement                                                                           2      Tue 17/12/13   Thu 19/12/13  33,84  SNET  

88. Ground Floor                                                              14    Tue 17/12/13   Thu 02/01/14  87SS  SNET  

89. 1st Floor                                                                  10    Tue 17/12/13   Sat 28/12/13  35,84  SNET  

90. 2nd Floor                                                                         5      Sat 28/12/13    Fri 03/01/14  89,36  ASAP  

91. Chubb Doors & metal Gates     

92. Delivery of Doors                                                                                                    2      Wed 07/08/13   Thu 08/08/13   ASAP  

93. Basement                                                                          18    Mon 13/01/14 Tue 04/02/14       55 SNET  

94. Ground Floor                                                             21    Mon 13/01/14 Fri 07/02/14  93SS  SNET  

95. 1st Floor                                                                        8      Fri 07/02/14   Tue 18/02/14  94  SNET  

96. 2nd Floor                                                                          3      Tue 18/02/14   Fri 21/02/14  95 ASAP  

97. Metal grill Gates     

98. Fabrication                                                              20    Thu 12/12/13    Tue 07/01/14  7  ASAP  

99. Ground Floor                                                            21    Mon 13/01/14 Fri 07/02/14        55  SNET  

100.  1st Floor                                                                                                            8      Fri 07/02/14 Tue 18/02/14   99  SNET  

101.     
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                 Appendix B1     CONTD.  
                óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1               

 
S/N                                        ACTIVITY                            D/DAYS                                                              START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

102. Wooden Flush & Aluminium Door     

103. Delivery of Doors                                                      4 Thu 12/12/13  Wed 18/12/13  7 ASAP  

104. Gate House                                                                      8  Thu 02/01/14  Mon 13/01/14  46  ASAP  

105. Facility mgt. Building                                                           5 Tue 31/12/13  Tue 07/01/14  47  ASAP  

106. Basement                                                                                  2  Thu 09/01/14  Sat 11/01/14  48  ASAP  

107. Ground Floor                                                                      35  Tue 08/07/14  Wed 20/08/14  49,61  FNET  

108. 1st Floor                                                                                15  Mon 11/08/14   Fri 29/08/14  50,62  ASAP  

109. 2nd Floor                                                                                10  Fri 05/09/14  Wed 17/09/14  51,63  SNET  

110. Ironmongery     

111. Delivery of Accessories                                                          3  Thu 12/12/13  Tue 17/12/13  7  ASAP  

112. Gate House                                                                      3  Tue 14/01/14  Fri 17/01/14  104FS+1 day  ASAP  

113. Facility mgt. Building                                                          2  Tue 07/01/14  Thu 09/01/14  105  ASAP  

114. Basement                                                                                    2  Wed 07/08/13  Thu 08/08/13   ASAP  

115. Ground Floor                                                                     12  Tue 08/07/14  Tue 22/07/14  107SS  ASAP  

116. 1st Floor                                                                                  7  Mon 11/08/14  Wed 20/08/14  108SS  ASAP  

117. 2nd Floor                                                                                   4                                            Wed 17/09/14  Tue 23/09/14  109  ASAP  
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               Appendix B1     CONTD.    
               óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1     

                        
S/N                 ACTIVITY                                                                          D/DAYS        START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

118.  Aluminium Windows/Cutting wall      

119. Delivery of Frames & Glazing                                                3  Thu 12/12/13 Tue 17/12/13  7 ASAP  

120. Gate House                                                                        14  Tue 17/12/13 Thu 02/01/14  119  ASAP  

121. Facility mgt. Building                                                         10  Tue 17/12/13 Sat 28/12/13  120SS  ASAP  

122. Basement                                                                       2  Sat 28/12/13 Tue 31/12/13  121,38  ASAP  

123. Ground Floor                                                                        65  Tue 31/12/13 Fri 21/03/14  122,39  ASAP  

124. 1st Floor                                                                                    45  Sat 22/03/14 Fri 16/05/14  123,40  ASAP  

125. 2nd Floor                                                             42  Sat 17/05/14 Tue 08/07/14  124,41  SNET  

126. Steel Burglar Proofing     

127. Fabrication                                                                         84  Thu 12/12/13 Thu 27/03/14  7 ASAP  

128. Ground Floor                                                                       45  Thu 27/03/14 Thu 22/05/14  123FS-25 days,127  ASAP  

129. 1st Floor                                                                                  25  Mon 12/05/14 Wed 11/06/14  124FS-5 days  ASAP  

130.     

131. Suspended Ceiling                                                                        

132. Delivery of Materials  2  Thu 12/12/13 Mon 16/12/13  7 ASAP  

133. Gate House                                                                        14  Thu 02/01/14 Mon 20/01/14  132,196  SNET  

134. Facility mgt. Building                                                         10  Wed 15/01/14 Tue 28/01/14  133SS,197  SNET  
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                   Appendix B1   CONTD.                       
                 óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1    

 

S/N         ACTIVITY                                                                                           D/DAYS    START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

135. Basement                                                  20  Tue 11/02/14  Fri 07/03/14  134,38,239,198,283  SNET  

136. Ground Floor                                                      56  Fri 11/04/14  Thu 19/06/14  135SS+18 days,240,245,199,284  SNET  

137. 1st Floor                                                                  40  Mon 19/05/14  Mon 07/07/14  136SS,241,246,200,285  SNET  

138. 2nd Floor                                                           30  Tue 24/06/14   Thu 31/07/14  137SS,242,247,201,286  SNET  

139. Aluminium Partitions      

140. Delivery of DEKO partition                                              3        Thu 12/12/13 Tue 17/12/13  7 ASAP  

141. Facility mgt. Building                                          7        Tue 28/01/14 Wed 05/02/14  140,134  SNET  

142. Basement                                                  7  Fri 07/03/14 Sat 15/03/14  135,48  SNET  

143. Ground Floor                                                      10  Tue 08/07/14 Sat 19/07/14  142,49,61  SNET  

144. 1st Floor                                                                     18  Mon 11/08/14  Tue 02/09/14  143,50,62  SNET  

145. 2nd Floor                                                    28  Fri 05/09/14  Thu 09/10/14  144,51,63  SNET  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition                                                              1  Thu 12/12/13  Fri 13/12/13  7 ASAP  

148. Ground Floor                                                               7  Wed 24/09/14  Thu 02/10/14  147,188  SNET  

149. 1st Floor                                                                                                   5  Wed 24/09/14   Tue 30/09/14  148SS  SNET   

150. 2nd Floor                                                              3  Wed 24/09/14   Sat 27/09/14  149SS  SNET  
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               Appendix B1           CONTD.            

              óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1      
 

S/N              ACTIVITY                                                                    D/DAYS     START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

151. Painting (Wall & Soffit)      

152. Priming of the surface     

153. Gate House                                                                     7  Tue 21/01/14 Wed 29/01/14  133  SNET  

154. Facility mgt. Building                                        5  Tue 28/01/14 Mon 03/02/14  134  ASAP  

155. Basement                                          40  Fri 07/03/14 Fri 25/04/14  135  ASAP  

156. Ground Floor                                                   70  Thu 19/06/14 Mon 15/09/14  136  SNET  

157. 1st Floor                                                                                             50  Tue 08/07/14 Mon 08/09/14  137  SNET  

158. 2nd Floor                                                     30       Thu 31/07/14 Fri 05/09/14  138  SNET  

159. First Layer     

160. Gate House  5  Mon 13/01/14 Sat 18/01/14  104,120  SNET  

161. Facility mgt. Building                                      4  Tue 07/01/14 Sat 11/01/14  105,121  SNET  

162. Basement  12.5  Fri 25/04/14 Mon 12/05/14  106,155,122  SNET  

163. Ground Floor  22  Mon 15/09/14 Mon 13/10/14  107,156,128  SNET  

164. 1st Floor                                                                                                12 Mon 08/09/14 Tue 23/09/14  108,157,129  SNET  

165. 2nd Floor  8  Wed 17/09/14 Sat 27/09/14  109,158,125  SNET  

166. Second Layer     

167. Gate House                                                                             3  Mon 20/01/14 Wed 22/01/14  160  SNET  
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                  Appendix B1   CONTD.  
                  óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                ACTIVITY                                             D/DAYS       START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

168. Facility mgt. Building                             2  Sat 11/01/14 Tue 14/01/14  161  ASAP  

169. Basement  14  Mon 12/05/14 Thu 29/05/14  162  ASAP  

170. Ground Floor                                        22  Wed 24/09/14 Tue 21/10/14  163FS-15 days  SNET  

171. 1st Floor  12  Tue 23/09/14 Tue 07/10/14  164  SNET  

172. 2nd Floor                                                                7  Sat 27/09/14 Mon 06/10/14  165  SNET  

173. Services     

174. Sanitary Works       

175. Water supply Piping     

176. Ground Floor  23  Tue 24/09/13 Wed 23/10/13  34FS-9 days  ASAP  

177. 1st Floor  21  Mon 09/09/13 Fri 04/10/13  35FS-9 days  SNET  

178. 2nd Floor                                                   15  Fri 04/10/13 Wed 23/10/13 36FS-5 days  SNET  

179. Rain & waste Water Piping     

180. Ground Floor  21  Tue 24/09/13 Mon 21/10/13  176SS  SNET  

181. 1st Floor  21  Mon 09/09/13  Fri 04/10/13  177SS  SNET  

182. 2nd Floor                                                                              17  Sat 05/10/13 Sat 26/10/13  181,178SS  SNET  

183. Sanitary Accessories     

184. Gate House  15  Mon 13/01/14  Fri 31/01/14  104  SNET  
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                       Appendix B1     CONTD.  

                       óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   
 

S/N            ACTIVITY                           D/DAYS           START  -   FINISH   PREC/REL.TYPE  CONST TYPE  

185. Facility mgt. Building                                                                                10  Tue 07/01/14 Sat 18/01/14  105  SNET  

186. Ground Floor  65  Sat 11/01/14 Wed 02/04/14  106  SNET  

187. 1st Floor                                                                                                                 28  Wed 20/08/14 Wed 24/09/14  107  SNET  

188. 2nd Floor  20  Fri 29/08/14 Wed 24/09/14  108  SNET  

189. Electrical works     

190. Conduit     

191. Ground Floor  45 Sat 05/10/13 Fri 29/11/13  34  SNET  

192. 1st Floor                                                                                                 22  Fri 20/09/13 Thu 17/10/13  35 SNET  

193. 2nd Floor  14  Thu 10/10/13 Mon 28/10/13  36 ASAP  

194. Cable tray & Trunking      

195. Delivery of materials  3  Thu 12/12/13 Tue 17/12/13  7 ASAP  

196. Gate House  14  Tue 17/12/13 Thu 02/01/14  195  SNET  

197. Facility mgt. Building                                                  10  Thu 02/01/14 Wed 15/01/14  196  SNET  

198. Basement  21  Wed 15/01/14 Tue 11/02/14  197 SNET  

199. Ground Floor  48       Tue 11/02/14 Fri 11/04/14  198  SNET  

200. 1st Floor                                                        30       Fri 11/04/14 Mon 19/05/14  199 SNET  

201. 2nd Floor  17       Mon 19/05/14  Mon 09/06/14  200  SNET  
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                       Appendix B1       CONTD.  
                     óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   

 
S/N                              ACTIVITY                                           D/DAYS      START  -   FINISH  PREC/REL.TYPE CONST TYPE 

202. Cabling                       

203. Gate House  14  Mon 13/01/14 Thu 30/01/14  104,196  SNET  

204. Facility mgt. Building  10  Wed 15/01/14 Tue 28/01/14  105,197  SNET  

205. Basement                                                                                                21  Tue 11/02/14 Sat 08/03/14  106,198  SNET  

206. Ground Floor  35   Wed 20/08/14 Thu 02/10/14  107,199  SNET  

207. 1st Floor                                                                                                               20  Fri 29/08/14 Wed 24/09/14  108,200  SNET  

208. 2nd Floor 15  Wed 17/09/14 Mon 06/10/14  109,201   SNET 

209. Distribution Boards and Power points     

210. Gate House  7  Wed 29/01/14 Thu 06/02/14  153  SNET  

211. Facility mgt. Building  7  Mon 03/02/14 Wed 12/02/14  154  SNET  

212. Basement                                                           10  Fri 25/04/14 Thu 08/05/14  155  SNET  

213. Ground Floor  20  Mon 15/09/14 Thu 09/10/14  156,212SS  SNET  

214. 1st Floor                                                                                                            11  Mon 08/09/14 Mon 22/09/14  157  SNET  

215. 2nd Floor  7  Sat 06/09/14 Mon 15/09/14  158  SNET  

216. Electrical Lighting & Socket     

217. Delivery of electrical fittings                                                              2  Thu 12/12/13 Mon 16/12/13  8 ASAP  

218. Gate House  7  Mon 13/01/14 Tue 21/01/14  160SS,217  SNET  
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                  Appendix B1     CONTD.  

                óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  
 
S/N                              ACTIVITY                                                                   D/DAYS    START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

219. Facility mgt. Building                                  7  Tue 07/01/14 Wed 15/01/14  161SS  ASAP  

220. Basement  14  Fri 25/04/14 Tue 13/05/14  162SS  SNET  

221. Ground Floor                                                    21  Mon 15/09/14 Fri 10/10/14  163SS  SNET  

222. 1st Floor  18 Mon 08/09/14 Tue 30/09/14  164SS  SNET  

223. 2nd Floor                                                 15  Wed 17/09/14 Mon 06/10/14  165SS  SNET  

224. Extra low Voltage Devices     

225. Cabling  66  Fri 25/04/14 Thu 17/07/14  155  ASAP  

226. CCTV  42  Thu 31/07/14 Mon 22/09/14  225,138  SNET  

227. Door Access controls                            42  Thu 31/07/14 Mon 22/09/14  225,138  SNET  

228. Panic Buttons  38  Thu 31/07/14 Tue 16/09/14  225,138  SNET  

229. Public Address system                                                                 38  Thu 31/07/14 Tue 16/09/14  225,138  ASAP  

230. BMS Configuration  55  Thu 31/07/14 Tue 07/10/14  225,138  ASAP  

231. Fire Alarm Systems      

232. Cabling  56  Fri 25/04/14 Fri 04/07/14  155  ASAP  

233. Installation of Equipment                                                                     30  Thu 31/07/14 Fri 05/09/14  138,232  SNET  

234. Data Transmission & IT     

235. Cabling             55  Fri 25/04/14 Thu 03/07/14  155  ASAP  
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                   Appendix B1   CONTD.  
                óAs-Plannedô Schedule for Baseline Plan A(1)  of Case Project 1  

 
S/N ACTIVITY                                                              D/DAYS           START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

236. Installation of Equipment                                                                                 30  Thu 31/07/14 Fri 05/09/14  235,138  SNET  

237. Air Conditioning      

238. Air Ducts      

239. Basement  15  Wed 07/08/13 Mon 26/08/13   SNET  

240. Ground Floor  25  Wed 07/08/13 Fri 06/09/13   SNET  

241. 1st Floor                                                                           42  Fri 06/09/13 Tue 29/10/13  240  SNET   

242. 2nd Floor  30  Tue 29/10/13 Thu 05/12/13  241  SNET  

243. Chilled Water piping       

244. Ground Floor  20  Wed 07/08/13 Sat 31/08/13   SNET  

245. 1st Floor  20  Mon 02/09/13 Thu 26/09/13  244 FNET 

246. 2nd Floor                                                                                              25  Thu 26/09/13 Sat 26/10/13  245  FNET  

247. External Piping  108  Mon 28/10/13 Tue 11/03/14  246  SNET  

248. Lagging/Cladding of Chiller piping                                       164  Fri 13/09/13 Fri 04/04/14   FNET  

249. Grilles & Diffusers      

250. Basement  14  Fri 07/03/14 Tue 25/03/14 135,106  SNET  

251. Ground Floor  28  Wed 20/08/14 Wed 24/09/14  136,107  ASAP  

252. 1st Floor                                                                                         18  Fri 29/08/14 Mon 22/09/14  137,108  ASAP  
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                      Appendix B1    CONTD. 
                    óAs-Plannedô Schedule for Baseline Plan A(1)  of Case Project 1  

 
S/N                             ACTIVITY                                           D/DAYS     START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

253. 2nd Floor                                                                                                                                   18  Wed 17/09/14 Thu 09/10/14  138,109  ASAP  

254. Equipments     

255. Installation of Chillers  10  Tue 08/04/14 Mon 21/04/14  9  ASAP  

256. Air Handling Units       

257. Ground Floor 11  Tue 15/04/14 Mon 28/04/14  9FS+5 days  SNET  

258. 1st Floor  4  Tue 29/04/14 Fri 02/05/14  257  SNET  

259. 2nd Floor                                                                                                3  Sat 03/05/14 Wed 07/05/14  258  SNET  

260. Backup/Split Units     

261. Gate House  10  Mon 23/12/13 Fri 03/01/14    SNET  

262. Facility  7  Fri 03/01/14 Mon 13/01/14  261 ASAP  

263. Ground Floor                                      62  Mon 13/01/14 Mon 31/03/14  262  SNET  

264. 1st Floor  27 Mon 31/03/14 Fri 02/05/14  263  SNET  

265. 2nd Floor                                                15  Fri 02/05/14 Wed 21/05/14  264  SNET  

266. Lift Installation       

267. Delivery of 4No Lift  10  Sat 18/01/14 Fri 31/01/14  10 ASAP 

268. Lift for ten Passengers (2 No)                                   

269. Cables and Guides  28  Fri 31/01/14 Thu 06/03/14  267  SNET  
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                     Appendix B1   CONTD.  
                    óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                                ACTIVITY                                                              D/DAYS        START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

270.   Motors                                                                                                                   28     Fri 07/03/14    Thu 10/04/14  269  ASAP  

271. Cabin  28     Thu 10/04/14   Thu 15/05/14  270  ASAP  

272. Lift for Goods      

273. Cables and Guides  12     Thu 15/05/14  Fri 30/05/14  271  SNET  

274. Motors  10     Fri 30/05/14    Thu 12/06/14  273  ASAP  

275. Cabin                                                                                                14     Thu 12/06/14   Mon 30/06/14  274  ASAP  

276. Lift for Goods/ Cargo     

277. Cables and Guides  14     Thu 12/06/14  Mon 30/06/14  275SS  SNET  

278. Motors  10     Mon 30/06/14 Fri 11/07/14  277  ASAP  

279. Cabin                                                             14     Fri 11/07/14   Tue 29/07/14  278  ASAP  

280. Fire Fighting     

281. Sprinklers Piping     

282. Delivery of pipes  3     Thu 12/12/13  Tue 17/12/13   7  ASAP 

283. Basement 28     Tue 17/12/13  Mon 20/01/14  282  SNET  

284. Ground Floor                                                                                             56     Tue 21/01/14  Mon 31/03/14  283 SNET 

285. 1st Floor  38     Mon 31/03/14  Fri 16/05/14  284  SNET  

286. 2nd Floor  30     Sat 17/05/14   Tue 24/06/14  285  ASAP 
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              Appendix B1        CONTD.  
             óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1   

  
S/N                                                                   ACTIVITY                                                              D/DAYS        START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

287.  Fittings                                                                            15  Wed 17/09/14 Mon 06/10/14 138,109  ASAP  

288. Extinguishers     

289. Gate House  1  Mon 20/01/14 Mon 20/01/14  160  SNET  

290. Facility mgt. Building  1  Mon 20/01/14 Mon 20/01/14  161,289SS  ASAP  

291. Basement                                                                                                          2  Mon 12/05/14 Wed 14/05/14  162  ASAP  

292. Ground Floor  5  Mon 13/10/14 Sat 18/10/14  163  ASAP  

293. 1st Floor                                                                                      2 Tue 23/09/14 Thu 25/09/14  164  SNET  

294. 2nd Floor  1  Sat 27/09/14 Mon 29/09/14  165  SNET  

295. FM 200 Gas System For Fire Suppression     

296. Delivery of pipes  5  Thu 12/12/13 Thu 19/12/13  7 ASAP  

297. Ground Floor  28  Thu 19/12/13 Wed 22/01/14  296 SNET  

298. 1st  Floor                                                              56  Thu 19/12/13 Wed 26/02/14  297SS  SNET  

299. 2nd Floor  21  Thu 19/12/13 Tue 14/01/14  298SS  SNET  

300. Fittings                                                                                               25  Wed 17/09/14 Sat 18/10/14  138,109  ASAP  

301. External works      

302. Civil Work      

303. Ground Level Water Tanks  12  Fri 01/08/14 Fri 15/08/14  306  SNET 
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                    Appendix B1  CONTD.  
                  óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1           

 
S/N           ACTIVITY                                                              D/DAYS        START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

304. Roof Water Tank                                             8   Wed 02/04/14   Sat 12/04/14  30  ASAP  

305. Water Treatment Plants  21   Mon 20/01/14   Fri 14/02/14  7FS+30 days  SNET  

306. Bore hole Installation  14  Tue 15/07/14   Fri 01/08/14  322  SNET  

307. Septic Tank & Soakaway pit                                            28  Tue 15/07/14 Tue 19/08/14  322  ASAP  

308. Inspection Chamber  56   Tue 15/07/14  Tue 23/09/14  322  ASAP  

309. Filling Station      

310. Underground fuel dump  14   Wed 07/08/13   Fri 23/08/13   ASAP 

311. Fuel Tank with conveyor belt  4  Wed 07/08/13  Mon 12/08/13   ASAP  

312. Super Structure                                  36  Mon 12/08/13 Wed 25/09/13  311  SNET  

313. Pumps and Piping  30  Wed 25/09/13  Fri 01/11/13  312  SNET  

314. Electrical fittings                            7  Fri 01/11/13 Mon 11/11/13  313   ASAP  

315. Fire Fighting     

316. Extinguishers  16  Sat 27/09/14 Fri 17/10/14  165 SNET  

317. Hydrants  65  Tue 15/07/14 Fri 03/10/14  322  SNET  

318. Hosereel                                                                                             44  Sat 02/11/13 Fri 27/12/13  41  ASAP  

319. Fire pumps  28  Mon 20/01/14 Sat 22/02/14  305SS  ASAP  
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                  Appendix B1   CONTD.  
                 óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N               ACTIVITY                                             D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

320. Landscaping & Civil Works                                                   

321. Flood Water Drainages  122       Wed 23/10/13    Mon 24/03/14  16FS+15 days  SNET  

322. Filling& Compaction of Site (Earthworks)  84   Tue 01/04/14    Tue 15/07/14  18  ASAP  

323. Interlocking tiles for Walkway  56   Mon 24/03/14    Sat 31/05/14  321  SNET  

324. Concrete Driveways                                                                      120       Mon 24/03/14    Wed 20/08/14  321  SNET  

325. Green Areas  75   Mon 24/03/14    Wed 25/06/14  321  SNET  

326. Electricity      

327. Delivery of Transformer & Panels  16   Fri 28/02/14    Thu 20/03/14  11  ASAP  

328. Low & High Voltage Panel  36   Thu 20/03/14     Mon 05/05/14  327 SNET  

329. Generators                                                                    7   Thu 20/03/14     Fri 28/03/14  327   SNET  

330. Transformer  10   Thu 20/03/14    Wed 02/04/14  327  ASAP 

331. External Cabling (Armoured)  40   Wed 02/04/14   Wed 21/05/14  330  SNET  

332. External LIGHTING(Poles and fittings)                       61       Tue 25/02/14    Mon 12/05/14  321FS-21 days ASAP   

333. PHCN Power connection  35   Wed 21/05/14   Fri 04/07/14  331  ASAP  
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                 Appendix B1      CONTD. 
              óAs-Plannedô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                          ACTIVITY                                                              D/DAYS     START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

334. Fence                            

335. Fence Structure (Type C)  21 Sat 19/07/14 Thu 14/08/14  324FS-25 days  ASAP  

336. Concertina barbed Wire  14 Wed 20/08/14 Fri 05/09/14  324  SNET  

337. Fence Grills and Gates                                                                   46 Tue 15/07/14 Wed 10/09/14  322  SNET  

338. Painting  40 Wed 25/06/14 Wed 13/08/14  325  ASAP  

339. Decorations and Furniture  20 Thu 18/09/14 Tue 14/10/14  165FS-7 days  SNET  

340. Test Running                                      7 Sat 18/10/14 Mon 27/10/14  173,315,332,302,339  SNET  

341. Completion & Hand/over  1 Tue 28/10/14 Tue 28/10/14  340  SNET  
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                   Appendix B2                             
                  óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS    START  -   FINISH   PREC/REL.TYPE  CONST TYPE  

1. COMPLETION OF T HE PROJECT              

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing / fire fighting  12 Tue 01/10/13 Tue 15/10/13   SNET  

4. Pre-shipment Inspection of Chillers & AHU  12 Tue 12/11/13 Tue 26/11/13   SNET  

5. Pre-shipment Inspection of Lift                                                  6 Sat 21/09/13 Sat 28/09/13   SNET  

6. Pre-shipment Inspection of Transformers & Panels  6 Fri 01/11/13 Fri 08/11/13   SNET  

7. Shipment for finishing / fire fighting                                               90 Tue 15/10/13 Tue 04/02/14  3  ASAP  

8. Shipment of electrical fittings  90 Tue 15/10/13 Tue 04/02/14  7SS  ASAP  

9. Shipment of Chillers & AHU                                                                                      107 Tue 26/11/13 Tue 08/04/14  4  ASAP  

10. Shipment Inspection of Lift  90 Mon 28/10/13 Sat 15/02/14   SNET  

11. Shipment Inspection of Transformers & Panels                                                   90 Fri 08/11/13 Fri 28/02/14  6  ASAP  

12. Completion of Structural Works      

13. Completion of the LIFT shaft  12 Tue 27/05/14 Tue 10/06/14   SNET  

14. Completion of sub-structural work(main Building) 27 Mon 22/09/14 Fri 24/10/14   SNET  

15. Completion of facial wall (main Building)  32 Mon 28/07/14 Thu 04/09/14   SNET  

16. Underground diesel Tank(Generator's house)                       30 Thu 12/06/14 Fri 18/07/14   SNET  

17. Expansion Joint Treatment(Main building)  20 Thu 10/07/14 Mon 04/08/14   SNET  
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           Appendix B2   CONTD.  
         óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1    

 
S/N                  ACTIVITY                                                                       D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

18. French Drain                                                                                      54  Thu 25/09/14  Tue 02/12/14  69FS-15 days  SNET  

19. Entrance Canopy (Main Building)  45 Mon 10/11/14  Sat 03/01/15  18FS+4 days  SNET  

20. Roofing Works     

21. Screeded bed for Waterproofing     

22. Gate House  5  Mon 08/09/14  Sat 13/09/14  15FS+2 days,17  SNET  

23. Facility mgt. Building  4 Tue 16/09/14  Sat 20/09/14  22FS+2 days  SNET  

24. Generator House                                                                                     7  Wed 24/09/14  Thu 02/10/14  23FS+2 days  SNET  

25. Main Building  30  Tue 27/05/14  Wed 02/07/14   SNET  

26. Installation of Waterproofing  (Felting)     

27. Gate House  6  Mon 21/07/14  Mon 28/07/14  25FS+14 days  ASAP  

28. Facility mgt. Building  5  Tue 29/07/14  Mon 04/08/14  27FS+1 day  ASAP  

29. Generator House                                                                                                                                                               8  Thu 02/10/14  Mon 13/10/14  28FS+4 days,24  SNET  

30. Main Building  70 Tue 27/05/14  Thu 21/08/14  29FS+2 days  SNET  

31. Finish Works     

32. Partition Blocks     

33. Basement  14  Tue 27/05/14  Thu 12/06/14   SNET  

34. Ground Floor  20  Tue 27/05/14  Fri 20/06/14   SNET  
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            Appendix B2     CONTD.  
          óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

35. 1st Floor                                                         20  Tue 27/05/14 Fri 20/06/14   SNET 

36. 2nd Floor  28  Thu 05/06/14 Thu 10/07/14  35FS-12 days  ASAP  

37. Rendering (Wall & Soffit)      

38. Basement  15 Tue 27/05/14 Fri 13/06/14   SNET  

39. Ground Floor  30  Fri 20/06/14 Mon 28/07/14  34  ASAP  

40. 1st Floor                                                                                                         20  Fri 20/06/14 Tue 15/07/14  35  SNET  

41. 2nd Floor  15  Tue 15/07/14 Sat 02/08/14                 40 ASAP  

42. External Main Building  56  Mon 04/08/14 Mon 13/10/14  3 6FS-12 days,17  ASAP  

43. Wall & Floor Tiling      

44. Internal Floor & Walls      

45. Delivery of Tiles (ceramic, Granite, Marble) 5  Mon 30/06/14 Fri 04/07/14  3FS+60 days,7  SNET  

46. Gate House  25  Sat 05/07/14 Tue 05/08/14  45  ASAP  

47. Facility mgt. Building                                                 20  Sat 05/07/14 Wed 30/07/14  46SS  ASAP  

48. Basement  10 Fri 01/08/14 Thu 14/08/14  47FS+2 days,38  SNET  

49. Ground Floor  85  Tue 05/08/14 Wed 19/11/14  46,176,39  SNET  

50. 1st Floor                                                                                                 45  Sat 25/10/14 Fri 19/12/14  49FS-20 days SNET  

51. 2nd Floor  25  Mon 08/12/14 Thu 08/01/15  50FS-10 days  SNET  
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             Appendix B2      CONTD.  
           óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                         D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

52. Decoration of wall for Banking Hall                  7  Thu 05/02/15 Fri 13/02/15   SNET  

53. BASF MASTERTOP Epoxy Resin flooring      

54. Facility mgt. Building  7  Tue 27/01/15 Wed 04/02/15   SNET  

55. Basement  56  Mon 04/08/14 Mon 13/10/14  17 SNET  

56. Ground floor                                                                                                               45  Wed 24/09/14 Wed 19/11/14  17,55FS-15 days  SNET    

57. 1st Floor  21  Fri 07/11/14 Wed 03/12/14  56FS-10 days FNET  

58. 2nd Floor  14  Tue 02/12/14 Thu 18/12/14  57FS-2 days  SNET  

59. Raised Floor Panels    

60. Delivery of Raised floor  5  Thu 09/10/14 Wed 15/10/14  7  SNET 

61. Ground Floor 14  Thu 01/01/15 Mon 19/01/15  60,136 SNET  

62. 1st Floor                                                                                                                                     28  Wed 28/01/15 Wed 04/03/15  61,60,137  SNET  

63. 2nd Floor  40  Sat 07/02/15 Mon 30/03/15  62FS-20 days  SNET  

64. External wall Tilling      

65. Delivery of Tiles  4  Mon 04/08/14 Thu 07/08/14 7 SNET  

66. Gate House  14 Fri 08/08/14 Tue 26/08/14  65 ASAP  

67. Facility mgt. Building                                                                         10  Tue 26/08/14 Sat 06/09/14  66 ASAP  

68. Back Elevation(Main Building)  20  Thu 11/09/14 Mon 06/10/14  67SS,42FS-25 days  ASAP  
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             Appendix B2   CONTD.  
           óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1  

 
S/N                  ACTIVITY                                                                  D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

69. Right Elevation                                                   30              Sat 06/09/14  Tue 14/10/14  67 ASAP  

70. Left Elevation  30              Mon 06/10/14  Wed 12/11/14  68 ASAP  

71. Front Elevation                                                                           40              Tue 14/10/14  Wed 03/12/14  69 ASAP  

72. Courtyard at Bullion Area  15              Wed 12/11/14  Mon 01/12/14  70 ASAP   

73. External Alucobond     

74. Delivery of Alucobond  5                Tue 05/08/14  Mon 11/08/14  7  SNET 

75. Gate House  21              Tue 26/08/14  Sat 20/09/14  74,27FS-15 days  SNET  

76. Facility mgt. Building                                   7                Sat 06/09/14 Mon 15/09/14  75SS  SNET  

77. Back Elevation(Main Building)  20              Sat 20/09/14  Wed 15/10/14  75 ASAP  

78. Right Elevation                                                   30              Mon 15/09/14 Wed 22/10/14  76 ASAP  

79. Left Elevation  30              Wed 15/10/14  Fri 21/11/14  77 ASAP  

80. Front Elevation                                                                                                               40              Wed 22/10/14  Thu 11/12/14  78 ASAP  

81.     

82. Doors & Windows     

83. Doors & Windows Sub-Frames     

84. Delivery of Frames  3                Thu 24/07/14 Mon 28/07/14  7  SNET  

85. Gate House  5                Mon 28/07/14 Sat 02/08/14  84 SNET  
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            Appendix B2 
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1   

 
S/N                  ACTIVITY                                                                      D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

86. Facility mgt. Building                                                                              3  Mon 28/07/14    Thu 31/07/14  84  SNET  

87. Basement  2 Mon 28/07/14    Wed 30/07/14  33,84  SNET  

88. Ground Floor  14  Mon 28/07/14    Thu 14/08/14  87SS  SNET  

89. 1st Floor                                                                                                                                         10  Mon 28/07/14    Fri 08/08/14  35,84  SNET  

90. 2nd Floor  5  Fri 08/08/14    Fri 15/08/14  89,36  ASAP  

91. Chubb Doors & metal Gates     

92. Delivery of Doors  2  Tue 27/05/14   Wed 28/05/14   SNET  

93. Basement  18  Thu 29/05/14   Fri 20/06/14   SNET  

94. Ground Floor  15  Fri 20/06/14   Wed 09/07/14  93SS  SNET  

95. 1st Floor                                         10  Wed 09/07/14    Mon 21/07/14  94 SNET  

96. 2nd Floor  10  Mon 21/07/14    Sat 02/08/14  95 ASAP  

97. Metal grill Gates     

98. Fabrication  20  Mon 11/08/14    Thu 04/09/14  7  SNET  

99. Ground Floor  21  Mon 13/10/14    Fri 07/11/14  55  SNET  

100. 1st Floor  8  Fri 07/11/14   Tue 18/11/14  99 SNET  

101.     
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               Appendix B2 
             óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1    

 
S/N                  ACTIVITY                                                                      D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

102. Wooden Flush & Aluminium Door                                                                      

103. Delivery of Doors  4  Mon 21/07/14 Thu 24/07/14  7 SNET  

104. Gate House  8  Tue 05/08/14 Fri 15/08/14  46 ASAP  

105. Facility mgt. Building  5  Wed 30/07/14 Tue 05/08/14  47 ASAP  

106. Basement                                                                                   2         Thu 14/08/14 Sat 16/08/14  48 ASAP  

107. Ground Floor  35       Mon 19/01/15 Tue 03/03/15  49,61  FNET  

108. 1st Floor                                                               15       Wed 04/03/15 Mon 23/03/15  50,62  ASAP  

109. 2nd Floor  10       Mon 30/03/15 Fri 10/04/15  51,63  SNET  

110. Ironmongery     

111. Delivery of Accessories  3  Mon 28/07/14 Wed 30/07/14  7 SNET  

112. Gate House  3  Sat 16/08/14 Wed 20/08/14  104FS+1 day  ASAP  

113. Facility mgt. Building                                                                                                                              2  Tue 05/08/14 Thu 07/08/14  105  ASAP  

114. Basement  3 Thu 07/08/14 Mon 11/08/14   ASAP  

115. Ground Floor  12       Mon 19/01/15 Tue 03/02/15  107SS  ASAP  

116. 1st Floor                                                                                             7  Wed 04/03/15 Fri 13/03/15  108SS  ASAP  

117. 2nd Floor  4  Fri 10/04/15 Wed 15/04/15  109  ASAP  
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               Appendix B2 
             óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1          

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

118. Aluminium Windows/Cutting wall                                                  

119. Delivery of Frames & Glazing  3  Wed 09/07/14   Fri 11/07/14  7 SNET  

120. Gate House  14  Sat 12/07/14 Wed 30/07/14  119  ASAP  

121. Facility mgt. Building  10  Sat 12/07/14 Thu 24/07/14  120SS  ASAP  

122. Basement                                                       2  Thu 24/07/14 Mon 28/07/14  121,38  ASAP  

123. Ground Floor  65  Mon 28/07/14 Thu 16/10/14  122,39  ASAP  

124. 1st Floor                                                                   45  Thu 16/10/14 Thu 11/12/14  123,40  ASAP  

125. 2nd Floor  42  Thu 11/12/14 Mon 02/02/15  124,41  SNET  

126. Steel Burglar Proofing     

127. Fabrication  84 Tue 27/05/14 Mon 08/09/14  7 SNET  

128. Ground Floor  45  Tue 16/09/14 Mon 10/11/14  123FS-25 days,127  ASAP  

129. 1st Floor                                                                                                                                       25  Fri 05/12/14 Mon 05/01/15  124FS-5 days  ASAP  

130.      

131. Suspended Ceiling                

132. Delivery of Materials  2  Mon 04/08/14 Tue 05/08/14  7 SNET  

133. Gate House  14  Wed 06/08/14 Fri 22/08/14  132,196  SNET  

134.  Facility mgt. Building  10  Wed 06/08/14 Mon 18/08/14  133SS,197  SNET  
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             Appendix B2 
           óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1    

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

135. Basement                                20 Mon 18/08/14 Thu 11/09/14  134,38,239,198,283  SNET  

136. Ground Floor  56  Thu 23/10/14 Thu 01/01/15  135SS+18 days,240,245,199,284  SNET  

137. 1st Floor                                              40  Wed 10/12/14 Wed 28/01/15  136SS,241,246,200,285  SNET  

138. 2nd Floor  30  Fri 16/01/15 Mon 23/02/15  137SS,242,247,201,286  SNET  

139. Aluminium Partitions      

140. Delivery of DEKO partition  3  Thu 11/09/14 Mon 15/09/14  7  SNET  

141. Facility mgt. Building  7  Mon 15/09/14 Tue 23/09/14  140,134  SNET  

142. Basement                                7  Thu 11/09/14 Sat 20/09/14  135,48  SNET  

143. Ground Floor  10  Mon 19/01/15 Fri 30/01/15  142,49,61  SNET  

144. 1st Floor                                              18  Wed 04/03/15 Thu 26/03/15  143,50,62  SNET  

145. 2nd Floor  28  Mon 30/03/15 Mon 04/05/15  144,51,63  SNET  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition  1  Tue 16/09/14 Tue 16/09/14  7 SNET  

148. Ground Floor  7  Fri 17/04/15 Sat 25/04/15  147,188  SNET  

149. 1st Floor                                                5  Fri 17/04/15 Thu 23/04/15  148SS  SNET  

150. 2nd Floor  3  Fri 17/04/15 Tue 21/04/15  149SS  SNET  
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             Appendix B2 
           óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

151. Painting (Wall & Soffit)                                

152. Priming of the surface     

153. Gate House  7          Fri 22/08/14 Mon 01/09/14  133 SNET  

154. Facility mgt. Building  5          Mon 18/08/14 Mon 25/08/14  134  ASAP  

155. Basement                                                                        40          Thu 11/09/14 Fri 31/10/14  135  ASAP  

156. Ground Floor  70          Thu 01/01/15 Mon 30/03/15  136  SNET  

157. 1st Floor                                                                               50          Wed 28/01/15 Wed 01/04/15  137  SNET  

158. 2nd Floor  30          Mon 23/02/15 Wed 01/04/15  138  SNET  

159. First Layer     

160. Gate House  5          Fri 15/08/14 Thu 21/08/14  104,120  SNET  

161. Facility mgt. Building  4          Tue 05/08/14 Mon 11/08/14  105,121  SNET  

162. Basement                                                           12         Fri 31/10/14 Mon 17/11/14  106,155,122  SNET  

163. Ground Floor  22          Mon 30/03/15 Sat 25/04/15  107,156,128  SNET  

164. 1st Floor                                                                 12          Wed 01/04/15 Wed 15/04/15  108,157,129  SNET  

165. 2nd Floor  8          Fri 10/04/15 Tue 21/04/15  109,158,125  SNET  

166. Second Layer     

167. Gate House  3          Thu 21/08/14 Mon 25/08/14  160  SNET  

   
 



360 
 

 

            Appendix B2    CONTD.  
           óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1            

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

168.   Facility mgt. Building                                                                                                     2  Mon 11/08/14   Wed 13/08/14  161  ASAP  

169. Basement  14  Mon 17/11/14   Wed 03/12/14  162  ASAP  

170. Ground Floor  22  Tue 07/04/15   Tue 05/05/15  163FS-15 days  SNET  

171. 1st Floor                                                                                      12  Thu 16/04/15   Thu 30/04/15  164  SNET  

172. 2nd Floor  7  Tue 21/04/15   Wed 29/04/15  165  SNET  

173. Services     

174. Sanitary Works     

175. Water supply Piping     

176. Ground Floor  23  Mon 09/06/14   Tue 08/07/14  34FS-9 days  ASAP  

177. 1st Floor  21  Mon 09/06/14    Fri 04/07/14  35FS-9 days  SNET  

178. 2nd Floor                                                                                                        15  Thu 03/07/14    Tue 22/07/14  36FS-5 days  SNET  

179. Rain & waste Water Piping     

180. Ground Floor  21  Mon 09/06/14    Fri 04/07/14  176SS  SNET  

181. 1st Floor  21  Mon 09/06/14    Fri 04/07/14  177SS  SNET  

182. 2nd Floor                                       17  Fri 04/07/14    Fri 25/07/14  181,178SS  SNET  

183. Sanitary Accessories     

184. Gate House  15  Fri 15/08/14    Wed 03/09/14  104  SNET  
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              Appendix B2    CONTD.  
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1      
 

S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

185.  Facility mgt. Building                           10   Tue 05/08/14  Mon 18/08/14  105  SNET  

186.  Ground Floor  65   Sat 16/08/14  Wed 05/11/14  106  SNET  

187. 1st Floor                                      28   Tue 03/03/15  Tue 07/04/15  107  SNET  

188. 2nd Floor  20   Mon 23/03/15  Thu 16/04/15  108  SNET  

189. Electrical works     

190. Conduit     

191. Ground Floor  45  Fri 20/06/14  Fri 15/08/14  34  SNET  

192. 1st Floor  22   Fri 20/06/14  Thu 17/07/14  35  SNET  

193. 2nd Floor                                    14   Thu 10/07/14 Mon 28/07/14  36  ASAP  

194. Cable tray & Trunking      

195. Delivery of materials  3   Tue 27/05/14 Thu 29/05/14  7 SNET  

196. Gate House  14   Fri 30/05/14 Tue 17/06/14  195  SNET  

197. Facility mgt. Building              10   Tue 17/06/14 Sat 28/06/14  196  SNET  

198. Basement  21   Sat 28/06/14 Thu 24/07/14  197  SNET  

199. Ground Floor  48   Fri 25/07/14 Tue 23/09/14  198  SNET  

200. 1st Floor                                   30   Tue 23/09/14 Thu 30/10/14  199  SNET  

201. 2nd Floor   17   Thu 30/10/14 Thu 20/11/14  200 SNET  
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                Appendix B2    CONTD.  
              óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

202. Cabling                                                                         

203. Gate House  14    Fri 15/08/14  Tue 02/09/14  104,196  SNET  

204. Facility mgt. Building  10    Tue 05/08/14  Mon 18/08/14  105,197  SNET  

205. Basement                                                            21    Sat 16/08/14  Thu 11/09/14  106,198  SNET  

206. Ground Floor  35    Tue 03/03/15  Wed 15/04/15  107,199  SNET  

207. 1st Floor                                                                                             20    Mon 23/03/15  Thu 16/04/15  108,200  SNET  

208. 2nd Floor  15    Fri 10/04/15   Wed 29/04/15  109,201  SNET  

209. Distribution Boards and Power points     

210. Gate House  7    Mon 01/09/14  Tue 09/09/14  153  SNET  

211. Facility mgt. Building  7    Mon 25/08/14  Tue 02/09/14  154  SNET  

212. Basement                                                           10    Fri 31/10/14   Thu 13/11/14  155  SNET  

213. Ground Floor  20    Mon 30/03/15  Thu 23/04/15  156,212SS  SNET  

214. 1st Floor                                                                                 11    Wed 01/04/15  Tue 14/04/15  157  SNET  

215. 2nd Floor  7    Wed 01/04/15  Thu 09/04/15  158  SNET  

216. Electrical Lighting & Socket     

217. Delivery of electrical fittings  2    Tue 27/05/14   Wed 28/05/14  8 SNET  

218. Gate House  7    Fri 15/08/14  Sat 23/08/14  160SS,217  SNET  
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             Appendix B2    CONTD.  
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY  D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

219.  Facility mgt. Building                       7  Tue 05/08/14  Thu 14/08/14  161SS  ASAP  

220. Basement  14  Fri 31/10/14  Tue 18/11/14  162SS  SNET  

221. Ground Floor  21  Mon 30/03/15   Fri 24/04/15  163SS  SNET  

222. 1st Floor                            18  Wed 01/04/15  Thu 23/04/15  164SS  SNET  

223. 2nd Floor  15  Fri 10/04/15  Wed 29/04/15  165SS  SNET  

224. Extra low Voltage Devices     

225. Cabling  66  Fri 31/10/14  Wed 21/01/15  155  ASAP  

226. CCTV  42 Mon 23/02/15  Wed 15/04/15  225,138  SNET  

227. Door Access controls              42  Mon 23/02/15  Wed 15/04/15  225,138  SNET  

228. Panic Buttons  38 Mon 23/02/15   Fri 10/04/15  225,138  SNET  

229. Public Address system            38  Mon 23/02/15 Fri 10/04/15  225,138  ASAP  

230. BMS Configuration  55  Mon 23/02/15 Fri 01/05/15  225,138  ASAP  

231. Fire Alarm Systems      

232. Cabling  56  Fri 31/10/14 Fri 09/01/15  155  ASAP  

233. Installation of Equipment  30  Mon 23/02/15 Wed 01/04/15 138,232  SNET  

234. Data Transmission & IT      

235.  Cabling  55  Fri 31/10/14 Thu 08/01/15  155  ASAP  
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             Appendix B2    CONTD.  
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

236. Installation of Equipment                                                                                    30  Mon 23/02/15  Wed 01/04/15  235,138  SNET  

237. Air Conditioning      

238. Air Ducts      

239. Basement  15  Thu 10/07/14  Tue 29/07/14   SNET  

240. Ground Floor  15  Tue 29/07/14  Fri 15/08/14   SNET  

241. 1st Floor                                                      15  Tue 29/07/14 Fri 15/08/14   SNET  

242. 2nd Floor  15  Tue 29/07/14 Fri 15/08/14   SNET  

243. Chilled Water piping      

244. Ground Floor  7  Tue 29/07/14 Wed 06/08/14   SNET  

245. 1st Floor  7  Tue 29/07/14 Wed 06/08/14   SNET  

246. 2nd Floor                                                                                                                                                                  7  Tue 29/07/14 Wed 06/08/14   SNET  

247. External Piping                                                  108  Wed 06/08/14 Thu 18/12/14  246  SNET  

248. Lagging/Cladding of Chiller piping  164  Wed 06/08/14 Wed 25/02/15   SNET  

249. Grilles & Diffusers      

250. Basement  14  Thu 11/09/14 Mon 29/09/14  135,106  SNET  

251. Ground Floor  28  Tue 03/03/15 Tue 07/04/15  136,107  ASAP  

252. 1st Floor                                                             18  Mon 23/03/15  Tue 14/04/15  137,108  ASAP  
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              Appendix B2   CONTD.  
              óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1    

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

253. 2nd Floor                                               18       Fri 10/04/15    Mon 04/05/15  138,109  ASAP  

254. Equipments     

255. Installation of Chillers  10      Mon 04/08/14   Fri 15/08/14  9 SNET  

256. Air Handling Units      

257. Ground Floor  11      Mon 21/07/14   Sat 02/08/14  9FS+5 days  SNET  

258. 1st Floor  4       Sat 02/08/14     Thu 07/08/14  257  SNET  

259. 2nd Floor                                                                    3              Thu 07/08/14    Tue 12/08/14  258  SNET  

260. Backup/Split Units     

261. Gate House  10            Thu 10/07/14    Tue 22/07/14   SNET  

262. Facility  7              Tue 22/07/14    Thu 31/07/14  261  ASAP  

263. Ground Floor                                                   62            Thu 31/07/14  Thu 16/10/14  262  SNET  

264. 1st Floor  27           Thu 16/10/14  Wed 19/11/14  263  SNET  

265. 2nd Floor                                                                                                                      15           Wed 19/11/14  Mon 08/12/14  264  SNET  

266. Lift Installation      

267. Delivery of 4No Lift  1      Tue 27/05/14   Tue 27/05/14  10 SNET  

268. Lift for ten Passengers (2 No)                                                                          

269. Cables and Guides  28  Tue 03/06/14 Mon 07/07/14  267  SNET   
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                 Appendix B2      CONTD.  
              óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1     

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

270. Motors                                           

                                               

28          Mon 07/07/14   Mon 11/08/14  269  ASAP  

271. Cabin  28          Mon 11/08/14   Mon 15/09/14  270  SNET  

272. Lift for Goo ds     

273. Cables and Guides  12          Mon 15/09/14   Tue 30/09/14  271  SNET  

274. Motors  10          Tue 30/09/14    Mon 13/10/14  273  ASAP  

275. Cabin                                         14          Mon 13/10/14   Wed 29/10/14  274  ASAP  

276. Lift for Goods/ Cargo     

277. Cables and Guides  14          Mon 13/10/14   Wed 29/10/14  275SS  SNET  

278. Motors  10          Wed 29/10/14   Tue 11/11/14  277  ASAP  

279. Cabin                                     14          Tue 11/11/14    Fri 28/11/14  278  ASAP  

280. Fire Fighting     

281. Sprinklers Piping     

282. Delivery of pipes  3           Tue 08/07/14   Thu 10/07/14  7 SNET  

283. Basement  28          Fri 11/07/14   Thu 14/08/14  282  SNET  

284. Ground Floor                          56          Thu 14/08/14   Thu 23/10/14  283  SNET  

285. 1st Floor  38          Thu 23/10/14   Wed 10/12/14  284  SNET  

286. 2nd Floor                                    30          Wed 10/12/14   Fri 16/01/15  285  ASAP  
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              Appendix B2     CONTD.  
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1    

 
S/N                  ACTIVITY                                                                        D/DAYS       START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

287. Fittings                                                                              15       Fri 10/04/15    Wed 29/04/15  138,109  ASAP  

288. Extinguishers     

289. Gate House  1         Thu 21/08/14  Fri 22/08/14  160  SNET  

290. Facility mgt. Building  1         Thu 21/08/14  Fri 22/08/14  161,289SS  ASAP  

291. Basement                                                   2         Mon 17/11/14  Wed 19/11/14  162  ASAP  

292. Ground Floor  5  Sat 25/04/15  Fri 01/05/15  163  ASAP  

293. 1st Floor                                                                                                     2  Thu 16/04/15  Fri 17/04/15  164 SNET  

294. 2nd Floor  1         Tue 21/04/15  Wed 22/04/15  165  SNET  

295. FM 200 Gas System For Fire Suppression     

296. Delivery of pipes  5         Tue 27/05/14 Mon 02/06/14  7 SNET  

297. Ground Floor  28  Mon 02/06/14  Mon 07/07/14  296  SNET  

298. 1st Floor                                                                                                       56  Mon 02/06/14  Mon 11/08/14  297SS  SNET  

299. 2nd Floor  21  Mon 02/06/14   Fri 27/06/14  298SS  SNET  

300. Fittings                                                                                25  Fri 10/04/15   Tue 12/05/15  138,109  ASAP  

301. External works     

302. Civil Work     

303. Ground Level Water Tanks  12 Thu 09/10/14  Thu 23/10/14   SNET  

  
   



368 
 

 

                  Appendix B2   CONTD.  
               óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1      

 
S/N                  ACTIVITY                                                                        D/DAYS       START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

304.  Roof Water Tank                       8  Thu 21/08/14 Mon 01/09/14  30 ASAP  

305. Water Treatment Plants  15  Thu 21/08/14 Tue 09/09/14  7FS+30 days  SNET  

306. Bore hole Installation 14  Mon 22/09/14 Wed 08/10/14   SNET  

307. Septic Tank & Soakaway pit          28  Mon 22/09/14 Sat 25/10/14   SNET  

308. Inspection Chamber  56  Mon 22/09/14 Sat 29/11/14    SNET  

309. Filling Station    

310. Underground fuel pump  14  Wed 07/08/13 Fri 23/08/13   ASAP  

311. Fuel Tank with conveyor belt  25 Tue 03/06/14 Thu 03/07/14   SNET  

312. Super Structure  36  Mon 22/09/14 Wed 05/11/14  311  SNET  

313. Pumps and Piping                 30  Wed 05/11/14 Fri 12/12/14  312  SNET  

314. Electrical fittings  7  Mon 24/11/14 Tue 02/12/14   SNET  

315. Fire Fighting     

316. Extinguishers  16 Tue 21/04/15 Mon 11/05/15  165  SNET  

317. Hydrants  45  Mon 22/09/14 Sat 15/11/14   SNET  

318. Hosereel                                   30  Sat 02/08/14 Tue 09/09/14  41 ASAP  

319. Fire pumps  15  Sat 02/08/14 Thu 21/08/14  305SS                        SNET  

 

 
 

 



369 
 

 

             Appendix B2   CONTD.  
            óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1        

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

320. Landscaping & Civil Works        

321. Flood Water Drainages  94  Tue 09/09/14 Fri 02/01/15  16FS+15 days  SNET  

322.  Filling & Compaction of Site (Earthworks)  84  Tue 10/06/14 Mon 22/09/14   SNET  

323. Interlocking tiles for Walkway  56  Sat 03/01/15 Fri 13/03/15  321  SNET  

324. Concrete Driveways         120     Sat 03/01/15 Tue 02/06/15  321  SNET  

325. Green Areas  75  Sat 03/01/15 Tue 07/04/15  321  SNET  

326. Electricity      

327. Delivery of Transformer & Panels  16  Tue 27/05/14 Mon 16/06/14  11  SNET  

328. Low & High Voltage Panel  36  Mon 16/06/14 Wed 30/07/14 327  SNET  

329. Generators  7  Mon 16/06/14 Tue 24/06/14  327  SNET  

330. Transformer                                             10  Mon 16/06/14 Fri 27/06/14 327   ASAP  

331. External Cabling (Armoured)  40  Fri 27/06/14 Sat 16/08/14  330  SNET  

332. External LIGHTING (Poles and fittings 61       Mon 08/12/14 Sat 21/02/15  321FS-21 days  ASAP  

333. PHCN Power connection  35  Sat 16/08/14 Mon 29/09/14  331  ASAP  
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               Appendix B2     CONTD.    
              óAs-Builtô Schedule for Baseline Plan A(1) of Case Project 1                             

 
S/N                  ACTIVITY                                                                        D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

334. Fence                                    

335. Fence Structure (Type C)  21  Fri 01/05/15  Wed 27/05/15  324FS-25 days  ASAP  

336. Concertina barbed Wire  14  Tue 02/06/15  Thu 18/06/15  324  SNET  

337. Fence Grills and Gates  46  Mon 22/09/14  Tue 18/11/14  322  SNET  

338. Painting                                             40       Tue 07/04/15  Tue 26/05/15  325  ASAP  

339. Decorations and Furniture  20  Fri 03/04/15 Tue 28/04/15  165FS-7 days  SNET  

340. Test Running  7  Thu 11/06/15 Fri 19/06/15  173,315,332,302,339  SNET  

341. Completion & Hand/over             1  Fri 19/06/15 Sat 20/06/15  340  SNET  
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           Appendix B3          
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1  of Case Project 1  

 
S/N             ACTIVITY                                                                                 DV/DAYS             START VAR                  DAYS               FINISH VAR            DAYS  

1. COMPLETION OF THE PROJECT      

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing / fire fighting               X  12-12 = 0  Tue 01/10/13   Thu 08/08/13            45  Tue 15/10/13   Thu 22/08/13          45  

4. Pre-shipment Inspection of Chillers & AHU                                                 12-12 = 0  Tue 12/11/13   Tue 12/11/13  Tue 26/11/13   Tue 26/11/13  

5. Pre-shipment Inspection of Lift                                        6 - 6  = 0  Sat 21/09/13    Sat 21/09/13  Sat 28/09/13    Sat 28/09/13  

6. Pre-shipment Inspection of Transformers & Panels       6 - 6  = 0  Fri 01/11/13     Fri 01/11/13  Fri 08/11/13     Fri 08/11/13  

7. Shipment for finishing / fire fighting                           X  90-90 = 0  Tue 15/10/13   Thu 22/08/13            45  Tue 04/02/14    Thu 12/12/13         45  

8. Shipment of electrical fittings                                       X  90-90 = 0  Tue 15/10/13   Thu 22/08/13            45  Tue 04/02/14    Thu 12/12/13         45  

9. Shipment of Chillers & AHU                                          107-107 = 0  Tue 26/11/13   Tue 26/11/13  Tue 08/04/14   Tue 08/04/14  

10. Shipment Inspection of Lift                                     X 90-90  =  0  Mon 28/10/13   Sat 28/09/13            24  Sat 15/02/14    Sat 18/01/14           24  

11. Shipment Inspection of Transformers & Panels     90-90  = 0  Fri 08/11/13      Fri 08/11/13   Fri 28/02/14      Fri 28/02/14  

12. Completion of Structural Works      

13. Completion of the LIFT shaft                         X  12-12 = 0  Tue 27/05/14    Wed 07/08/13        250  Tue 10/06/14    Wed 21/08/13      250  

14. Completion of sub-structure work (main Building)  XD 14-27 = -13  Mon 22/09/14    Wed 07/08/13      351  Fri 24/10/14     Fri 23/08/13          365  

15. Completion of facial wall (main Building)               X  32-32  =  0  Mon 28/07/14    Wed 07/08/13      303  Thu 04/09/14   Mon 16/09/13      302  

16. Underground diesel Tank(Generator's house)              X 30-30  =  0  Thu 12/06/14     Wed 28/08/13       246  Fri 18/07/14    Thu 03/10/13         246  

17. Expansion Joint Treatment(Main building)               X  20-20 =  0  Thu 10/07/14    Thu 10/10/13         233  Mon 04/08/14    Mon 04/11/13    233  

  pg. B3.1                                                         1542                                                       1555  
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                  Appendix B3    CONTD.  
                óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1    

 
S/N                          ACTIVITY                                                                      DV/DAYS             START  VAR                  DAYS              FINISH VAR                 DAYS  

18. French Drain                                       XD  45 - 54 = -9  Thu 25/09/14      Tue 04/02/14      199  Tue 02/12/14     Tue 01/04/14        209  

19. Entrance Canopy (Main Building)  XD    25-45 = -20  Mon 10/11/14     Mon 07/04/14     185  Sat 03/01/15      Wed 07/05/14      206  

20. Roofing Works      

21. Screeded bed for Waterproofing     

22. Gate House  X      5-5    = 0  Mon 08/09/14     Mon 04/11/13     263  Sat 13/09/14      Mon 11/11/13       262  

23. Facility mgt. Building X      4-4    = 0  Tue 16/09/14      Wed 13/11/13     262  Sat 20/09/14      Mon 18/11/13       262  

24. Generator House                             X      7-7    = 0  Wed 24/09/14     Wed 20/11/13      263  Thu 02/10/14    Thu 28/11/13         263  

25. Main Building  X   30 - 30 = 0  Tue 27/05/14    Fri 29/11/13           152  Wed 02/07/14      Mon 06/01/14    152 

26. Installation of Waterproofing(Felting)      

27. Gate House  X       6 - 6 = 0  Mon 21/07/14    Thu 23/01/14       152  Mon 28/07/14      Thu 30/01/14     152  

28. Facility mgt. Building  X       5 -5  = 0  Tue 29/07/14     Fri 31/01/14          152  Mon 04/08/14      Thu 06/02/14      152  

29. Generator House                                X       8 - 8 = 0  Thu 02/10/14     Wed 12/02/14       198  Mon 13/10/14      Fri 21/02/14        199  

30. Main Building  XD  30 -70 = - 40  Tue 27/05/14     Mon 24/02/14         72  Thu 21/08/14      Wed 02/04/14      120  

31. Finish Works     

32. Partition Blocks      

33. Basement  X     14-14 = 0  Tue 27/05/14     Wed 07/08/13       250  Thu 12/06/14        Fri 23/08/13        250  

34. Ground Floor  XD  20 - 48 = - 28  Tue 27/05/14     Wed 07/08/13       250  Fri 20/06/14          Fri 04/10/13       221  
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                Appendix B3      CONTD.  
               óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1    

 
S/N                 ACTIVITY                                                                      DV/DAYS            START   VAR                  DAYS             FINISH VAR                DAYS 

35. 1st Floor                                                     XD  20 - 36 = -16  Tue 27/05/14    Wed 07/08/13       250 Fri 20/06/14      Fri 20/09/13         233  

36. 2nd Floor  X    28 - 28 = 0  Thu 05/06/14    Thu 05/09/13        233  Thu 10/07/14     Thu 10/10/13      233  

37. Rendering (Wall & Soffit)      

38. Basement  X   15 - 15 = 0  Tue 27/05/14     Wed 07/08/13       234  Fri 13/06/14       Mon 26/08/13    249  

39. Ground Floor  X   30 - 30 = 0  Fri 20/06/14      Sat 05/10/13         220  Mon 28/07/14    Tue 12/11/13     220 

40. 1st Floor                                                                                                                 X  20 ï 20 = 0  Fri 20/06/14      Fri 20/09/13           233  Tue 15/ 07/14      Tue 15/10/13     233  

41. 2nd Floor  X   15 - 15 = 0  Tue 15/07/14     Tue 15/10/13        233  Sat 02/08/14      Sat 02/11/13        233  

42. External Main Building  X   56 - 56 =  0  Mon 04/08/14     Mon 04/11/13      233  Mon 13/10/14   Mon 13/01/14     233  

43. Wall & Floor Tiling      

44. Internal Floor & Walls      

45. Delivery of Tiles (ceramic, Granite, Marble)   X   5 - 5 = 0  Mon 30/06/14     Thu 12/12/13       170  Fri 04/07/14      Thu 19/12/13       168 

46. Gate House  XD 12 - 25 = -13  Sat 05/07/14       Thu 19/12/13      170  Tue 05/08/14    Thu 02/01/14       183 

47. Facility mgt. Building                         XD 10 - 20 = - 10  Sat 05/07/14       Thu 19/12/13       169 Wed 30/07/14   Tue 31/12/13      180  

48. Basement  XD  5 - 10 = - 5  Fri 01/08/14       Thu 02/01/14       180  Thu 14/08/14     Thu 09/01/14     185  

49. Ground Floor  X  85 - 85 = 0 Tue 05/08/14      Thu 02/01/14      183  Wed 19/11/14    Fri 18/04/14       183  

50. 1st Floor                                                                                 X  45 - 45 = 0  Sat 25/10/14       Tue 25/03/14       183  Fri 19/12/14        Tue 20/05/14     182  

51. 2nd Floor  X  25 - 25 = 0  Mon 08/12/14     Wed 07/05/14      183  Thu 08/01/15       Sat 07/06/14      183  
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                Appendix B3     CONTD.            
              óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1 

 
S/N              ACTIVITY                                                                    DV/DAYS                  START   VAR              DAYS                 FINISH VAR               DAYS  

52. Decoration of wall for Banking Hall                                                           X   7 - 7    = 0  Thu 05/02/15       Fri 05/09/14           130  Fri 13/02/15       Sat 13/09/14         130  

53. BASF MASTERTOP Epoxy Resin flooring     

54. Facility mgt. Building  X   7 - 7     = 0  Tue 27/01/15       Wed 07/08/13        460  Wed 04/02/15     Thu 15/08/13      460  

55. Basement  X   56 - 56 = 0  Mon 04/08/14      Mon 04/11/13        233  Mon 13/10/14     Mon 13/01/14     233  

56. Ground floor  X   45 - 45 = 0  Wed 24/09/14      Wed 25/12/13       233  Wed 19/11/14      Wed 19/02/14     233  

57. 1st Floor                                                            X  21 ï 21 = 0  Fri 07/11/14         Thu 06/02/14         234  Wed 03/12/14      Wed 05/03/14     233  

58. 2nd Floor  X   14 - 14 = 0  Tue 02/12/14      Mon 03/03/14        234  Thu 18/12/14      Wed 19/03/14      234  

59. Raised Floor Panels     

60. Delivery of Raised floor  X    5 - 5   = 0  Thu 09/10/14     Thu 12/12/13          257  Wed 15/10/14     Thu 19/12/13       257  

61. Ground Floor  X   14 - 14 = 0  Thu 01/01/15      Thu 19/06/14          167  Mon 19/01/15     Mon 07/07/14     167  

62. 1st Floor                                                                                                                                                                    X  28 - 28  = 0  Wed 28/01/15      Tue 08/07/14         174  Wed 04/03/15      Mon 11/08/14      175  

63. 2nd Floor  X    40 - 40 = 0  Sat 07/02/15        Thu 17/07/14        169  Mon 30/03/15      Thu 04/09/14       169  

64. External wall Tilling      

65. Delivery of Tiles  X    4 - 4   = 0  Mon 04/08/14      Thu 12/12/13        200  Thu 07/08/14       Wed 18/12/13      200  

66. Gate House  X  14 - 14  = 0  Fri 08/08/14         Wed 18/12/13       200  Tue 26/08/14       Fri 03/01/14         200  

67. Facility mgt. Building                                        X  10 - 10  = 0  Tue 26/08/14       Fri 03/01/14           200  Sat 06/09/14        Thu 16/01/14      200  

68. Back Elevation(Main Building)  X   20 - 20  = 20  Thu 11/09/14        Fri 03/01/14         214  Mon 06/10/14       Wed 29/01/14    214  
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             Appendix B3     CONTD.  
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1      

 
S/N                   ACTIVITY                                                                        DV/DAYS             START  VAR          DAYS           FINISH VAR          DAYS  

69. Right Elevation                          X    30 - 30 = 0  Sat 06/09/14        Thu 16/01/14        199  Tue 14/10/14       Sat 22/02/14          199  

70. Left Elevation  X    30 - 30 = 0  Mon 06/10/14      Wed 29/01/14       213  Wed 12/11/14     Fri 07/03/14           213  

71. Front Elevation                             X    40 - 40 = 0  Tue 14/10/14       Sat 22/02/14         199  Wed 03/12/14     Mon 14/04/14        199  

72. Courtyard at Bullion Area  X    15 - 15 = 0  Wed 12/11/14      Fri 07/03/14         213  Mon 01/12/14     Wed 26/03/14        213  

73. External Alucobond     

74. Delivery of Alucobond  X   5 - 5   = 0  Tue 05/08/14       Thu 12/12/13        201  Mon 11/08/14     Thu 19/12/13         200  

75. Gate House  X  21- 21 = 0  Tue 26/08/14        Sat 11/01/14        193  Sat 20/09/14       Thu 06/02/14         193  

76. Facility mgt. Building  X   7 - 7   = 0  Sat 06/09/14       Sat 11/01/14           203  Mon 15/09/14     Mon 20/01/14        203  

77. Back Elevation (Main Building)  X  20 - 20 = 0  Sat 20/09/14         Thu 06/02/14         193  Wed 15/10/14    Tue 04/03/14          192  

78. Right Elevation  X  30 - 30 = 0  Mon 15/09/14       Tue 21/01/14         202  Wed 22/10/14       Wed 26/02/14      203  

79. Left Elevation                                        X  30 - 30 = 0  Wed 15/10/14       Tue 04/03/14         192  Fri 21/11/14        Thu 10/04/14        192  

80. Front Elevation  X 40-40 = 0  Wed 22/10/14       Wed 26/02/14        203  Thu 11/12/14        Thu 17/04/14        203  

81.            

82. Doors & Windows                                                                                           

83. Doors & Windows Sub-Frames     

84. Delivery of Frames  X    3 - 3 = 0  Thu 24/07/14        Thu 12/12/13         191  Mon 28/07/14       Tue 17/12/13       191  

85. Gate House    X     5-5 = 0  Mon 28/07/14       Tue 17/12/13          191  Sat 02/08/14          Mon 23/12/13      191  
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           Appendix B3   CONTD.  
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1          

 
S/N        ACTIVITY                                                                    DV/DAYS              START   VAR            DAYS             FINISH VAR                 DAYS  

86. Facility mgt. Building       X    3 - 3 = 0  Mon 28/07/14   Tue 17/12/13       190  Thu 31/07/14    Fri 20/12/13          190  

87. Basement  X   2 - 2  = 0  Mon 28/07/14   Tue 17/12/13       190  Wed 30/07/14   Thu 19/12/13         164  

88. Ground Floor  X 14 - 14 = 0  Mon 28/07/14   Tue 17/12/13      190  Thu 14/08/14    Thu 02/01/14         190  

89. 1st Floor              X 10 - 10 = 0  Mon 28/07/14   Tue 17/12/13      190  Fri 08/08/14      Sat 28/12/13          190  

90. 2nd Floor  X    5 - 5 = 0  Fri 08/08/14      Sat 28/12/13      190  Fri 15/08/14      Fri 03/01/14          190  

91. Chubb Doors & metal Gates     

92. Delivery of Doors  X    2 - 2 = 0  Tue 27/05/14   Wed 07/08/13      250  Wed 28/05/14    Thu 08/08/13        250 

93. Basement  X  18 - 18 = 0  Thu 29/05/14    Mon 13/01/14     116  Fri 20/06/14       Tue 04/02/14       116  

94. Ground Floor  XD 15 - 21 = - 6  Fri 20/06/14     Mon 13/01/14      135  Wed 09/07/14     Fri 07/02/14        129  

95. 1st Floor                          XD 10 - 8  =  2  Wed 09/07/14   Fri 07/02/14       129  Mon 21/07/14     Tue 18/02/14       130  

96. 2nd Floor  XD 10 - 3 = 7  Mon 21/07/14    Tue 18/02/14     130  Sat 02/08/14       Fri 21/02/14        138  

97. Metal grill Gates     

98. Fabrication  X 20 - 20 = 0  Mon 11/08/14    Thu 12/12/13     206  Thu 04/09/14      Tue 07/01/14       205  

99. Ground Floor  X  21 - 21= 0  Mon 13/10/14    Mon 13/01/14    233  Fri 07/11/14        Fri 07/02/14        233  

100. 1st Floor                                                                                                                                                                                                                                                            X    8 - 8 = 0  Fri 07/11/14       Fri 07/02/14      233  Tue 18/11/14      Tue 18/02/14        233  

101.                                                                                                                                                                                                            
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               Appendix B3     CONTD.  
            óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1     

 
S/N        ACTIVITY                                                                     DV/DAYS              START   VAR            DAYS                FINISH VAR        DAYS  

102. Wooden Flush & Aluminium Door     

103. Delivery of Doors  X    4 - 4 = 0  Mon 21/07/14   Thu 12/12/13       188  Thu 24/07/14   Wed 18/12/13    188  

104. Gate House  X    8 - 8 = 0  Tue 05/08/14    Thu 02/01/14       183  Fri 15/08/14     Mon 13/01/14    183  

105. Facility mgt. Building  X    5 - 5 = 0  Wed 30/07/14   Tue 31/12/13       180  Tue05/08/14     Tue07/01/14      180  

106. Basement                                      X   2 - 2 = 0  Thu 14/08/14    Thu 09/01/14       185  Sat 16/08/14     Sat 11/01/14      185  

107. Ground Floor  X  35 ï 35 = 0  Mon 19/01/15   Tue 08/07/14       166  Tue 03/03/15    Wed 20/08/14    166  

108. 1st Floor  X  15 ï 15 = 0  Wed 04/03/15    Mon 11/08/14    175  Mon 23/03/15   Fri 29/08/14      175  

109. 2nd Floor                                       X 10 ï 10 = 0  Mon 30/03/15    Fri 05/09/14      175  Fri 10/04/15     Wed 17/09/14    175  

110. Ironmongery     

111. Delivery of Accessories  X  3 - 3  = 0  Mon 28/07/14   Thu 12/12/13       200  Wed 30/07/14    Tue 17/12/13    200  

112. Gate House  X  3 - 3 = 0  Sat 16/08/14     Tue 14/01/14       183  Wed 20/08/14    Fri 17/01/14     183  

113. Facility mgt. Building  X  2 - 2  = 0  Tue 05/08/14     Tue 07/01/14      179  Thu 07/08/14     Thu 09/01/14    179  

114. Basement                                 XD  3 - 2 = 1  Thu 07/08/14     Wed 07/08/13    312  Mon 11/08/14    Thu 08/08/13   320  

115. Ground Floor  X 12 - 12 = 0  Mon 19/01/15    Tue 08/07/14     317  Tue 03/02/15      Tue 22/07/14   317  

116. 1st Floor  X  7 - 7  = 0  Wed 04/03/15    Mon 11/08/14    175  Fri 13/03/15       Wed 20/08/14  175  

117. 2nd Floor                                                                                                                                                                          X  4 - 4  =  0  Fri 10/04/15      Wed 17/09/14     175  Wed 15/04/15     Tue 23/09/14   175  
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              Appendix B3         CONTD.  

            óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1        
 
S/N                    ACTIVITY                                                                       DV/DAYS                START   VAR                   DAYS                FINISH VAR         DAYS  

118. Aluminium Windows/Cutting wall                            

119. Delivery of Frames & Glazing  X    3 - 3   = 0  Wed 09/07/14   Thu 12/12/13        178  Fri 11/07/14       Tue 17/12/13       178  

120. Gate House  X   14 - 14 = 0  Sat 12/07/14     Tue 17/12/13        177  Wed 30/07/14     Thu 02/01/14       177  

121. Facility mgt. Building  X   10 - 10 = 0  Sat 12/07/14     Tue 17/12/13        177  Thu 24/07/14      Sat 28/12/13        177  

122. Basement                                 X     2 - 2  = 0 Thu 24/07/14    Sat 28/12/13         177  Mon 28/07/14     Tue 31/12/13       177  

123. Ground Floor  X   65 - 65 = 0  Mon 28/07/14   Tue 31/12/13        178  Thu 16/10/14      Fri 21/03/14        178  

124. 1st Floor                                                     X   45 - 45 = 0  Thu 16/10/14    Sat 22/03/14         177  Thu 11/12/14      Fri 16/05/14        177  

125. 2nd Floor  X   42 - 42 = 0  Thu 11/12/14    Sat 17/05/14         177  Mon 02/02/15     Tue 08/07/14       177  

126. Steel Burglar Proofing     

127. Fabrication  X   84 - 84 = 0  Tue 27/05/14    Thu 12/12/13         141  Mon 08/09/14     Thu 27/03/14       141  

128. Ground Floor  X   45 - 45 = 0  Tue 16/09/14    Thu 27/03/14         147  Mon 10/11/14     Thu 22/05/14       147  

129. 1st Floor                                                                  X   25 - 25 = 0  Fri 05/12/14     Mon 12/05/14        177  Mon 05/01/15     Wed 11/06/14      177  

130.                                                                   

131. Suspended Ceiling     

132. Delivery of Materials  X    2 - 2   = 0  Mon 04/08/14   Thu 12/12/13         200  Tue 05/08/14      Mon 16/12/13     200  

133. Gate House  X  14 ï 14 = 0  Wed 06/08/14   Thu 02/01/14         184  Fri 22/08/14        Mon 20/01/14     184  

134.  Facility mgt. Building                                                                                                                                                                         X  10 - 10 = 0  Wed 06/08/14   Wed 15/01/14        173  Mon 18/08/14     Tue 28/01/14       173  
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                Appendix B3      CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1       

 
S/N        ACTIVITY                                                                       DV/DAYS                START   VAR                   DAYS                   FINISH VAR                   DAYS  

135. Basement                           X   20 - 20 = 0  Mon 18/08/14    Tue 11/02/14        160  Thu 11/09/14     Fri 07/03/14          160  

136. Ground Floor  X   56 - 56 = 0  Thu 23/10/14      Fri 11/04/14         166  Thu 01/01/15   Thu 19/06/14         166  

137. 1st Floor         X   40 - 40 = 0  Wed 10/12/14     Mon 19/05/14     125  Wed 28/01/15    Mon 07/07/14       125  

138. 2nd Floor  X   30 - 30 = 0  Fri 16/01/15       Tue 24/06/14       176  Mon 23/02/15    Thu 31/07/14        176  

139. Aluminium Partitions      

140. Delivery of DEKO partition  X    3 - 3   = 0  Thu 11/09/14      Thu 12/12/13       233  Mon 15/09/14     Tue 17/12/13       233  

141. Facility mgt. Building  X    7 - 7   = 0  Mon 15/09/14     Tue 28/01/14       196  Tue 23/09/14       Wed 05/02/14     196  

142. Basement  X    7 - 7   = 0  Thu 11/09/14      Fri 07/03/14        160  Sat 20/09/14        Sat 15/03/14        160  

143. Ground Floor                                              X   10 - 10 = 0  Mon 19/01/15     Tue 08/07/14       166  Fri 30/01/15        Sat 19/07/14        166  

144. 1st Floor                                           X   18 - 18 = 0  Wed 04/03/15     Mon 11/08/14     175  Thu 26/03/15      Tue 02/09/14       175  

145. 2nd Floor                               X   28 - 28 = 0  Mon 30/03/15     Fri 05/09/14        175  Mon 04/05/15     Thu 09/10/14       175  

146. Thrisgton Partitions (Toilet)     

147. Delivery of partition                  X     1 - 1  = 0  Tue 16/09/14      Thu 12/12/13       237  Tue 16/09/14       Fri 13/12/13        237  

148. Ground Floor                               X     7 - 7  = 0  Fri 17/04/15       Wed 24/09/14      175  Sat 25/04/15       Thu 02/10/14       175  

149. 1st Floor                                           X     7 - 7  = 0  Fri 17/04/15       Wed 24/09/14      175  Thu 23/04/15     Tue 30/09/14       175  

150. 2nd Floor                                                                                                                                                                   X     3 - 3  = 0  Fri 17/04/15       Wed 24/09/14      175  Tue 21/04/15       Sat 27/09/14        175  
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                Appendix B3      CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1         

 
S/N        ACTIVITY                                                                      DV/DAYS                START   VAR                   DAYS               FINISH VAR                    DAYS  

151. Painting (Wall & Soffit)     

152. Priming of the surface     

153. Gate House                           X    7 - 7  = 0  Fri 22/08/14        Tue 21/01/14       182  Mon 01/09/14    Wed 29/01/14     182  

154. Facility mgt. Building               X    5 - 5  = 0  Mon 18/08/14     Tue 28/01/14       172  Mon 25/08/14     Mon 03/02/14    172  

155. Basement                         X  40 - 40 = 0  Thu 11/09/14      Fri 07/03/14        160  Fri 31/10/14        Fri 25/04/14      160  

156. Ground Floor                X  70 - 70 = 0  Thu 01/01/15      Thu 19/06/14       173  Mon 30/03/15     Mon 15/09/14    173  

157. 1st Floor                                     X  50 - 50 = 0  Wed 28/01/15      Tue 08/07/14       174  Wed 01/04/15     Mon 08/09/14    174  

158. 2nd Floor                     X  30 - 30 = 0  Mon 23/02/15     Thu 31/07/14       176  Wed 01/04/15     Fri 05/09/14      176  

159. First Layer     

160. Gate House                           X    5 - 5  = 0  Fri 15/08/14        Mon 13/01/14     183  Thu 21/08/14      Sat 18/01/14      183  

161. Facility mgt. Building              X    4 - 4  = 0  Tue 05/08/14       Tue 07/01/14      179  Mon 11/08/14     Sat 11/01/14      179  

162. Basement                         X  12 - 12 = 0  Fri 31/10/14        Fri 25/04/14       161  Mon 17/11/14     Mon 12/05/14    161  

163. Ground Floor                     X  22 - 22 = 0  Mon 30/03/15     Mon 15/09/14     167  Mon 13/10/14     Sat 25/04/15      167  

164. 1st Floor                                 X  12 - 12 = 0  Wed 01/04/15     Mon 08/09/14     175  Wed 15/04/15     Tue 23/09/14     175  

165. 2nd Floor  X    8 - 8  = 0  Fri 10/04/15       Wed 17/09/14      175  Tue 21/04/15      Sat 27/09/14      175  

166. Second Layer                                                                                                                                                              

167. Gate House  X     3 - 3 = 0  Thu 21/08/14      Mon 20/01/14      182  Mon 25/08/14     Wed 22/01/14    182  
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            Appendix B3    CONTD.   
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1   

 
S/N                    ACTIVITY                                                                     DV/DAYS               START   VAR              DAYS              FINISH VAR                DAYS  

168.   Facility mgt. Building   X     2 - 2  = 0  Mon 11/08/14   Sat 11/01/14          180  Wed 13/08/14    Tue 14/01/14        180  

169. Basement  X 14 ï 14 = 0  Mon 17/11/14    Mon 12/05/14      161 Wed 03/12/14    Thu 29/05/14        161  

170. Ground Floor  X 22 ï 22 = 0  Tue 07/04/15     Wed 24/09/14       165  Tue 05/05/15      Tue 21/10/14        165  

171. 1st Floor                          X 12 ï 12 = 0  Thu 16/04/15    Tue 23/09/14         175  Thu 30/04/15      Tue 07/10/14       175  

172. 2nd Floor                      X    7 - 7  = 0  Tue 21/04/15    Sat 27/09/14          175  Wed 29/04/15     Mon 06/10/14      175  

173. Services      

174. Sanitary Works     

175. Water supply Piping     

176. Ground Floor  X 23 - 23 = 0  Mon 09/06/14   Tue 24/09/13         220  Tue 08/07/14      Wed 23/10/13      220  

177. 1st Floor  X 21 - 21 = 0  Mon 09/06/14    Mon 09/09/13      233  Fri 04/07/14        Fri 04/10/13         233  

178. 2nd Floor              X 15 - 15 = 0  Thu 03/07/14     Fri 04/10/13         232  Tue 22/07/14      Wed 23/10/13      232  

179. Rain & waste Water Piping    

180. Ground Floor                  X 21 - 21 = 0  Mon 09/06/14    Tue 24/09/13        220  Fri 04/07/14        Mon 21/10/13      220  

181. 1st Floor                              X 21 - 21 = 0  Mon 09/06/14    Mon 09/09/13      233  Fri 04/07/14        Fri 04/10/13         233  

182. 2nd Floor  X 17 - 17 = 0  Fri 04/07/14       Sat 05/10/13         233  Fri 25/07/14        Sat 26/10/13        233  

183. Sanitary Accessories                                                             

184. Gate House  X 15 - 15 = 0  Fri 15/08/14       Mon 13/01/14      183  Wed 03/09/14      Fri 31/01/14        183 
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              Appendix B3     CONTD.                                 
            óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1       

 
S/N        ACTIVITY                                                                      DV/DAYS                 START   VAR                    DAYS                   FINISH VAR                 DAYS  

185.  Facility mgt. Building           X  10 - 10 = 0  Tue 05/08/14     Tue 07/01/14             179  Mon 18/08/14     Sat 18/01/14           179  

186.  Ground Floor  X  65 - 65 = 0  Sat 16/ 08/14      Sat 11/01/14             185  Wed 05/11/14     Wed 02/04/14        185  

187. 1st Floor  X  28 - 28 = 0  Tue 03/03/15      Wed 20/08/14  166  Tue 07/04/15       Wed 24/09/14        166  

188. 2nd Floor  X  20 - 20 = 0  Mon 23/03/15     Fri 29/08/14              175  Thu 16/04/15       Wed 24/09/14        175  

189. Electrical works     

190. Conduit     

191. Ground Floor                          X  45 - 45 = 0  Fri 20/06/14       Sat 05/10/13              226  Fri 15/08/14         Fri 29/11/13          226  

192. 1st Floor  X  22 - 22 = 0  Fri 20/06/14       Fri 20/09/13              233  Thu 17/07/14       Thu 17/10/13         233  

193. 2nd Floor                 X  14 - 14 = 0  Thu 10/07/14    Thu 10/10/13              233  Mon 28/07/14      Mon 28/10/13       233  

194. Cable tray & Trunking      

195. Delivery of materials                X      3 - 3 = 0  Tue 27/05/14     Thu 12/12/13             141  Thu 29/05/14       Tue 17/12/13         141  

196. Gate House  X  14 - 14 = 0  Fri 30/05/14       Tue 17/12/13            140  Tue 17/06/14        Thu 02/01/14        140  

197. Facility mgt. Building  X  10 - 10 = 0  Tue 17/06/14      Thu 02/01/14            141 Sat 28/06/14         Wed 15/01/14       141  

198. Basement                         X  21 - 21 = 0  Sat 28/06/14       Wed 15/01/14           140  Thu 24/07/14        Tue 11/02/14        140  

199. Ground Floor                         X  48 - 48 = 0  Fri 25/07/14       Tue 11/02/14            140  Tue 23/09/14        Fri 11/04/14          140  

200. 1st Floor  X  30 - 30 = 0  Tue 23/09/14      Fri 11/04/14             140  Thu 30/10/14        Mon 19/05/14       140  

201. 2nd Floor                                                                                                                                     X  17 - 17 = 0  Thu 30/10/14      Mon 19/05/14          140  Thu 20/11/14        Mon 09/06/14       140  
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            Appendix B3      CONTD.  
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1     

 
S/N        ACTIVITY                                                                    DV/DAYS              START   VAR               DAYS                 FINISH VAR              DAYS  

202. Cabling    

203. Gate House  X  14 - 14 = 0  Fri 15/08/14     Mon 13/01/14      183  Thu 30/01/14     Tue 02/09/14      183  

204. Facility mgt. Building  X 10 - 10  = 0  Tue 05/08/14    Wed 15/01/14     172  Mon 18/08/14    Tue 28/01/14      172  

205. Basement  X  21 - 21 = 0  Sat 16/08/14     Tue 11/02/14       159  Thu 11/09/14      Sat 08/03/14      159  

206. Ground Floor                 X  35 - 35 = 0  Tue 03/03/15    Wed 20/08/14     166  Wed 15/04/15     Thu 02/10/14     166  

207. 1st Floor                                                          X  20 - 20 = 0  Mon 23/03/15    Fri 29/08/14       175  Thu 16/04/15      Wed 24/09/14    175   

208. 2nd Floor                                 X  15 - 15 = 0  Fri 10/04/15      Wed 17/09/14     175  Wed 29/04/15     Mon 06/10/14    175  

209. Distribution Boards and Power points      

210. Gate House                                              X    7 - 7   = 0  Mon 01/09/14    Wed 29/01/14    183 Tue 09/09/14      Thu 06/02/14     183  

211. Facility mgt. Building  X    7 - 7   = 0  Mon 25/08/14    Mon 03/02/14    173  Tue 02/09/14      Wed 12/02/14    173  

212. Basement  X  10 - 10 = 0  Fri 31/10/14       Fri 25/04/14       161  Thu 13/11/14      Thu 08/05/14     161  

213. Ground Floor                       X  20 - 20 = 0  Mon 30/03/15    Mon 15/09/14    167  Thu 23/04/15      Thu 09/10/14     167  

214. 1st Floor                                           X  11 - 11 = 0  Wed 01/04/15    Mon 08/09/14    175  Tue 14/04/15       Mon 22/09/14   175  

215. 2nd Floor  X     7 - 7  = 0  Wed 01/04/15     Sat 06/09/14      176  Thu 09/04/15      Mon 15/09/14    176  

216. Electrical Lighting & Socket     

217. Delivery of electrical fittings      X      2 - 2 = 0  Tue 27/05/14     Thu 12/12/13      141  Wed 28/05/14      Mon 16/12/13   141  

218. Gate House  X     7 - 7  = 0  Fri 15/08/14       Mon 13/01/14    183  Sat 23/08/14        Tue 21/01/14    183  
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               Appendix B3     CONTD.                     
             óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1    

 
S/N        ACTIVITY                                                                  DV/DAYS               START   VAR                 DAYS              FINISH VAR                    DAYS  

219.  Facility mgt. Building X     7 - 7 = 0  Tue 05/08/14    Tue 07/01/14         179  Thu 14/08/14    Wed 15/01/14        179  

220. Basement  X 14 - 14 = 0  Fri 31/10/14      Fri 25/04/14          161  Tue 18/11/14     Tue 13/05/14        161  

221. Ground Floor  X 21 - 21 = 0  Mon 30/03/15   Mon 15/09/14       220  Fri 24/04/15       Fri 10/10/14          220  

222. 1st Floor                                  X 18 - 18 = 0  Wed 01/04/15   Mon 08/09/14       175  Thu 23/04/15     Tue 30/09/14        175  

223. 2nd Floor                            X 15 - 15 = 0  Fri 10/04/15      Wed 17/09/14       175  Wed 29/04/15    Mon 06/10/14       175 

224. Extra low Voltage Devices     

225. Cabling                                           X 66 - 66 = 0  Fri 31/10/14      Fri 25/04/14          161  Wed 21/01/15     Thu 17/07/14       161  

226. CCTV                                   X 42 - 42 = 0  Mon 23/02/15   Thu 31/07/14         176  Wed 15/04/15     Mon 22/09/14      176  

227. Door Access controls                 X 42 - 42 = 0  Mon 23/02/15    Thu 31/07/14        176  Wed 15/04/15     Mon 22/09/14      176  

228. Panic Buttons                       X 38 - 38 = 0  Mon 23/02/15    Thu 31/07/14        176  Fri 10/04/15        Tue 16/09/14       176 

229. Public Address system                  X 38 - 38 = 0  Mon 23/02/15    Thu 31/07/14        176  Fri 10/04/15        Tue 16/09/14       176  

230. BMS Configuration         X 55 - 55 = 0  Mon 23/02/1      Thu 31/07/14        176  Fri 01/05/15        Tue 07/10/14       176  

231. Fire Alarm Systems     

232. Cabling                                       X 56 - 56 = 0  Fri 31/10/14       Fri 25/04/14         161  Fri 09/01/15        Fri 04/07/14         161  

233. Installation of Equipment       X 30 - 30 = 0  Mon 23/02/15    Thu 31/07/14        176  Wed 01/04/15     Fri 05/09/14         176  

234. Data Transmission & IT                                      

235.  Cabling  X 55 - 55 = 0  Fri 31/10/14       Fri 25/04/14         161  Thu 08/01/15      Thu 03/07/14       161  
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             Appendix B3     CONTD.                             
           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1         

 
S/N        ACTIVITY                                                                    DV/DAYS             START   VAR       DAYS                 FINISH VAR       DAYS  

236. Installation of Equipment X    30 - 30 = 0  Mon 23/02/15   Thu 31/07/14         176  Wed 01/04/15     Fri 05/09/14       176  

237. Air Conditioning      

238. Air Ducts      

239. Basement                             X     15 - 15 = 0  Thu 10/07/14    Wed 07/08/13        288  Tue 29/07/14     Mon 26/08/13     288  

240. Ground Floor  XD   15 - 25 = - 10  Tue 29/07/14    Wed 07/08/13        304  Fri 15/08/14       Fri 06/09/13       293  

241. 1st Floor  XD   15 - 42 = - 27  Tue 29/07/14     Fri 06/09/13          278  Fri 15/08/14       Tue 29/10/13      248  

242. 2nd Floor                       XD   15 - 30 =  -15  Tue 29/07/14     Tue 29/10/13        233  Fri 15/08/14       Thu 05/12/13      216  

243. Chilled Water piping      

244. Ground Floor  XD     7 - 21 = -14  Tue 29/07/14    Wed 07/08/13        304  Wed 06/08/14     Sat 31/08/13      290  

245. 1st Floor  XD     7 - 20 = -13  Tue 29/07/14     Mon 02/09/13       282  Wed 06/08/14     Thu 26/09/13     268  

246. 2nd Floor  XD     7 - 25 = -18  Tue 29/07/14     Thu 26/09/13        261  Wed 06/08/14     Sat 26/10/13      242  

247. External Piping                     X 108 - 108 = 0  Wed 06/08/14     Mon 28/10/13     241  Thu 18/12/14      Tue 11/03/14     241  

248. Lagging/Cladding of Chiller piping   X 164 - 164 = 0  Wed 06/08/14     Fri 13/09/13        253  Wed 25/02/15     Fri 04/04/14       253  

249. Grilles & Diffusers      

250. Basement                               X    14 - 14 =  0  Thu 11/09/14      Fri 07/03/14        160  Mon 29/09/14     Tue 25/03/14     160  

251. Ground Floor                            XD  14 - 28 = -14  Tue 03/03/15      Wed 20/08/14      167  Tue 07/04/15      Wed 24/09/14    166  

252. 1st Floor                                                                                                                                        XD  14 - 18 = - 4  Mon 23/03/15     Fri 29/08/14        175  Tue 14/04/15      Mon 22/09/14    174  
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              Appendix B3    CONTD.                             
             óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1  

 
S/N          ACTIVITY                                                                     DV/DAYS              START   VAR                    DAYS              FINISH VAR                  DAYS  

253. 2nd Floor           X 18 - 18 = 0  Fri 10/04/15     Wed 17/09/14          175  Mon 04/05/15    Thu 09/10/14      175  

254. Equipments     

255. Installation of Chillers  X 10 - 10 = 0  Mon 04/08/14    Tue 08/04/14         101  Fri 15/08/14      Mon 21/04/14      101  

256. Air Handling Units      

257. Ground Floor  X  11 - 11= 0  Mon 21/07/14     Tue 15/04/14          82  Sat 02/08/14      Mon 28/04/14       82  

258. 1st Floor  X  4 - 4    = 0  Sat 02/08/14        Tue 29/04/14          81  Thu 07/08/14     Fri 02/05/14          81  

259. 2nd Floor                          X  3 - 3    = 0  Thu 07/08/14       Sat 03/05/14          81  Tue 12/08/14     Wed 07/05/14       81  

260. Backup/Split Units      

261. Gate House                              X 10 - 10 = 0  Thu 10/07/14       Mon 23/12/13      170  Tue 22/07/14     Fri 03/01/14        170  

262. Facility  X    7 - 7  = 0  Tue 22/07/14       Fri 03/01/14         170  Thu 31/07/14     Mon 13/01/14     170  

263. Ground Floor  X 62 - 62 = 0  Thu 31/07/14       Mon 13/01/14      170  Thu 16/10/14     Mon 31/03/14     170  

264. 1st Floor                         X 27 - 27 = 0  Thu 16/10/14       Mon 31/03/14      170  Wed 19/11/14     Fri 02/05/14       170  

265. 2nd Floor                               X 15 - 15 = 0  Wed 19/11/14      Fri 02/05/14         171  Mon 08/12/14     Wed 21/05/14    171  

266. Lift Installation      

267. Delivery of 4No Lift               X   1 - 1   = 0  Tue 27/05/14       Sat 18/01/14         109  Tue 27/05/14      Fri 31/01/14       109  

268. Lift for ten Passengers (2 No)     

269. Cables and Guides                   X 28 - 28 = 0  Tue 03/06/14       Fri 31/01/14         104  Mon 07/07/14     Thu 06/03/14     104  

           pg. B3.16                                                                                                                                                            1584                                                                                     1584                                                        

              



387 
 

 

            Appendix B3      CONTD.  

           óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1    
 
S/N           ACTIVITY                                                                     DV/DAYS               START   VAR                    DAYS               FINISH VAR                         DAYS  

270. Motors                            X    28 - 28 = 0  Mon 07/07/14    Fri 07/03/14         103  Mon 11/08/14     Thu 10/04/14          103  

271. Cabin   X    28 - 28 = 0  Mon 11/08/14    Thu 10/04/14        104  Mon 15/09/14     Thu 15/05/14          104  

272. Lift for Goods      

273. Cables and Guides  X    12 - 12 = 0  Mon 15/09/14    Thu 15/05/14        104  Tue 30/09/14      Fri 30/05/14           104 

274. Motors  X    10 - 10 = 0  Tue 30/09/14     Fri 30/05/14         104  Mon 13/10/14     Thu 12/06/14          104  

275. Cabin                                          X    14 - 14 = 0  Mon 13/10/14    Thu 12/06/14        104  Wed 29/10/14     Mon 30/06/14        104  

276. Lift for Goods/ Cargo     

277. Cables and Guides  X    14 - 14 = 0  Mon 13/10/14    Thu 12/06/14        104 Wed 29/10/14     Mon 30/06/14        104  

278. Motors  X    10 - 10 = 0  Wed 29/10/14    Mon 30/06/14      103  Tue 11/11/14       Fri 11/07/14          103  

279. Cabin                                X    14 - 14 = 0  Tue 11/11/14     Fri 11/07/14          104 Fri 28/11/14        Tue 29/07/14         104  

280. Fire Fighting                                   

281. Sprinklers Piping     

282. Delivery of pipes           X      3 - 3  = 0  Tue 08/07/14     Thu 12/12/13        177  Thu 10/07/14      Tue 17/12/13          177  

283. Basement                    X    28 - 28 = 0  Fri 11/07/14      Tue 17/12/13         176  Thu 14/08/14      Mon 20/01/14         176  

284. Ground Floor                       X    56 - 56 = 0  Thu 14/08/14    Tue 21/01/14        175  Thu 23/10/14      Mon 31/03/14         175  

285. 1st Floor                                                                           X    38 - 38 = 0  Thu 23/10/14     Mon 31/03/14       176  Wed 10/12/14     Fri 16/05/14           176  

286. 2nd Floor  X    30 - 30 = 0  Wed 10/12/14    Sat 17/05/14        176  Fri 16/01/15       Tue 24/06/14          176  
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               Appendix B3    CONTD.                                                  
             óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1    

 
S/N            ACTIVITY                                                                     DV/DAYS  START   VAR                  DAYS  FINISH VAR             DAYS  

287. Fittings           X 15 - 15 = 0  Fri 10/04/15    Wed 17/09/14     175 Wed 29/04/15   Mon 06/10/14      175  

288. Extinguishers     

289. Gate House  X    1 - 1 = 0  Thu 21/08/14   Mon 20/01/14    182  Fri 22/08/14     Mon 20/01/14       182  

290. Facility mgt. Building  X    1 - 1 = 0  Thu 21/08/14   Mon 20/01/14    182  Fri 22/08/14     Mon 20/01/14       182  

291. Basement  X    2 - 2 = 0  Mon 17/11/14   Mon 12/05/14   161  Wed 19/11/14   Wed 14/05/14      161  

292. Ground Floor         X    5 - 5 = 0  Sat 25/04/15    Mon 13/10/14    166 Fri 01/05/15      Sat 18/10/14       166  

293. 1st Floor                              X    2 - 2 = 0  Thu 16/04/15   Tue 23/09/14     175  Fri 17/04/15      Thu 25/09/14       175  

294. 2nd Floor                 X    1 - 1 = 0  Tue 21/04/15   Sat 27/09/14       175  Wed 22/04/15    Mon 29/09/14     175  

295. FM 200 Gas System For Fire Suppression     

296. Delivery of pipes     X    5 - 5 = 0  Tue 27/05/14   Thu 12/12/13     140  Mon 02/06/14    Thu 19/12/13      140  

297. Ground Floor                   X 28 - 28 = 0  Mon 02/06/14   Thu 19/12/13    140  Mon 07/07/14    Wed 22/01/14     140  

298. 1st Floor  X 56 - 56 = 0  Mon 02/06/14   Thu 19/12/13    140  Mon 11/08/14    Wed 26/02/14     140  

299. 2nd Floor                                                                                                                                                                                         X 21 - 21 = 0  Mon 02/06/14   Thu 19/12/13    140  Fri 27/06/14      Tue 14/01/14       140 

300. Fittings                     X 25 - 25 = 0  Fri 10/04/15     Wed 17/09/14    175  Tue 12/05/15     Sat 18/10/14       175  

301. External works     

302. Civil Work      

303. Ground Level Water Tanks  X 12 - 12 = 0  Thu 09/10/14    Fri 01/08/14       58  Thu 23/10/14     Fri 15/08/14         58  
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            Appendix B3     CONTD.     
          óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1   

 
S/N        ACTIVITY                                                                       DV/DAYS                START   VAR                   DAYS  FINISH VAR             DAYS   

304.  Roof Water Tank       X    8 - 8  = 0  Thu 21/08/14     Wed 02/04/14       119 Mon 01/09/14     Sat 12/04/14        119  

305. Water Treatment Plants  X  15 ï 21 = - 6  Thu 21/08/14     Mon 20/01/14       182 Tue 09/09/14       Fri 14/02/14        176  

306. Bore hole Installation X  14 - 14 = 0  Mon 22/09/14    Tue 15/07/14         58  Wed 08/10/14      Fri 01/08/14          58  

307. Septic Tank & Soakaway pit    X  28 - 28 = 0  Mon 22/09/14    Tue 15/07/14         58  Sat 25/10/14       Tue 19/08/14         58  

308. Inspection Chamber            X  56 - 56 = 0  Mon 22/09/14    Tue 15/07/14          58  Sat 29/11/14       Tue 23/09/14         58  

309. Filling Station     

310. Underground fuel pump  X  14 - 14 = 0  Wed 07/08/13    Wed 07/08/13           0  Fri 23/08/13       Fri 23/08/13            0  

311. Fuel Tank with conveyor belt  XD 25 - 4  = - 21  Tue 03/06/14     Wed 07/08/13       256  Thu 03/07/14      Mon 12/08/13      278  

312. Super Structure  X  36 - 36 = 0  Mon 22/09/14    Mon 12/08/13      347  Wed 05/11/14     Wed 25/09/13      347  

313. Pumps and Piping                               X  30 - 30 = 0  Wed 05/11/14    Wed 25/09/13       347  Fri 12/12/14        Fri 01/11/13        347  

314. Electrical fittings             X     7 - 7  = 0  Mon 24/11/14     Fri 01/11/13        331  Tue 02/12/14       Mon 11/11/13     331  

315. Fire Fighting     

316. Extinguishers                         X  16 - 16 = 0  Tue 21/04/15     Sat 27/09/14        175  Mon 11/05/15      Fri 17/10/14        175  

317. Hydrants  XD  45 - 65 = -20  Mon 22/09/14     Tue 15/07/14         58  Sat 15/11/14        Fri 03/10/14          32  

318. Hosereel                                   XD 30 - 44 = -14  Sat 02/08/14       Sat 02/11/13        233   Tue 09/09/14      Fri 27/12/13        218   

319. Fire pumps  XD 15 - 28 = -13  Sat 02/08/14      Mon 20/01/14       166  Thu 21/08/14      Sat 22/02/14         153  
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              Appendix B3    CONTD.                
            óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1       

 
S/N        ACTIVITY                                                                        DV/DAYS                 START   VAR              DAYS  FINISH VAR             DAYS  

320. Landscaping & Civil Works       

321. Flood Water Drainages  XD  94 - 12 = -28  Tue 09/09/14   Wed 23/10/13    274  Fri 02/01/15    Mon 24/03/14     242  

322.  Filling & Compaction of Site (Earthworks)  X   84 - 84 = 0  Tue 10/06/14   Tue 01/04/14       59 Mon 22/09/14   Tue 15/07/14       59  

323. Interlocking tiles for Walkway  X   56 - 56 = 0  Sat 03/01/15    Mon 24/03/14    244  Fri 13/03/15     Sat 31/05/14       244  

324. Concrete Driveways                                                                          X 120 - 120 = 0  Sat 03/01/15    Mon 24/03/14    244  Tue 02/06/15   Wed 20/08/14     244  

325. Green Areas                                                      X    75 - 75 = 0  Sat 03/01/15    Mon 24/03/14    244  Tue 07/04/15    Wed 25/06/14    244  

326. Electricity      

327. Delivery of Transformer & Panels                    X   16 - 16 = 0  Tue 27/05/14   Fri 28/02/14         74  Mon 16/06/14   Thu 20/03/14      74  

328. Low & High Voltage Panel  X   36 - 36 = 0  Mon 16/06/14  Thu 20/03/14       74  Wed 30/07/14    Mon 05/05/14    74  

329. Generators  X     7 ï 7  = 0  Mon 16/06/14  Thu 20/03/14       74  Tue 24/06/14    Fri 28/03/14        74  

330. Transformer                                                                   X   10 - 10 = 0  Mon 16/06/14   Thu 20/03/14      74  Fri 27/06/14     Wed 02/04/14      74  

331. External Cabling (Armoured)  X   40 - 40 = 0  Fri 27/06/14     Wed 02/04/14      73  Sat 16/08/14    Wed 21/05/14       73  

332. External LIGHTING (Poles and fittings)  X   61 - 61 = 0  Mon 08/12/14   Tue 25/02/14    244  Sat 21/02/15    Mon 12/05/14     244  

333. PHCN Power connection                                                                                                                                                                                                                                X   35 - 35 = 0  Sat 16/08/14     Wed 21/05/14     74  Mon 29/09/14   Fri 04/07/14        74  
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             Appendix B3     CONTD.   
            óAs-Builtô and óAs-Plannedô Schedule Variance for Baseline Plan A1 of Case Project 1  

 
S/N        ACTIVITY                                                                         DV/DAYS             START   VAR                     DAYS                          FINISH VAR            DAYS  

334. Fence                                                                                                                

335. Fence Structure (Type C)  X   21 ï 21 = 0  Fri 01/05/15     Sat 19/07/14          247  Wed 27/05/15     Thu 14/08/14       247  

336. Concertina barbed Wire  X   14 ï 14  = 0  Tue 02/06/15    Wed 20/08/14        244  Thu 18/06/15       Fri 05/09/14        244  

337. Fence Grills and Gates   X   46 - 46  = 0  Mon 22/09/14   Tue 15/07/14           58  Tue 18/11/14       Wed 10/09/14       58  

338. Painting                                                     X   40 - 40  = 0  Tue 07/04/15    Wed 25/06/14        244  Tue 26/05/15       Wed 13/08/14     244  

339. Decorations and Furniture  X   20 - 20  = 0  Fri 03/04/15     Thu 18/09/14         168  Tue 28/04/15       Tue 14/10/14       168  

340. Test Running  X       7 - 7  = 0  Thu 11/06/15    Sat 18/10/14          201  Fri 19/06/15        Mon 27/10/14      201  

341. Completion & Hand/over                                                                                                                                   X       1 ï 1 = 0  Fri 19/06/15      Tue 28/10/14         200 Sat 20/06/15       Tue 28/10/14        200  

                pg. B3.21                                                        1362                                                                                1362                                                                       

  
 

 
 
 

 
 

 
 
 

 
 

 
 



392 
 

 

                    Appendix B4     
            óAs-Plannedô Schedule for Baseline Plan B 18(1) of Case Project 1          

 
S/N                     ACTIVITY                                                                     D/DAYS   START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

1. COMPLETION OF THE PROJECT                                        

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing / fire fighting  12   Thu 08/08/13      Thu 22/08/13   SNET  

4. Pre-shipment Inspection of Chillers & AHU  12   Tue 12/11/13      Tue 26/11/13   SNET  

5. Pre-shipment Inspection of Lift  6   Sat 21/09/13      Sat 28/09/13   SNET  

6. Pre-shipment Inspection of Transformers & Panels          6   Fri 01/11/13      Fri 08/11/13   SNET  

7. Shipment for finishing / fire fighting  90  Thu 22/08/13      Thu 12/12/13  3  ALAP  

8. Shipment of electrical fittings  90   Thu 22/08/13      Thu 12/12/13  7SS  ASAP  

9. Shipment of Chillers & AHU                                                107   Tue 26/11/13      Tue 08/04/14  4 ASAP  

10. Shipment Inspection of Lift                                         90   Sat 28/09/13      Sat 18/01/14  5 ASAP  

11. Shipment Inspection of Transformers & Panels                        90   Wed 05/03/14      Wed 25/06/14  6 ALAP  

12. Completion of Structural Works       

13. Completion of the LIFT shaft                                                12  Wed 07/08/13      Wed 21/08/13   ASAP  

14. Completion of sub-structural work (main Building)  14  Wed 07/08/13      Fri 23/08/13   ASAP  

15. Completion of facial wall (main Building)                      32  Wed 07/08/13      Mon 16/09/13   ASAP  

16. Underground diesel Tank(Generator's house)                        30  Wed 28/08/13      Thu 03/10/13   SNET  

17. Expansion Joint Treatment(Main building)                        20   Thu 10/10/13      Mon 04/11/13  36 ASAP  
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               Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1            

 
 S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

18. French Drain                                                                                                    45  Mon 24/03/14    Mon 19/05/14  69FS-15 days  ASAP  

19. Entrance Canopy (Main Building)  25       Fri 23/05/14       Tue 24/06/14  18FS+4 days  ASAP  

20. Roofing Works      

21. Screeded bed for Waterproofing     

22. Gate House  5  Mon 04/11/13     Mon 11/11/13  15FS+2 days,17  SNET  

23. Facility mgt. Building  4  Wed 13/11/13     Mon 18/11/13  22FS+2 days  SNET  

24. Generator House  7  Wed 20/11/13     Thu 28/11/13  23FS+2 days  SNET  

25. Main Building                                                                          30  Fri 29/11/13     Mon 06/01/14  24  SNET  

26. Installation of Waterproofing (Felting)      

27. Gate House                                                  6  Thu 23/01/14     Thu 30/01/14  25FS+14 days  ASAP  

28. Facility mgt. Building  5  Fri 31/01/14     Thu 06/02/14  27FS+1 day  ASAP  

29. Generator House  8  Wed 12/02/14     Fri 21/02/14  28FS+4 days,24  SNET  

30. Main Building                                                                 30  Mon 24/02/14     Wed 02/04/14  29FS+2 days  SNET  

31. Finish Works       

32. Partition Blocks     

33. Basement  14  Wed 07/08/13     Fri 23/08/13   ASAP  

34. Ground Floor  48  Wed 07/08/13     Fri 04/10/13   ASAP  
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               Appendix B4     CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1           

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

35. 1st Floor                                                                                                            36  Wed 07/08/13     Fri 20/09/13   ASAP  

36. 2nd Floor  28  Thu 05/09/13     Thu 10/10/13  35FS-12 days  ASAP  

37. Rendering (Wall & Soffit)      

38. Basement  15  Wed 07/08/13     Mon 26/08/13   ASAP  

39. Ground Floor  30  Sat 05/10/13     Tue 12/11/13  34  ASAP  

40. 1st Floor  20  Fri 20/09/13     Tue 15/10/13  35  SNET  

41. 2nd Floor                                                 15  Tue 15/10/13     Sat 02/11/13  40 ASAP 

42. External Main Building                                  56  Mon 04/11/13     Mon 13/01/14  36FS-12 days,17  ASAP  

43. Wall & Floor Tiling       

44. Internal Floor & Walls      

45. Delivery of Tiles (ceramic,Granite,Marble)  5  Thu 12/12/13     Thu 19/12/13  3FS+60 days,7  ASAP  

46. Gate House  12  Thu 19/12/13     Thu 02/01/14  45  ASAP  

47. Facility mgt. Building                                                                   10  Thu 19/12/13     Tue 31/12/13  46SS  ASAP  

48. Basement  5        Thu 02/01/14     Thu 09/01/14  47FS+2 days,38  SNET  

49. Ground Floor  85  Thu 02/01/14     Fri 18/04/14  46,176,39  SNET  

50. 1st Floor                                                              45  Tue 25/03/14     Tue 20/05/14  49FS-20 days  SNET  

51. 2nd Floor  25  Wed 07/05/14     Sat 07/06/14  50FS-10 days  SNET  
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              Appendix B4    CONTD.  

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1      
 

S/N                     ACTIVITY                                                                     D/DAYS    START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

52.  Decoration of wall for Banking Hall                 7  Fri 05/09/14   Sat 13/09/14   SNET  

53. BASF MASTERTOP Epoxy Resin flooring     

54. Facility mgt. Building  7         Wed 07/08/13   Thu 15/08/13   ASAP  

55. Basement  56  Mon 04/11/13   Mon 13/01/14  17 SNET  

56. Ground floor  45  Wed 25/12/13   Wed 19/02/14  17,55FS-15 days  SNET  

57. 1st Floor                                                                                      21  Thu 06/02/14   Wed 05/03/14  56FS-10 days  SNET  

58. 2nd Floor  14  Mon 03/03/14   Wed 19/03/14   57FS-2 days SNET  

59. Raised Floor Panels    

60. Delivery of Raised floor 5        Thu 12/12/13   Thu 19/12/13  7 ASAP  

61. Ground Floor  14 Thu 19/06/14   Mon 07/07/14  60,136  SNET  

62. 1st Floor                                                                         28  Tue 08/07/14   Mon 11/08/14  61,60,137  SNET  

63. 2nd Floor                                                                                  40  Thu 17/07/14   Thu 04/09/14 62FS-20 days SNET 

64. External wall Tilling        

65. Delivery of Tiles                                                                   4       Thu 12/12/13   Wed 18/12/13  7  ASAP   

66. Gate House  14  Mon 03/02/14   Thu 20/02/14  65 ALAP 

67. Facility mgt. Building                                                   10  Thu 20/02/14   Wed 05/03/14  66 ASAP  

68. Back Elevation (Main Building)  20  Wed 27/08/14   Mon 22/09/14 67SS,42FS-25 days  ALAP  
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                Appendix B4     CONTD.  
             óAs-Plannedô Schedule for Baseline Plan B 18(1) of Case Project 1                                                 

   
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

69.  Right Elevation                                          30  Wed 05/03/14     Fri 11/04/14  67 ASAP   

70. Left Elevation  30  Mon 22/09/14     Tue 28/10/14  68 ALAP 

71. Front Elevation                                       40  Fri 11/04/14     Fri 30/05/14  69 ASAP  

72. Courtyard at Bullion Area  15  Wed 29/10/14     Mon 17/11/14  70 ASAP  

73. External Alucobond     

74. Delivery of Alucobond  5  Thu 12/12/13     Thu 19/12/13  7 ASAP  

75. Gate House  21  Sat 11/01/14     Thu 06/02/14  74,27FS-15 days  ASAP 

76. Facility mgt. Building                                               7  Sat 11/01/14     Mon 20/01/14  75SS  ASAP  

77. Back Elevation(Main Building) 20  Thu 06/02/14     Tue 04/03/14  75 ASAP  

78. Right Elevation  30  Tue 21/01/14     Wed 26/02/14  76 ASAP  

79. Left Elevation                                      30 Tue 04/03/14     Thu 10/04/14  77 ASAP  

80. Front Elevation                                                 40  Tue 09/09/14     Tue 28/10/14  78 ALAP  

81.     

82. Doors & Windows     

83.  Doors & Windows Sub-Frames     

84. Delivery of Frames                                      3     Thu 12/12/13     Tue 17/12/13  7 SNET  

85. Gate House                                       5  Tue 17/12/13    Mon 23/12/13  84 SNET   
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              Appendix B4    CONTD.  

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1   
 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

86. Facility mgt. Building                                     3 Tue 17/12/13    Fri 20/12/13  84 SNET  

87. Basement  2 Tue 17/12/13    Thu 19/12/13  33,84  SNET  

88. Ground Floor 14 Tue 17/12/13    Thu 02/01/14  87SS  SNET  

89. 1st Floor                                                                       10 Tue 17/12/13    Sat 28/12/13  35,84  SNET  

90. 2nd Floor                                                            5         Wed 22/10/14    Tue 28/10/14  89,36  ALAP  

91. Chubb Doors & metal Gates     

92. Delivery of Doors  2 Wed 07/08/13    Thu 08/08/13   ASAP  

93. Basement 18 Mon 13/01/14    Tue 04/02/14  55  SNET  

94. Ground Floor  21 Mon 13/01/14    Fri 07/02/14  93SS  SNET  

95. 1st Floor                                                          8 Fri 07/02/14    Tue 18/02/14  94  SNET  

96. 2nd Floor                                                3 Fri 24/10/14    Tue 28/10/14  95 ALAP  

97. Metal grill Gates     

98. Fabrication                                             20 Thu 12/12/13    Tue 07/01/14  7 ASAP  

99. Ground Floor                                            21 Mon 13/01/14    Fri 07/02/14  55 SNET  

100. 1st Floor                                                        8 Fri 07/02/14    Tue 18/02/14  99 SNET  

101.     
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               Appendix B4      CONTD.  

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1       
  
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

102.  Wooden Flush & Aluminium Door                                                                        

103. Delivery of Doors 4 Thu 12/12/13     Wed 18/12/13 7  ASAP  

104. Gate House  8 Thu 02/01/14     Mon 13/01/14  46 ASAP  

105. Facility mgt. Building  5 Tue 31/12/13     Tue 07/01/14  47 ASAP  

106. Basement                                    2 Thu 09/01/14     Sat 11/01/14  48  ASAP  

107. Ground Floor  35 Tue 08/07/14     Wed 20/08/14  49,61  FNET  

108. 1st Floor  15 Fri 05/09/14     Wed 24/09/14  50,62  ALAP  

109. 2nd Floor                                   10 Fri 05/09/14     Wed 17/09/14  51,63  SNET  

110. Ironmongery        

111. Delivery of Accessories  3 Thu 12/12/13     Tue 17/12/13  7 ASAP  

112. Gate House  3 Tue 14/01/14     Fri 17/01/14  104FS+1 day  ASAP  

113. Facility mgt. Building  2 Tue 07/01/14     Thu 09/01/14  105  ASAP  

114. Basement                                              2 Wed 07/08/13     Thu 08/08/13   ASAP  

115. Ground Floor  12 Tue 08/07/14     Tue 22/07/14  107SS  ASAP  

116. 1st Floor                                                   7 Fri 05/09/14     Sat 13/09/14  108SS  ASAP  

117. 2nd Floor  4 Thu 23/10/14     Tue 28/10/14  109  ALAP  
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               Appendix B4     CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1       

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

118. Aluminium Windows/Cutting wall                                         

119. Delivery of Frames & Glazing  3 Thu 12/12/13      Tue 17/12/13  7  ASAP  

120. Gate House  14 Tue 17/12/13      Thu 02/01/14  119 ASAP 

121. Facility mgt. Building  10 Tue 17/12/13      Sat 28/12/13  120SS  ASAP  

122. Basement                                                                                                     2 Tue 11/03/14      Thu 13/03/14  121,38  ALAP  

123. Ground Floor  65 Thu 13/03/14      Tue 03/06/14  122,39  ASAP  

124. 1st Floor  45 Tue 03/06/14      Tue 29/07/14  123,40  ASAP  

125. 2nd Floor                                                                  42 Tue 29/07/14      Thu 18/09/14  124,41  SNET  

126. Steel Burglar Proofing      

127. Fabrication  84 Thu 12/12/13      Thu 27/03/14  7 ASAP 

128. Ground Floor  45 Fri 02/05/14      Fri 27/06/14  123FS-25 days,127  ASAP  

129. 1st Floor                                                            25 Tue 22/07/14      Fri 22/08/14  124FS-5 days  ASAP  

130.     

131. Suspended Ceiling                                                            

132. Delivery of Materials  2 Thu 12/12/13      Mon 16/12/13  7 ASAP  

133. Gate House                                                14 Thu 02/01/14      Mon 20/01/14  132,196  SNET  

134. Facility mgt. Building                                 10 Wed 15/01/14      Tue 28/01/14  133SS,197  SNET  
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              Appendix B4    CONTD.      
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1  

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

135.  Basement                              20 Tue 11/02/14    Fri 07/03/14  134,38,239,198,283  SNET  

136. Ground Floor  56 Fri 11/04/14    Thu 19/06/14  135SS+18 days,240,245,199,284  SNET  

137. 1st Floor  40 Mon 19/05/14    Mon 07/07/14  136SS,241,246,200,285  SNET  

138. 2nd Floor                                                                                                        30 Tue 24/06/14    Thu 31/07/14  137SS,242,247,201,286  SNET  

139. Aluminium Partitions      

140. Delivery of DEKO partition  3 Thu 12/12/13    Tue 17/12/13  7 ASAP  

141. Facility mgt. Building  7       Tue 28/01/14    Wed 05/02/14 140,134  SNET  

142. Basement  7  Fri 07/03/14    Sat 15/03/14  135,48  SNET  

143. Ground Floor                                                                                                   10 Tue 08/07/14    Sat 19/07/14  142,49,61  SNET  

144. 1st Floor                                             18 Mon 11/08/14    Tue 02/09/14  143,50,62  SNET  

145. 2nd Floor                                 28 Fri 05/09/14    Thu 09/10/14  144,51,63  SNET  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition                                                            1       Thu 12/12/13    Fri 13/12/13  7 ASAP  

148. Ground Floor                                                7        Sat 18/10/14    Mon 27/10/14  147,188  SNET  

149. 1st Floor                                                                             5    Sat 18/10/14    Fri 24/10/14  148SS  SNET  

150. 2nd Floor  3  Sat 18/10/14    Wed 22/10/14  149SS  SNET  
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                 Appendix B4      CONTD.                         
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1     

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

151. Painting (Wall & Soffit)                                                             

152. Priming of the surface     

153. Gate House  7 Tue 21/01/14     Wed 29/01/14  133 SNET  

154. Facility mgt. Building  5 Tue 28/01/14     Mon 03/02/14  134 ASAP  

155. Basement  40 Fri 07/03/14     Fri 25/04/14  135 ASAP  

156. Ground Floor                                         70 Thu 19/06/14     Mon 15/09/14  136  SNET  

157. 1st Floor                                                                 50 Tue 08/07/14     Mon 08/09/14   137  SNET  

158. 2nd Floor                                                       30 Thu 31/07/14     Fri 05/09/14  138  SNET  

159. First Layer     

160. Gate House                                            5 Mon 13/01/14     Sat 18/01/14  104,120  SNET  

161. Facility mgt. Building  4 Tue 07/01/14     Sat 11/01/14  105,121  SNET  

162. Basement  12 Fri 25/04/14     Mon 12/05/14  106,155,122  SNET  

163. Ground Floor                                                          22 Mon 15/09/14     Mon 13/10/14  107,156,128  SNET  

164. 1st Floor  12 Wed 24/09/14     Wed 08/10/14  108,157,129  SNET  

165. 2nd Floor                                                                                                  8 Thu 18/09/14     Mon 29/09/14  109,158,125  SNET  

166. Second Layer      

167. Gate House  3 Mon 20/01/14     Wed 22/01/14  160  SNET  
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              Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1       

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

168.  Facility mgt. Building                            2 Sat 11/01/14     Tue 14/01/14  161 ASAP  

169. Basement  14 Mon 12/05/14     Thu 29/05/14  162 ASAP  

170. Ground Floor  22 Wed 24/09/14     Tue 21/10/14  163FS-15 days  SNET  

171. 1st Floor                                  12 Wed 08/10/14     Thu 23/10/14  164 SNET  

172. 2nd Floor                       7 Mon 29/09/14     Tue 07/10/14  165  SNET  

173. Services     

174. Sanitary Works     

175. Water supply Piping     

176. Ground Floor  23 Tue 24/09/13     Wed 23/10/13  34FS-9 days  ASAP  

177. 1st Floor  21 Mon 09/09/13      Fri 04/10/13  35FS-9 days  SNET  

178. 2nd Floor                                       15 Fri 04/10/13     Wed 23/10/13  36FS-5 days  SNET  

179. Rain & waste Water Piping     

180. Ground Floor  21 Tue 24/09/13     Mon 21/10/13  176SS  SNET  

181. 1st Floor  21 Mon 09/09/13     Fri 04/10/13  177SS  SNET  

182. 2nd Floor                                                17 Sat 05/10/13     Sat 26/10/13  181,178SS  SNET  

183. Sanitary Accessories     

184. Gate House  15 Mon 13/01/14     Fri 31/01/14  104  SNET  
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                Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1     

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

185.  Facility mgt. Building                        10 Tue 07/01/14     Sat 18/01/14  105 SNET  

186. Ground Floor  65 Sat 11/01/14     Wed 02/04/14  106 SNET  

187. 1st Floor  28 Wed 20/08/14     Wed 24/09/14  107 SNET  

188. 2nd Floor                    20 Wed 24/09/14     Sat 18/10/14  108  SNET  

189. Electrical works     

190. Conduit     

191. Ground Floor  45 Sat 05/10/13     Fri 29/11/13  34 SNET  

192. 1st Floor  22 Fri 20/09/13     Thu 17/10/13  35 SNET  

193. 2nd Floor                                              14 Thu 10/10/13     Mon 28/10/13  36 ASAP  

194. Cable tray & Trunking      

195. Delivery of materials  3   Thu 12/12/13     Tue 17/12/13  7 ASAP  

196. Gate House  14 Tue 17/12/13     Thu 02/01/14  195  SNET  

197. Facility mgt. Building  10 Thu 02/01/14     Wed 15/01/14  196 SNET  

198. Basement                                                                  21 Wed 15/01/14     Tue 11/02/14  197  SNET  

199. Ground Floor  48 Tue 11/02/14     Fri 11/04/14  198  SNET  

200. 1st Floor                                    30 Fri 11/04/14     Mon 19/05/14  199 SNET  

201. 2nd Floor  17 Mon 19/05/14     Mon 09/06/14  200 SNET  

  
  



404 
 

 

              Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1)  of Case Project 1        

  
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

202. Cabling                                                                   

203. Gate House   14  Mon 13/01/14      Thu 30/01/14  104,196 SNET   

204. Facility mgt. Building  10  Wed 15/01/14      Tue 28/01/14  105,197  SNET  

205. Basement  21  Tue 11/02/14      Sat 08/03/14  106,198  SNET  

206. Ground Floor                                                             35  Wed 20/08/14      Thu 02/10/14        107,199 SNET   

207. 1st Floor                                                         20  Wed 24/09/14      Sat 18/10/14  108,200  SNET  

208. 2nd Floor                                        15  Wed 17/09/14      Mon 06/10/14  109,201  SNET  

209. Distribution Boards and Power points     

210. Gate House  7  Wed 29/01/14      Thu 06/02/14   153  SNET  

211. Facility mgt. Building  7  Mon 03/02/14      Wed 12/02/14  154 SNET  

212. Basement  10  Fri 25/04/14      Thu 08/05/14  155 SNET  

213. Ground Floor                                                                                  20  Mon 15/09/14      Thu 09/10/14  156,212SS  SNET  

214. 1st Floor   11  Mon 08/09/14      Mon 22/09/14  157  SNET  

215. 2nd Floor                                                         7  Sat 06/09/14      Mon 15/09/14  158  SNET  

216. Electrical Lighting & Socket     

217. Delivery of electrical fittings  2  Thu 12/12/13      Mon 16/12/13  8 ASAP  

218. Gate House  7  Mon 13/01/14      Tue 21/01/14  160SS,217  SNET  
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               Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1   

  
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

219.  Facility mgt. Building                              7 Tue 07/01/14     Wed 15/01/14  161SS  ASAP  

220. Basement  14 Fri 25/04/14     Tue 13/05/14  162SS  SNET  

221. Ground Floor  21 Mon 15/09/14     Fri 10/10/14  163SS  SNET  

222. 1st Floor                                     18 Wed 24/09/14     Thu 16/10/14  164SS  SNET  

223. 2nd Floor                                                       15 Thu 18/09/14     Tue 07/10/14  165SS  SNET  

224. Extra low Voltage Devices     

225. Cabling  66 Fri 25/04/14     Thu 17/07/14  155  ASAP  

226. CCTV  42 Thu 31/07/14     Mon 22/09/14  225,138  SNET  

227. Door Access controls  42 Thu 31/07/14     Mon 22/09/14  225,138  SNET  

228. Panic Buttons                                                         38 Thu 31/07/14     Tue 16/09/14  225,138  SNET  

229. Public Address system                       38 Thu 31/07/14     Tue 16/09/14  225,138  ASAP  

230. BMS Configuration               55 Thu 31/07/14     Tue 07/10/14  225,138  ASAP  

231. Fire Alarm Systems     

232. Cabling  56 Fri 25/04/14     Fri 04/07/14  155  ASAP  

233. Installation of Equipment          30 Thu 31/07/14     Fri 05/09/14  138,232  SNET  

234. Data Transmission & IT                   

235. Cabling   55 Fri 25/04/14     Thu 03/07/14  155  ASAP  
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               Appendix B4    CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1        

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

236. Installation of Equipment            30  Thu 31/07/14      Fri 05/09/14  235,138  SNET  

237. Air Conditi oning     

238. Air Ducts      

239. Basement  15 Wed 07/08/13      Mon 26/08/13   SNET  

240. Ground Floor  25 Wed 07/08/13      Fri 06/09/13   SNET  

241. 1st Floor  42 Fri 06/09/13         Tue 29/10/13  240  SNET  

242. 2nd Floor                                                                                                                                                 30 Tue 29/10/13      Thu 05/12/13  241  SNET  

243. Chilled Water piping      

244. Ground Floor  20 Wed 07/08/13      Sat 31/08/13   SNET  

245.  1st Floor  20 Mon 02/09/13      Thu 26/09/13  244  FNET  

246. 2nd Floor  25 Thu 26/09/13      Sat 26/10/13  245  FNET  

247. External Piping  108 Mon 28/10/13      Tue 11/03/14  246  SNET  

248. Lagging/Cladding of Chiller piping                                                                                                  164 Fri 13/09/13         Fri 04/04/14   FNET  

249. Grilles & Diffusers      

250. Basement  14 Fri 07/03/14         Tue 25/03/14  135,106  SNET  

251. Ground Floor  28 Wed 20/08/14      Wed 24/09/14  136,107  ASAP  

252. 1st Floor  18 Wed 24/09/14      Thu 16/10/14  137,108  ASAP  
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              Appendix B4    CONTD.  

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1             
 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

253. 2nd Floor                                      18 Wed 17/09/14       Thu 09/10/14  138,109  ASAP   

254. Equipments     

255. Installation of Chillers  10 Tue 08/04/14       Mon 21/04/14  9 ASAP  

256. Air Handling Units      

257. Ground Floor  11 Tue 15/04/14       Mon 28/04/14  9FS+5 days  SNET  

258. 1st Floor  4 Tue 29/04/14       Fri 02/05/14  257  SNET 

259. 2nd Floor                                                          3 Sat 03/05/14       Wed 07/05/14  258  SNET  

260. Backup/Split Units     

261. Gate House  10 Mon 23/12/13       Fri 03/01/14   SNET  

262. Facility  7 Fri 03/01/14       Mon 13/01/14  261  ASAP  

263. Ground Floor  62 Mon 13/01/14       Mon 31/03/14  262  SNET  

264. 1st Floor                                             27 Mon 31/03/14       Fri 02/05/14  263 SNET  

265. 2nd Floor                              15 Fri 02/05/14      Wed 21/05/14  264 SNET  

266. Lift Installation      

267. Delivery of 4No Lift                         

268. Lift for ten Passengers (2 No)                                                              

10 Sat 18/01/14      Fri 31/01/14  10 ASAP  

269. Cables and Guides                        28 Fri 31/01/14      Thu 06/03/14  267  SNET 
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               Appendix B4     CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1               

 
S/N                     ACTIVITY                                                                     D/DAYS       START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

270. Motors                                                                                         28 Tue 27/05/14       Tue 01/07/14  269  ALAP   

271. Cabin  28 Tue 01/07/14       Tue 05/08/14  270  ASAP 

272. Lift for Goods      

273. Cables and Guides  12 Tue 05/08/14       Wed 20/08/14  271  SNET  

274. Motors  10 Wed 20/08/14       Mon 01/09/14  273  ASAP  

275. Cabin                                                                                          14 Tue 02/09/14       Thu 18/09/14  274  ASAP  

276. Lift for Goods/ Cargo     

277. Cables and Guides  14 Tue 02/09/14       Thu 18/09/14  275SS  SNET  

278. Motors  10 Thu 18/09/14       Wed 01/10/14 277  ALAP  

279. Cabin  14 Wed 01/10/14       Sat 18/10/14  278  ASAP  

280. Fire Fighting        

281. Sprinklers Piping                                                 

282. Delivery of pipes  3 Thu 12/12/13       Tue 17/12/13  7 ASAP  

283. Basement                                               28 Tue 17/12/13       Mon 20/01/14  282  SNET  

284. Ground Floor                                               56 Tue 21/01/14       Mon 31/03/14  283  SNET  

285. 1st Floor                                                                        38 Mon 31/03/14       Fri 16/05/14  284  SNET  

286. 2nd Floor   30 Sat 17/05/14       Tue 24/06/14  285  ASAP  
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               Appendix B4     CONTD.  

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1               
  
S/N                      ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

287.  Fittings                                                                                         15  Wed 17/09/14       Mon 06/10/14  138,109  ASAP  

288. Extinguishers      

289. Gate House  1  Mon 20/01/14        Mon 20/01/14  160  SNET  

290. Facility mgt. Building  1  Fri 17/10/14        Sat 18/10/14  161,289SS  ALAP  

291. Basement 2          Mon 12/05/14        Wed 14/05/14  162  ASAP  

292. Ground Floor                                                           5  Mon 13/10/14        Sat 18/10/14  163  ASAP  

293. 1st Floor                                                                       2  Wed 08/10/14        Fri 10/10/14  164  SNET  

294. 2nd Floor                                                              1  Mon 29/09/14        Tue 30/09/14  165  SNET  

295. FM 200 Gas System For Fire Suppression     

296. Delivery of pipes                                              5  Thu 12/12/13        Thu 19/12/13  7 ASAP  

297. Ground Floor                                                            28  Thu 19/12/13        Wed 22/01/14  296  SNET  

298. 1st Floor                                                                         56  Thu 19/12/13        Wed 26/02/14  297SS  SNET  

299. 2nd Floor                                                      21  Thu 19/12/13        Tue 14/01/14  298SS  SNET  

300. Fittings                                                               25  Wed 17/09/14        Sat 18/10/14  138,109  ASAP  

301. External works     

302. Civil Work      

303. Ground Level Water Tanks                                       12  Wed 17/09/14        Thu 02/10/14  306  SNET  
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               Appendix B4     CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1   

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

304.  Roof Water Tank                           8 Wed 08/10/14      Sat 18/10/14  30  ALAP  

305. Water Treatment Plants 21 Mon 20/01/14      Fri 14/02/14  7FS+30 days  SNET  

306. Bore hole Installation  14 Mon 01/09/14      Wed 17/09/14  322  SNET  

307. Septic Tank & Soakaway pit                         28 Mon 01/09/14      Sat 04/10/14  322  ASAP  

308. Inspection Chamber                              56 Mon 01/09/14      Sat 08/11/14  322  ASAP  

309. Filling Station     

310. Underground fuel pump   14 Fri 10/10/14        Tue 28/10/14   ALAP  

311. Fuel Tank with conveyor belt  4 Wed 07/08/13      Mon 12/08/13   ASAP  

312. Super Structure  36   Mon 12/08/13      Wed 25/09/13  311  SNET  

313. Pumps and Piping                               30 Wed 25/09/13      Fri 01/11/13  312  SNET  

314. Electrical fittings                            7 Fri 01/11/13         Mon 11/11/13  313  ASAP  

315. Fire Fighting     

316. Extinguishers                                                  16 Mon 29/09/14      Sat 18/10/14  165  SNET  

317. Hydrants                                                                  65 Mon 01/09/14      Thu 20/11/14  322  SNET  

318. Hosereel                                                                                                 44 Sat 02/11/13      Fri 27/12/13  41  ASAP  

319. Fire pumps  28 Mon 20/01/14      Sat 22/02/14  ASAP  305SS  
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               Appendix B4      CONTD.  
            óAs-Plannedô Schedule for Baseline Plan B18(1)  of Case Project 1    

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

320. Landscaping & Civil Works                                                

321. Flood Water Drainages  122 Wed 23/10/13     Mon 24/03/14  16FS+15 days  SNET  

322. Filling& Compaction of Site (Earthworks)  84 Mon 19/05/14     Sat 30/08/14  18  ASAP  

323. Interlocking tiles for Walkway  56 Mon 24/03/14     Sat 31/05/14  321  SNET  

324. Concrete Driveways                                                                     120 Mon 24/03/14     Wed 20/08/14  321   SNET   

325. Green Areas                                               75 Mon 24/03/14     Wed 25/06/14  321 SNET 

326. Electricity      

327. Delivery of Transformer & Panels  16 Wed 25/06/14     Tue 15/07/14  11  ASAP  

328. Low & High Voltage Panel  36 Tue 15/07/14     Thu 28/08/14  327  SNET  

329. Generators  7 Tue 15/07/14     Wed 23/07/14  327  SNET  

330. Transformer                                               10 Tue 15/07/14     Mon 28/07/14   327  ALAP  

331. External Cabling(Armoured)  40 Mon 28/07/14     Mon 15/09/14  330  SNET  

332. External LIGHTING(Poles and fittings                          61 Tue 25/02/14     Mon 12/05/14  321FS-21 days  ASAP  

333. PHCN Power connection  35 Mon 15/09/14     Tue 28/10/14  331  ALAP  
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               Appendix B4    CONTD.   

            óAs-Plannedô Schedule for Baseline Plan B18(1) of Case Project 1              
  
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

334. Fence    

335. Fence Structure (Type C)  21 Sat 19/07/14 Thu 14/08/14  324FS-25 days  ASAP  

336. Concertina barbed Wire  14 Wed 20/08/14 Fri 05/09/14  324  SNET  

337. Fence Grills and Gates  46 Mon 01/09/14 Mon 27/10/14  322  SNET  

338. Painting                                                  40  Wed 25/06/14 Wed 13/08/14  325  ASAP  

339. Decorations and Furniture  20  Fri 19/09/14 Wed 15/10/14  165FS-7 days  SNET  

340. Test Running                                                                          7  Thu 20/11/14 Fri 28/11/14  173,315,332,302,339  SNET  

341. Completion & Hand/over  1   Fri 28/11/14 Sat 29/11/14  340  SNET  
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               Appendix B5      
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1     

 
S/N                         ACTIVITY                                                                   DV/DAYS           START   VAR                     DAYS               FINISH VAR                    DAYS  

1. COMPLETION OF THE PROJECT      

2.Pre-shipment Inspection & Shipment material     

3. Pre-shipment Inspection for fire fighting  X  12-12 = 0  Tue 01/10/13   Thu 08/08/13        45  Tue 15/10/13   Thu 22/08/13          45  

4. Pre-shipment Inspection of Chillers & AHU  12-12 = 0  Tue 12/11/13   Tue 12/11/13  Tue 26/11/13   Tue 26/11/13  

5. Pre-shipment Inspection of Lift  6-6   = 0  Sat 21/09/13    Sat 21/09/13  Sat 28/09/13  Sat 28/09/13  

6. Pre-shipment Inspection of Transformers               6-6   = 0  Fri 01/11/13     Fri 01/11/13  Fri 08/11/13    Fri 08/11/13  

7. Shipment for finishing / fire fighting X  90-90 = 0  Tue 15/10/13    Thu 22/08/13       45  Tue 04/02/14   Thu 12/12/13          45   

8. Shipment of electrical fittings  X  90-90 = 0  Tue 15/10/13    Thu 22/08/13       45  Tue 04/02/14   Thu 12/12/13          45  

9. Shipment of Chillers & AHU                      107-107 = 0  Tue 26/11/13    Tue 26/11/13  Tue 08/04/14   Tue 08/04/14  

10. Shipment Inspection of Lift                     X  90-90 = 0  Mon 28/10/13   Sat 28/09/13        24  Sat 15/02/14  Sat 18/01/14           23  

11. Shipment Inspection of Transformers        X  90-90 = 0  Fri 08/11/13    Wed 05/03/14    99ve  Fri 28/02/14    Wed 25/06/14      99ve  

12. Completion of Structural Works     

13. Completion of the LIFT shaft  X 12-12 = 0  Tue 27/05/14    Wed 07/08/13    250  Tue 10/06/14   Wed 21/08/13       250  

14. Completion of sub-structural work                XD 27-14=13  Mon 22/09/14   Wed 07/08/13    351  Fri 24/10/14     Fri 23/08/13         365  

15. Completion of facial wall                                X 32-32 = 0  Mon 28/07/14   Wed 07/08/13    303  Thu 04/09/14   Mon 16/09/13       328  

16. Underground diesel Tank                                                                             X 30 -30 = 0  Thu 12/06/14    Wed 28/08/13     240  Fri 18/07/14     Thu 03/10/13        246  

17. Expansion Joint Treatment  X 20 ï 20 = 0  Thu 10/07/14    Thu 10/10/13      233  Mon 04/08/14   Mon 04/11/13      233  

 pg.B5.1                                                     1437                                                                             1481                               
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                 Appendix B5  CONTD. 

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1    
 
S/N                                               ACTIVITY                                                                       DV/DAYS                 START   VAR                  DAYS                FINISH VAR                     DAYS  

18. French Drain                         XD   54 - 45 = 9  Thu 25/09/14     Mon 24/03/14         158  Tue 02/12/14     Mon 19/05/14       168  

19. Entrance Canopy                      XD   45 - 25 = 20  Mon 10/11/14    Fri 23/05/14           145  Sat 03/01/15      Tue 24/06/14         165  

20. Roofing Works      

21. Screeded bed for Waterproofing     

22. Gate House                      X       5 - 5 = 0  Mon 08/09/14    Mon 04/11/13        263  Sat 13/09/14     Mon 11/11/13        262 

23. Facility mgt. Building          X       4 - 4 = 0 Tue 16/09/14     Wed 13/11/13         262  Sat 20/09/14     Mon 18/11/13        262  

24. Generator House                      X       7 - 7 = 0  Wed 24/09/14    Wed 20/11/13         263  Thu 02/10/14    Thu 28/11/13         263  

25. Main Building                       X   30 - 30  = 0  Tue 27/05/14      Fri 29/11/13           152  Wed 02/07/14    Mon 06/01/14       151  

26 Installation of Waterproofing(Felting)      

27. Gate House X       6 - 6 = 0  Mon 21/07/14    Thu 23/01/14          152  Mon 28/07/14    Thu 30/01/141        52  

28. Facility mgt. Building          X       5 - 5 = 0  Tue 29/07/14      Fri 31/01/14           152  Mon 04/08/14    Thu 06/02/14        152  

29. Generator House                  X       8 - 8 = 0  Thu 02/10/14     Wed 12/02/14         198  Mon 13/10/14     Fri 21/02/14         199  

30. Main Building                                         XD 70 - 30  = 40  Tue 27/05/14     Mon 24/02/14           78   Thu 21/08/14    Wed 02/04/14       120  

31. Finish Works        

32. Partition Blocks     

33. Basement                                   X   14 - 14 = 0  Tue 27/05/14     Wed 07/08/13         250  Thu 12/06/14     Fri 23/08/13          250  

34. Ground Floor                                                                                                                      XD 20 - 48 = -28  Tue 27/05/14     Wed 07/08/13         250  Fri 20/06/14      Fri 04/10/13          221  

              pg.B5.2                                                          2323                                                                            2065                                                    
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                 Appendix B5      CONTD.                              

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1  
  
S/N                          ACTIVITY                                                                       DV/DAYS                 START    VAR                   DAYS               FINISH   VAR                    DAYS  

35. 1st Floor                        XD 20 -36 = - 16  Tue 27/05/14    Wed 07/08/13          250  Fri 20/06/14      Fri 20/09/13          233  

36. 2nd Floor                                   X   28 - 28 = 0  Thu 05/06/14    Thu 05/09/13           233  Thu 10/07/14    Thu 10/10/13         233  

37. Rendering (Wall & Soffit)      

38. Basement  X   15 - 15 = 0  Tue 27/05/14    Wed 07/08/13          250  Fri 13/06/14     Mon 26/08/13        249  

39. Ground Floor  X   30 - 30 = 0  Fri 20/06/14      Sat 05/10/13            220 Mon 28/07/14   Tue 12/11/13         220 

40. 1st Floor  X   20 - 20 = 0  Fri 20/06/14      Fri 20/09/13            233  Tue 15/07/14    Tue 15/10/13         233  

41. 2nd Floor                                 X   15 - 15 = 0  Tue 15/07/14    Tue 15/10/13           233  Sat 02/08/14     Sat 02/11/13          233  

42. External Main Building                               X   56 - 56 = 0  Mon 04/08/14   Mon 04/11/13         233  Mon 13/10/14   Mon 13/01/14        233  

43. Wall & Floor Tiling      

44. Internal Floor & Walls      

45. Delivery of Tiles                        X      5 - 5 = 0  Mon 30/06/14   Thu 12/12/13          170  Fri 04/07/14     Thu 19/12/13         169  

46. Gate House                      XD  25 -12 = 13  Sat 05/07/14     Thu 19/12/13           169 Tue 05/08/14    Thu 02/01/14         182  

47. Facility mgt. Building XD 20 - 10 = 10  Sat 05/07/14     Thu 19/12/13           169  Wed 30/07/14   Tue 31/12/13         180  

48. Basement                                   XD   10 - 5 = 5  Fri 01/08/14     Thu 02/01/14           180  Thu 14/08/14    Thu 09/01/14         185  

49. Ground Floor                       X   85 - 85 = 0  Tue 05/08/14    Thu 02/01/14           183  Wed 19/11/14   Fri 18/04/14           183  

50. 1st Floor                                   X   45 - 45 = 0  Sat 25/10/14     Tue 25/03/14            183  Fri 19/12/14      Tue 20/05/14         183  

51. 2nd Floor                                                                          X   25 - 25 = 0  Mon 08/12/14   Wed 07/05/14         172  Thu 08/01/15    Sat 07/06/14           171  
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                Appendix B5    CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1                 

 
S/N                      ACTIVITY                                                                      DV/DAYS              START   VAR                       DAYS               FINISH VAR                      DAYS  

52. Decoration of wall for Banking Hall X     7 - 7 = 0  Thu 05/02/15     Fri 05/09/14           130  Fri 13/02/15       Sat 13/09/14         130  

53.Basf Mastertop Epoxy Resin floor    

54. Facility mgt. Building  X     7 - 7 = 0  Tue 27/01/15     Wed 07/08/13         460  Wed 04/02/15    Thu 15/08/13        460  

55. Basement  X 56 ï 56 = 0  Mon 04/08/14    Mon 04/11/13         233  Mon 13/10/14    Mon 13/01/14       233  

56. Ground floor  X 45 ï 45 = 0  Wed 24/09/14    Wed 25/12/13         233  Wed 19/11/14    Wed 19/02/14       233  

57. 1st Floor                                                                                    X 21 ï 21 = 0  Fri 07/11/14       Thu 06/02/14          234  Wed 03/12/14    Wed 05/03/14       233  

58. 2nd Floor                                              X 14 ï 14 = 0   Tue 02/12/14     Mon 03/03/14         234  Thu 18/12/14     Wed 19/03/14       234  

59. Raised Floor Panels     

60. Delivery of Raised floor  X     5 - 5 = 0  Thu 09/10/14     Thu 12/12/13          258  Wed 15/10/14    Thu 19/12/13        256  

61. Ground Floor  X  14 ï 14 = 0 Thu 01/01/15     Thu 19/06/14          167  Mon 19/01/15     Mon 07/07/14      167  

62. 1st Floor  X  28 - 28 = 0  Wed 28/01/15    Tue 08/07/14          174  Wed 04/03/15     Mon 11/08/14      175  

63. 2nd Floor                                                        X  40 - 40 = 0  Sat 07/02/15      Thu 17/07/14          175  Mon 30/03/15     Thu 04/09/14       176  

64. External wall Tilling      

65. Delivery of Tiles                                        X     4 - 4 = 0  Mon 04/08/14    Thu 12/12/13          201  Thu 07/08/14      Wed 18/12/13      198  

66. Gate House                                                        X  14 - 14 = 0  Fri 08/08/14       Mon 03/02/14         159  Tue 26/08/14      Thu 20/02/14       159  

67. Facility mgt. Building                                             X 10 - 10 = 0 Tue 26/08/14     Thu 20/02/14          159  Sat 06/09/14       Wed 05/03/14      158  

68. Back Elevation(Main Building)                                                                                                                                                                 X 20 - 20 = 0  Thu 11/09/14     Wed 27/08/14           12  Mon 06/10/14     Mon 22/09/14        11  
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417 
 

 

                 Appendix B5    CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1  

 
S/N            ACTIVITY                                                                        DV/DAYS                START   VAR                  DAYS              FINISH    VAR                 DAYS  

69. Right Elevation                    X  30 - 30 = 0  Sat 06/09/14      Wed 05/03/14         158 Tue 14/10/14      Fri 11/04/14         158 

70. Left Elevation  X  30 - 30 = 0  Mon 06/10/14     Mon 22/09/14          11  Wed 12/11/14    Tue 28/10/14          11  

71. Front Elevation                              X  40 - 40 = 0  Tue 14/10/14      Fri 11/04/14           158  Wed 03/12/14      Fri 30/05/14        159  

72. Courtyard at Bullion Area   X  15 - 15 = 0  Wed 12/11/14     Wed 29/10/14          11  Mon 01/12/14     Mon 17/11/14        11  

73. External Alucobond     

74. Delivery of Alucobond  X     5 - 5 = 0  Tue 05/08/14      Thu 12/12/13         201  Mon 11/08/14    Thu 19/12/13        200  

75. Gate House  X   21 - 21= 0  Tue 26/08/14      Sat 11/01/14           193  Sat 20/09/14      Thu 06/02/14        193  

76. Facility mgt. Building  X    7 - 7  = 0  Sat 06/09/14       Sat 11/01/14           203  Mon 15/09/14    Mon 20/01/14       203  

77. Back Elevation(Main Building)   X  20 - 20 = 0  Sat 20/09/14       Thu 06/02/14         193  Wed 15/10/14    Tue 04/03/14        192  

78. Right Elevation  X  30 - 30 = 0  Mon 15/09/14     Tue 21/01/14         202  Wed 22/10/14    Wed 26/02/14      202  

79. Left Elevation  X  30 - 30 = 0  Wed 15/10/14     Tue 04/03/14         192  Fri 21/11/14       Thu 10/04/14       180  

80. Front Elevation            X  40 - 40 = 0  Wed 22/10/14      Tue 09/09/14          10  Thu 11/12/14      Tue 28/10/14         10  

81.     

82. Doors & Windows     

83. Doors & Windows Sub-Frames     

84. Delivery of Frames                                                                                        X    3 - 3 = 0  Thu 24/07/14       Thu 12/12/13        191  Mon 28/07/14     Tue 17/12/13       191  

85. Gate House  X    5 - 5 = 0  Mon 28/07/14      Tue 17/12/13        190  Sat 02/08/14       Mon 23/12/13      190  

               pg.B5.5                                                          1913                                                                                   1900                                  

   



418 
 

 

               Appendix B5     CONTD.                               
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1   

 
S/N        ACTIVITY                                                                      DV/DAYS            START     VAR                    DAYS             FINISH     VAR                 DAYS  

86. Facility mgt. Building         X     3 - 3    = 0  Mon 28/07/14     Tue 17/12/13         190  Thu 31/07/14      Fri 20/12/13         190  

87. Basement  X     2 - 2    = 0  Mon 28/07/14     Tue 17/12/13         190  Wed 30/07/14     Thu 19/12/13       190  

88. Ground Floor  X  14 ï 14  = 0  Mon 28/07/14     Tue 17/12/13         190  Thu 14/08/14       Thu 02/01/14      190  

89. 1st Floor                                       X  10 ï 10  = 0  Mon 28/07/14     Tue 17/12/13         190  Fri 08/08/14         Sat 28/12/13       190  

90. 2nd Floor                                         X       5 - 5  = 0  Fri 08/08/14        Wed 22/10/14     63 ve  Fri 15/08/14         Tue 28/10/14   62 ve  

91. Chubb Doors & metal Gates     

92. Delivery of Doors                 X      2 ï 2  = 0  Tue 27/05/14       Wed 07/08/13       250  Wed 28/05/14      Thu 08/08/13      250  

93. Basement  X  18 ï 18  = 0  Thu 29/05/14      Mon 13/01/14        116  Fri 20/06/14         Tue 04/02/14      116  

94. Ground Floor  XD 15 ï 21 = - 6  Fri 20/06/14        Mon 13/01/14        135  Wed 09/07/14      Fri 07/02/14        129  

95. 1st Floor                                                                                                                            XD    10 - 8 = 2  Wed 09/07/14      Fri 07/02/14          129  Mon 21/07/14      Tue 18/02/14      130  

96. 2nd Floor                                             XD    10 - 3 = 7  Mon 21/07/14      Fri 24/10/14       81 ve  Sat 02/08/14         Tue 28/10/14   73 ve  

97. Metal grill Gates     

98. Fabrication                              X  20 ï 20  = 0  Mon 11/08/14      Thu 12/12/13        206  Thu 04/09/14       Tue 07/01/14      205  

99. Ground Floor                                       XD  2 ï 21 = - 19  Mon 13/10/14      Mon 13/01/14       233  Fri 07/11/14         Fri 07/02/14        233  

100. 1st Floor                                        X      8 - 8 = 0  Fri 07/11/14         Fri 07/02/14          233  Tue 18/11/14       Tue 18/02/14       227  

101.     
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                Appendix B5    CONTD.  

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1    
 
S/N                   ACTIVITY                                                                    DV/DAYS               START   VAR                   DAYS  FINISH VAR         DAYS  

102. Wooden Flush & Aluminium Door    

103. Delivery of Doors  X     4 - 4 = 0  Mon 21/07/14     Thu 12/12/13         188 Thu 24/07/14    Wed 18/12/13        186 

104. Gate House  X     8 - 8 = 0  Tue 05/08/14      Thu 02/01/14         183  Fri 15/08/14      Mon 13/01/14        183  

105. Facility mgt. Building  X     5 - 5 = 0  Wed 30/07/14     Tue 31/12/13         180  Tue 05/08/14    Tue 07/01/14          179  

106. Basement                               X     2 - 2 = 0  Thu 14/08/14      Thu 09/01/14         185  Sat 16/08/14      Sat 11/01/14          185  

107. Ground Floor  X 35 ï 35 = 0  Mon 19/01/15     Tue 08/07/14         166  Tue 03/03/15     Wed 20/08/14       166  

108. 1st Floor                                    X 15 ï 15 = 0  Wed 04/03/15     Fri 05/09/14           153  Mon 23/03/15    Wed 24/09/14       153  

109. 2nd Floor                               X 10 ï 10 = 0  Mon 30/03/15     Fri 05/09/14           175  Fri 10/04/15       Wed 17/09/14       175  

110. Ironmongery     

111. Delivery of Accessories                   X     3 - 3 = 0  Mon 28/07/14     Thu 12/12/13         194   Wed 30/07/14    Tue 17/12/13        192  

112. Gate House                               X     3 - 3 = 0  Sat 16/08/14        Tue 14/01/14         183  Wed 20/08/14    Fri 17/01/14          183  

113. Facility mgt. Building  X     2 - 2 = 0  Tue 05/08/14       Tue 07/01/14         179  Thu 07/08/14     Thu 09/01/14        179  

114. Basement                               X     3 - 3 = 0  Thu 07/08/14       Wed 07/08/13       312  Mon 11/08/14    Thu 08/08/13        312  

115. Ground Floor                              X  12 - 12= 0  Mon 19/01/15      Tue 08/07/14        166  Tue 03/02/15     Tue 22/07/14         167 

116. 1st Floor                                           X     7 - 7 = 0  Wed 04/03/15      Fri 05/09/14          153  Fri 13/03/15       Sat 13/09/14         154  

116. 1st Floor                                                                                                                                      X     7 - 7 = 0  Wed 04/03/15      Fri 05/09/14          153  Fri 13/03/15       Sat 13/09/14         154  

117. 2nd Floor  X    4 - 4  = 0  Fri 10/04/15         Thu 23/10/14        144  Wed 15/04/15    Tue 28/10/14        144  
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                Appendix B5     CONTD.                                     
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1     

 
S/N                 ACTIVITY                                                                    DV/DAYS           START      VAR                    DAYS           FINISH     VAR                 DAYS  

118. Aluminium Windows/Cutting wall                                 

119. Delivery of Frames & Glazing                X    3 - 3  = 0  Wed 09/07/14     Thu 12/12/13         178  Fri 11/07/14        Tue 17/12/13       176  

120. Gate House                                        X 14 - 14 = 0  Sat 12/07/14        Tue 17/12/13         177  Wed 30/07/14     Thu 02/01/14       178  

121. Facility mgt. Building                             X 10 - 10 = 0  Sat 12/07/14        Tue 17/12/13         177  Thu 24/07/14      Sat 28/12/13         177  

122. Basement                          X    2 - 2  = 0  Thu 24/07/14       Tue 11/03/14        115  Mon 28/07/14     Thu 13/03/14       116  

123. Ground Floor                                                           X 65 - 65 = 0  Mon 28/07/14      Thu 13/03/14        116  Thu 16/10/14      Tue 03/06/14       115  

124. 1st Floor                                                    X 45 - 45 = 0  Thu 16/10/14       Tue 03/06/14        115  Thu 11/12/14      Tue 29/07/14       115  

125. 2nd Floor                                X 42 - 42 = 0  Thu 11/12/14       Tue 29/07/14        115  Mon 02/02/15     Thu 18/09/14       116  

126. Steel Burglar Proofing     

127. Fabrication                                          X 84 - 84 = 0  Tue 27/05/14       Thu 12/12/13        141  Mon 08/09/14     Thu 27/03/14       140  

128. Ground Floor                                      X 45 - 45 = 0  Tue 16/09/14       Fri 02/05/14          116  Mon 10/11/14     Fri 27/06/14         116  

129. 1st Floor                                                    X 25 - 25 = 0  Fri 05/12/14         Tue 22/07/14        116  Mon 05/01/15     Fri 22/08/14         115  

130.     

131. Suspended Ceiling                                                                                                                                                     

132. Delivery of Materials                             X    2 - 2  = 0  Mon 04/08/14      Thu 12/12/13        200  Tue 05/08/14       Mon 16/12/13     198  

133. Gate House  X  14 - 14= 0  Wed 06/08/14      Thu 02/01/14        184  Fri 22/08/14        Mon 20/01/14      183  

134.  Facility mgt. Building                             X 10 - 10 = 0  Wed 06/08/14      Wed 15/01/14       173  Mon 18/08/14     Tue 28/01/14       172  
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                 Appendix B5    CONTD.                                              
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1)  of Case Project 1    

 
S/N                 ACTIVITY                                                                     DV/DAYS          START      VAR                     DAYS               FINISH    VAR                DAYS  

135. Basement                                    X   20 - 20 = 0  Mon 18/08/14    Tue 11/02/14          160 Fri 07/03/14      Thu 11/09/14         160  

136. Ground Floor                                                 X   56 - 56 = 0  Thu 23/10/14     Fri 11/04/14            166  Thu 01/01/15    Thu 19/06/14         167  

137. 1st Floor                                                  X   40 - 40 = 0  Wed 10/12/14    Mon 19/05/14         175  Wed 28/01/15   Mon 07/07/14        175  

138. 2nd Floor                                  X   30 - 30 = 0  Fri 16/01/15       Tue 24/06/14          176  Mon 23/02/15   Thu 31/07/14         176  

139. Aluminium Partitions      

140. Delivery of DEKO partition                      X      3 - 3  = 0  Thu 11/09/14    Thu 12/12/13          233  Mon 15/09/14   Tue 17/12/13         232  

141. Facility mgt. Building                         X      7 - 7  = 0  Mon 15/09/14    Tue 28/01/14          196  Tue 23/09/14    Wed 05/02/14        196  

142. Basement  X      7 - 7  = 0  Thu 11/09/14    Fri 07/03/14            160  Sat 20/09/14      Sat 15/03/14          161  

143. Ground Floor                                                                                 X  10 - 10  = 0 Mon 19/01/15    Tue 08/07/14          166 Fri 30/01/15      Sat 19/07/14          166  

144. 1st Floor                                                  X   18 - 18 = 0  Wed 04/03/15    Mon 11/08/14         175  Thu 26/03/15    Tue 02/09/14         175  

145. 2nd Floor                                       X   28 - 28 = 0  Mon 30/03/15    Fri 05/09/14            175  Mon 04/05/15   Thu 09/10/14         175  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition                                    X       1 - 1 = 0  Tue 16/09/14     Thu 12/12/13          237  Tue 16/09/14    Fri 13/12/13           236  

148. Ground Floor                                                X       7 - 7 = 0  Fri 17/04/15       Sat 18/10/14           154  Sat 25/04/15     Mon 27/10/14        154  

149. 1st Floor                                                    X       5 - 5 = 0  Fri 17/04/15       Sat 18/10/14           154  Thu 23/04/15    Fri 24/10/14           154  

150. 2nd Floor                                                                                                                                        X       3 - 3 = 0  Fri 17/04/15       Sat 18/10/14           154  Tue 21/04/15    Wed 22/10/14        154  
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                Appendix B5    CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1            

 
S/N        ACTIVITY                                                                      DV/DAYS           START     VAR                     DAYS           FINISH     VAR                   DAYS  

151. Painting (Wall & Soffit)     

152. Priming of the surface     

153. Gate House  X         7 - 7 = 0  Fri 22/08/14      Tue 21/01/14           182  Mon 01/09/14     Wed 29/01/14      183  

154. Facility mgt. Building           X         5 - 5 = 0  Mon 18/08/14   Tue 28/01/14           172  Mon 25/08/14     Mon 03/02/14      173  

155. Basement  X     40 - 40 = 0  Thu 11/09/14    Fri 07/03/14             160  Fri 31/10/14        Fri 25/04/14         161  

156. Ground Floor                        X     70 - 70 = 0  Thu 01/01/15    Thu 19/06/14           161  Mon 30/03/15     Mon 15/09/14      161  

157. 1st Floor                                   X     50 - 50 = 0  Wed 28/01/15   Tue 08/07/14           174  Wed 01/04/15     Mon 08/09/14      175  

158. 2nd Floor                       X     30 - 30 = 0  Mon 23/02/15   Thu 31/07/14           176  Wed 01/04/15     Fri 05/09/14         176  

159. First Layer     

160. Gate House                     X        5 - 5  = 0  Fri 15/08/14      Mon 13/01/14          183  Thu 21/08/14      Sat 18/01/14         183  

161. Facility mgt. Building           X        4 - 4  = 0  Tue 05/08/14    Tue 07/01/14            169  Mon 11/08/14     Sat 11/01/14        180  

162. Basement  X     12 - 12 = 0  Fri 31/10/14      Fri 25/04/14             161  Mon 17/11/14     Mon 12/05/14      161  

163. Ground Floor                                          X     22 - 22 = 0  Mon 30/03/15   Mon 15/09/14          161  Sat 25/04/15        Mon 13/10/14     161  

164. 1st Floor                          X     12 - 12 = 0  Wed 01/04/15   Wed 24/09/14          161  Wed 15/04/15     Wed 08/10/14      161  

165. 2nd Floor                  X        8 - 8  = 0  Fri 10/04/15      Thu 18/09/14           174  Tue 21/04/15       Mon 29/09/14     174  

166. Second Layer     

167. Gate House                        X        3 - 3  = 0  Thu 21/08/14    Mon 20/01/14          182  Mon 25/08/14     Wed 22/01/14      182  
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               Appendix B5    CONTD.                                  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1)  of Case Project 1                                   

 
S/N               ACTIVITY                                                                      DV/DAYS             START     VAR                    DAYS           FINISH     VAR                  DAYS  

168.   Facility mgt. Building                  X         2 - 2 = 0  Mon 11/08/14    Sat 11/01/14           180  Wed 13/08/14     Tue 14/01/14       180  

169. Basement  X     14 - 14 = 0  Mon 17/11/14    Mon 12/05/14         156  Wed 03/12/14     Thu 29/05/14       160  

170. Ground Floor  X     22 - 22 = 0  Tue 07/04/15     Wed 24/09/14         166  Tue 05/05/15      Tue 21/10/14        167  

171. 1st Floor                                                   X    12 -  12 = 0  Thu 16/04/15     Wed 08/10/14         162  Thu 30/04/15      Thu 23/10/14       161  

172. 2nd Floor                                X         7 - 7 = 0  Tue 21/04/15     Mon 29/09/14         174  Wed 2 9/04/15    Tue 07/10/14       174  

173. Services     

174. Sanitary Works     

175. Water supply Piping     

176. Ground Floor                                  X     23 - 23 = 0  Mon 09/06/14    Tue 24/09/13          220  Tue 08/07/14      Wed 23/10/13      220  

177. 1st Floor  X     21 - 21 = 0  Mon 09/06/14    Mon 09/09/13         232  Fri 04/07/14        Fri 04/10/13         233  

178. 2nd Floor                                   X     15 ï 15 = 0  Thu 03/07/14     Fri 04/10/13            232  Tue 22/07/14       Wed 23/10/13     232  

179. Rain & waste Water Piping    

180. Ground Floor  X      21 - 21 = 0  Mon 09/06/14    Tue 24/09/13          220  Fri 04/07/14        Mon 21/10/13      219  

181. 1st Floor                                               X      21 - 21 = 0  Mon 09/06/14    Mon 09/09/13         233  Fri 04/07/14        Fri 04/10/13         232  

182. 2nd Floor                                    X     17 - 17  = 0  Fri 04/07/1417    Sat 05/10/13           232  Fri 25/07/14        Sat 26/10/13        232  

183. Sanitary Accessories                                                                                                                 

184. Gate House  X     15 ï 15 = 0  Fri 15/08/14       Mon 13/01/14         183  Wed 03/09/14     Fri 31/01/14         183  
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                  Appendix B5      CONTD.                                                                                              
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1     

 
S/N        ACTIVITY                                                                      DV/DAYS             START    VAR                    DAYS             FINISH     VAR                DAYS  

185.  Facility mgt. Building                 X     10 - 10 = 0  Tue 05/08/14     Tue 07/01/14           179  Mon 18/08/14     Sat 18/01/14        180  

186.  Ground Floor                                X     65 - 65 = 0  Sat 16/08/14      Sat 11/01/14            185  Wed 05/11/14     Wed 02/04/14      185  

187. 1st Floor                                            X     28 - 28 = 0  Tue 03/03/15     Wed 20/08/14         166  Tue 07/04/15      Wed 24/09/14      166  

188. 2nd Floor                        X     20 - 20 = 0  Mon 23/03/15    Wed 24/09/14         153  Thu 16/04/15      Sat 18/10/14         153  

189. Electrical works     

190. Conduit     

191. Ground Floor  X     45 - 45 = 0  Fri 20/06/14       Sat 05/10/13           220  Fri 15/08/14       Fri 29/11/13          221  

192. 1st Floor  X     22 - 22 = 0  Fri 20/06/14       Fri 20/09/13            233  Thu 17/07/14     Thu 17/10/13        233  

193. 2nd Floor                              X     14 - 14 = 0  Thu 10/07/14     Thu 10/10/13          233  Mon 28/07/14     Mon 28/10/13      233  

194. Cable tray & Trunking      

195. Delivery of materials  X         3 - 3 = 0  Tue 27/05/14     Thu 12/12/13          141  Thu 29/05/14      Tue 17/12/13       139  

196. Gate House                                X     14 - 14 = 0  Fri 30/05/14       Tue 17/12/13          140  Tue 17/06/14      Thu 02/01/14       141  

197. Facility mgt. Building                    X     10 - 10 = 0  Tue 17/06/14     Thu 02/01/14          141  Sat 28/06/14       Wed 15/01/14      140  

198. Basement  X     21 - 21 = 0  Sat 28/06/14      Wed 15/01/14         140  Thu 24/07/14      Tue 11/02/14       139  

199. Ground Floor                                                 X     48 - 48 = 0  Fri 25/07/14      Tue 11/02/14           140  Tue 23/09/14      Fri 11/04/14         140  

200. 1st Floor                                         X     30 - 30 = 0  Tue 23/09/14     Fri 11/04/14            140  Thu 30/10/14      Mon 19/05/14      140 

201. 2nd Floor                    X     17 - 17 = 0  Thu 30/10/14    Mon 19/05/14          140  Thu 20/11/14      Mon 09/06/14      140  
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                Appendix B5       CONTD.                                                         

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1    
 
S/N                    ACTIVITY                                                                     DV/DAYS           START    VAR                 DAYS           FINISH     VAR                 DAYS  

202. Cabling                          

203. Gate House                                        X   14 - 14 = 0  Fri 15/08/14      Mon 13/01/14     183  Tue 02/09/14    Thu 30/01/14       183  

204. Facility mgt. Building  X   10 - 10 = 0  Tue 05/08/14     Wed 15/01/14    172  Mon 18/08/14   Tue 28/01/14       172  

205. Basement  X   21 - 21 = 0 Sat 16/08/14      Tue 11/02/14      159  Thu 11/09/14    Sat 08/03/14        159  

206. Ground Floor                                 X   35 - 35 = 0  Tue 03/03/15    Wed 20/08/14     166  Wed 15/04/15   Thu 02/10/14      166  

207. 1st Floor                                                   X   20 - 20 = 0  Mon 23/03/15   Wed 24/09/14     153  Thu 16/04/15    Sat 18/10/14        153  

208. 2nd Floor                                    X   15 - 15 = 0  Fri 10/04/15      Wed 17/09/14     175  Wed 29/04/15   Mon 06/10/14      175  

209. Distribution Boards and Power points     

210. Gate House  X       7 - 7 = 0  Mon 01/09/14   Wed 29/01/14     183  Tue 09/09/14    Thu 06/02/14       183  

211. Facility mgt. Building  X       7 - 7 = 0  Mon 25/08/14   Mon 03/02/14     173  Tue 02/09/14    Wed 12/02/14      173  

212. Basement  X   10 - 10 = 0  Fri 31/10/14      Fri 25/04/14        161  Thu 13/11/14    Thu 08/05/14       161  

213. Ground Floor                                  X   20 - 20 = 0  Mon 30/03/15   Mon 15/09/14     167  Thu 23/04/15    Thu 09/10/14       167  

214. 1st Floor                                                X    11 - 11= 0  Wed 01/04/15  Mon 08/09/14     175  Tue 14/04/15    Mon 22/09/14      174  

215. 2nd Floor                                    X       7 - 7 = 0  Wed 01/04/15   Sat 06/09/14       176  Thu 09/04/15    Mon 15/09/14      176  

216. Electrical Lighting & Socket     

217. Delivery of electrical fittings            X       2 - 2 = 0  Tue 27/05/14    Thu 12/12/13       141  Wed 28/05/14   Mon 16/12/13      139  

218. Gate House                                                                             X       7 - 7 = 0  Fri 15/08/14      Mon 13/01/14     183  Sat 23/08/14     Tue 21/01/14       183 
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                Appendix B5     CONTD.                                                                             
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1       

 
S/N               ACTIVITY                                                                      DV/DAYS              START   VAR                    DAYS            FINISH    VAR                   DAYS  

219.  Facility mgt. Building              X      7 - 7 = 0  Tue 05/08/14    Tue 07/01/14            179  Thu 14/08/14    Wed 15/01/14        180  

220. Basement                  X  14 - 14 = 0  Fri 31/10/14      Fri 25/04/14             161  Tue 18/11/14    Tue 13/05/14          161  

221. Ground Floor  X  21 - 21 = 0  Mon 30/03/15   Mon 15/09/14          167   Fri 24/04/15      Fri 10/10/14           167 

222. 1st Floor                           X  18 - 18 = 0  Wed 01/04/15   Wed 24/09/14          161  Thu 23/04/15    Thu 16/10/14         161  

223. 2nd Floor  X  15 - 15 = 0  Fri 10/04/15      Thu 18/09/14           174  Wed 29/04/15   Tue 07/10/14         174  

224. Extra low Voltage Devices     

225. Cabling                                   X  66 - 66 = 0  Fri 31/10/14      Fri 25/04/14             161  Wed 21/01/15   Thu 17/07/14         160  

226. CCTV  X  42 - 42 = 0  Mon 23/02/15   Thu 31/07/14           176  Wed 15/04/15   Mon 22/09/14        175  

227. Door Access controls           X  42 - 42 = 0  Mon 23/02/15   Thu 31/07/14           176  Wed 15/04/15   Mon 22/09/14        175  

228. Panic Buttons                      X  38 - 38 = 0  Mon 23/02/15   Thu 31/07/14           176  Fri 10/04/15      Tue 16/09/14         176  

229. Public Address system           X  38 - 38 = 0  Mon 23/02/15   Thu 31/07/14           176  Fri 10/04/15      Tue 16/09/14         176  

230. BMS Configuration           X  55 - 55 = 0  Mon 23/02/15   Thu 31/07/14           176  Fri 01/05/15      Tue 07/10/14         176  

231. Fire Alarm Systems     

232. Cabling                               X  56 - 56 = 0  Fri 31/10/14      Fri 25/04/14             161  Fri 09/01/15      Fri 04/07/14           161  

233. Installation of Equipment       X  30 - 30 = 0  Mon 23/02/15   Thu 31/07/14           176  Wed 01/04/15   Fri 05/09/14           177  

234. Data Transmission & IT                                                                 

235.  Cabling  X  55 - 55 = 0  Fri 31/10/14      Fri 25/04/14             161  Thu 08/01/15    Thu 03/07/14         161  

             pg.B5.14                                                          2381                                                                           2380                                                                                    

                    



427 
 

 

                Appendix B5      CONTD.                                       
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1    

 
S/N             ACTIVITY                                                                      DV/DAYS            START      VAR                  DAYS          FINISH     VAR                    DAYS  

236. Installation of Equipment       X    30 - 30 = 0  Mon 23/02/15    Thu 31/07/14          176  Wed 01/04/15     Fri 05/09/14         177  

237. Air Conditioning      

238. Air Ducts      

239. Basement  X   15 - 15 = 0  Thu 10/07/14     Wed 07/08/13         288  Tue 29/07/14     Mon 26/08/13       288  

240. Ground Floor  X    15 -25 = -10  Tue 29/07/14     Wed 07/08/13         304  Fri 15/08/14       Fri 06/09/13          293  

241. 1st Floor                                                XD 15 - 42 = -27  Tue 29/07/14     Fri 06/09/13           278  Fri 15/08/14       Tue 29/10/13        248  

242. 2nd Floor                                        XD 15 - 30 = -15  Tue 29/07/14     Tue 29/10/13           227 Fri 15/08/14       Thu 05/12/13        216  

243. Chilled Water piping     

244. Ground Floor                                         XD   7 - 20 = -13  Tue 29/07/14     Wed 07/08/13         304  Wed 06/08/14     Sat 31/08/13        290  

245. 1st Floor  XD   7 - 20 = -13  Tue 29/07/14     Mon 02/09/13         282  Wed 06/08/14     Thu 26/09/13       268 

246. 2nd Floor  XD   7 - 25 = -18  Tue 29/07/14     Thu 26/09/13          261  Wed 06/08/14     Sat 26/10/13        242  

247. External Piping                                                X 108 - 108 = 0  Wed 06/08/14    Mon 28/10/13        241  Thu 18/12/14      Tue 11/03/14       241  

248. Lagging/Cladding of Chiller piping          X 164 - 164 = 0  Wed 06/08/14    Fri 13/09/13           279  Wed 25/02/15     Fri 04/04/14         279  

249. Grilles & Diffusers      

250. Basement                                   X     14 - 14 = 0  Thu 11/09/14     Fri 07/03/14           160  Mon 29/09/14     Tue 25/03/14       160  

251. Ground Floor                                                    X    28 - 28  = 0  Tue 03/03/15     Wed 20/08/14        166  Tue 07/04/15      Wed 24/09/14      166  

252. 1st Floor                                                                                                                                                                           X    18 - 18  = 0  Mon 23/03/15    Wed 24/09/14        153  Tue 14/04/15      Thu 16/10/14       153  
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               Appendix B5     CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1)  of Case Project 1    

 
S/N               ACTIVITY                                                                      DV/DAYS             START      VAR                  DAYS  FINISH VAR             DAYS  

253. 2nd Floor                                    X  18 - 18 = 0  Fri 10/04/15        Wed 17/09/14      175  Mon 04/05/15    Thu 09/10/14        176  

254. Equipments    

255. Installation of Chillers  X  10 - 10 = 0  Mon 04/08/14     Tue 08/04/14        101  Fri 15/08/14       Mon 21/04/1         499  

256. Air Handling Units      

257. Ground Floor  X  11 - 11 = 0  Mon 21/07/14     Tue 15/04/14        82  Sat 02/08/14       Mon 28/04/1        482  

258. 1st Floor  X     4 - 4  = 0  Sat 02/08/14        Tue 29/04/14        81  Thu 07/08/14     Fri 02/05/1            482  

259. 2nd Floor                                                             X      3 - 3 = 0  Thu 07/08/14      Sat 03/05/14          81  Tue 12/08/14     Wed 07/05/1         482  

260. Backup/Split Units                                  

261. Gate House  X  10 - 10 = 0  Thu 10/07/14      Mon 23/12/13       170  Tue 22/07/14     Fri 03/01/14          170  

262. Facility  X      7 - 7 = 0  Tue 22/07/14      Fri 03/01/14          170  Thu 31/07/14     Mon 13/01/14       170  

263. Ground Floor  X  62 - 62 = 0  Thu 31/07/14      Mon 13/01/14       170  Thu 16/10/14     Mon 31/03/14       170  

264. 1st Floor                                      X  27 - 27 = 0  Thu 16/10/14      Mon 31/03/14       170  Wed 19/11/14    Fri 02/05/14          171  

265. 2nd Floor                       X  15 - 15 = 0  Wed 19/11/14     Fri 02/05/14          171  Mon 08/12/14    Wed 21/05/14       172  

266. Lift Installation      

267. Delivery of 4No Lift   XD  1 - 10  = - 9  Tue 27/05/14      Sat 18/01/14          109  Tue 27/05/14     Fri 31/01/14          125  

268. Lift for ten Passengers (2 No)   XD84-149 = - 65  Tue 03/06/14      Fri 31/01/14           104  Mon 15/09/14    Tue 05/08/1          434  

269. Cables and Guides            X   28 - 28 = 0  Tue 03/06/14      Fri 31/01/14           104  Mon 07/07/14    Thu 06/03/14        104 
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                  Appendix B5     CONTD.            
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1       

 
S/N             ACTIVITY                                                                       DV/DAYS            START      VAR                    DAYS             FINISH    VAR             DAYS  

270. Motors                                                                   X   28 - 28 = 0  Mon 07/07/14     Tue 27/05/14           34  Mon 11/08/14     Tue 01/07/14         34  

271. Cabin                                                         X   28 - 28 = 0  Mon 11/08/14     Tue 01/07/14           34  Mon 15/09/14     Tue 05/08/14         34  

272. Lift for Goods     

273. Cables and Guides  X   12 - 12 = 0  Mon 15/09/14     Tue 05/08/14           34  Tue 30/09/14      Wed 20/08/14        34  

274. Motors X   10 - 10 = 0  Tue 30/09/14      Wed 20/08/14          34  Mon 13/10/14     Mon 01/09/14        35 

275. Cabin X   14 - 14 = 0  Mon 13/10/14     Tue 02/09/14           34  Wed 29/10/14     Thu 18/09/14         34  

276. Lift for Goods/ Cargo     

277. Cables and Guides X   14 - 14 = 0   Mon 13/10/14    Tue 02/09/14           34  Wed 29/10/14     Thu 18/09/14         34  

278. Motors                                                                     X   10 - 10 = 0  Wed 29/10/14     Thu 18/09/14           34  Tue 11/11/14       Wed 01/10/14       34  

279. Cabin                                             X   14 - 14 = 0  Tue 11/11/14      Wed 01/10/14          34  Fri 28/11/14         Sat 18/10/14         34  

280. Fire Fighting     

281. Sprinklers Piping     

282. Delivery of pipes                   X     3 - 3  = 0  Tue 08/07/14      Thu 12/12/13         177  Thu 10/07/14       Tue 17/12/13      175  

283. Basement                               X   28 - 28 = 0  Fri 11/07/14        Tue 17/12/13         176  Thu 14/08/14       Mon 20/01/14     176  

284. Ground Floor                                 X   56 - 56 = 0  Thu 14/08/14      Tue 21/01/14         175  Thu 23/10/14       Mon 31/03/14     176  

285. 1st Floor                                                                                                                                                           X   38 - 38 = 0  Thu 23/10/14      Mon 31/03/14        176  Wed 10/12/14      Fri 16/05/14        177  

286. 2nd Floor  X   30 - 30 = 0  Wed 10/12/14     Sat 17/05/14          176  Fri 16/01/15         Tue 24/06/14      176  
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                 Appendix B5     CONTD.              

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1)  of Case Project 1   
 
S/N             ACTIVITY                                                                 DV/DAYS           START   VAR          DAYS  FINISH VAR             DAYS  

287. Fittings                                          X 15 - 15 = 0  Fri 10/04/15     Wed 17/09/14      175  Wed 29/04/15   Mon 06/10/14   175  

288. Extinguishers     

289. Gate House  X     1 - 1 = 0  Thu 21/08/14   Mon 20/01/14      182  Fri 22/08/14     Mon 20/01/14    183  

290. Facility mgt. Building  X     1 - 1 = 0  Thu 21/08/14   Fri 17/10/14      48 ve  Fri 22/08/14     Sat18/10/14    48  ve  

291. Basement   X     2 - 2 = 0  Mon 17/11/14  Mon 12/05/14      161  Wed 19/11/14   Wed 14/05/14   161  

292. Ground Floor                 X     5 - 5 = 0  Sat 25/04/15     Mon 13/10/14     166  Fri 01/05/15      Sat 18/10/14     166  

293. 1st Floor                                     X     2 - 2 = 0  Thu 16/04/15   Wed 08/10/14      162  Fri 17/04/15      Fri 10/10/14      161  

294. 2nd Floor              X     1 - 1 = 0  Tue 21/04/15   Mon 29/09/14      174  Wed 22/04/15   Tue 30/09/14     174  

295. FM 200 Gas System For Fire Suppression     

296. Delivery of pipes              X     5 - 5 = 0  Tue 27/05/14   Thu 12/12/13        141  Mon 02/06/14   Thu 19/12/13    140  

297. Ground Floor                         X 28 - 28 = 0  Mon 02/06/14  Thu 19/12/13       140  Mon 07/07/14   Wed 22/01/14   141  

298. 1st Floor  X 56 - 56 = 0  Mon 02/06/14  Thu 19/12/13       140  Mon 11/08/14   Wed 26/02/14   141  

299. 2nd Floor                                                                                                                                                                                                            X 21 - 21 = 0  Mon 02/06/14  Thu 19/12/13       140  Fri 27/06/14      Tue 14/01/14    140 

300. Fittings                             X 25 - 25 = 0  Fri 10/04/15     Wed 17/09/14      175  Tue 12/05/15     Sat 18/10/14     175  

301. External works         

302. Civil Work      

303. Ground Level Water Tanks    X 12 - 12 = 0  Thu 09/10/14   Wed 17/09/14        18  Thu 23/10/14    Thu 02/10/14       17  
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                 Appendix B5     CONTD.  
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1   

 
S/N              ACTIVITY                                                                        DV/DAYS           START     VAR                     DAYS           FINISH      VAR                       DAYS  

304.  Roof Water Tank              X         8 - 8 = 0  Thu 21/08/14    Wed 08/10/14       40 ve  Mon 01/09/14    Sat 18/10/14           40 ve  

305. Water Treatment Plants  XD   15 - 21 = - 6  Thu 21/08/14    Mon 20/01/14          182 Tue 09/09/14     Fri 14/02/14               176  

306. Bore hole Installation  X     14 - 14 = 0  Mon 22/09/14   Mon 01/09/14            17  Wed 08/10/14    Wed 17/09/14              17  

307. Septic Tank & Soakaway pit X     28 - 28 = 0  Mon 22/09/14   Mon 01/09/14            17  Sat 25/10/14       Sat 04/10/14                17  

308. Inspection Chamber                X     56 - 56 = 0  Mon 22/09/14   Mon 01/09/14            17  Sat 29/11/14       Sat 08/11/14                17  

309. Filling Station     

310. Underground fuel pump               X      14 - 14 = 0  Wed 07/08/13   Fri 10/10/14        367 ve Fri 23/08/13       Tue 28/10/14        368 ve  

311. Fuel Tank with conveyor belt  XD      25 - 4 = 21  Tue 03/06/14    Wed 07/08/13          256  Thu 03/07/14     Mon 12/08/13            278  

312. Super Structure  X      36 - 36 = 0  Mon 22/09/14   Mon 12/08/13          347  Wed 05/11/14    Wed 25/09/13            347  

313. Pumps and Piping         X      30 - 30 = 0  Wed 05/11/14    Wed 25/09/13         345 Fri 12/12/14       Fri 01/11/13               347  

314. Electrical fittings      X         7 - 7  = 0  Mon 24/11/14    Fri 01/11/13            331  Tue 02/12/14     Mon 11/11/13            330  

315. Fire Fighting     

316. Extinguishers                           X      16 - 16 = 0  Tue 21/04/15     Mon 29/09/14         174  Mon 11/05/15    Sat 18/10/14              174  

317. Hydrants  XD   45 - 65 = -20  Mon 22/09/14    Mon 01/09/14           17  Sat 15/11/14      Thu 20/11/14             3 ve  

318. Hosereel                                                                                                  XD   30 - 44 = -14  Sat 02/08/14      Sat 02/11/13            233  Tue 09/09/14     Fri 27/12/13               218  

319. Fire pumps                           XD  15 - 28 = - 13  Sat 02/08/14      Mon 20/01/14         166 Thu 21/08/14     Sat 22/02/14              153  
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                 Appendix B5      CONTD.                               
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1      

  
S/N        ACTIVITY                                                                        DV/DAYS           START      VAR                 DAYS          FINISH      VAR                     DAYS  

 320. Landscaping & Civil Works     

321. Flood Water Drainages  XD 94 - 122= - 28  Tue 09/09/14     Wed 23/10/13       274  Fri 02/01/15       Mon 24/03/14         243  

322.  Filling & Compaction of Site  X     84 - 84 = 0  Tue 10/06/14     Mon 19/05/14         18  Mon 22/09/14    Sat 30/08/14              18  

323. Interlocking tiles for Walkway X     56 - 56 = 0  Sat 03/01/15      Mon 24/03/14       244  Fri 13/03/15       Sat 31/05/14            244  

324. Concrete Driveways                                       X 120 - 120 = 0  Sat 03/01/15      Mon 24/03/14       244  Tue 02/06/15      Wed 20/08/14         244  

325. Green Areas                                            X     75 - 75 = 0  Sat 03/01/15      Mon 24/03/14       244  Tue 07/04/15      Wed 25/06/14         244  

326. Electricity      

327. Delivery of Transformer & Panels               X     16 - 16 = 0  Tue 27/05/14     Wed 25/06/14    24 ve  Mon 16/06/14    Tue 15/07/14        24 ve  

328. Low & High Voltage Panel                    X     36 - 36 = 0  Mon 16/06/14    Tue 15/07/14     24 ve  Wed 30/07/14    Thu 28/08/14        24 ve  

329. Generators  X        7 - 7  = 0  Mon 16/06/14    Tue 15/07/14     24 ve  Tue 24/0 6/14    Wed 23/07/14       24 ve  

330. Transformer                                            X     10 - 10 = 0  Mon 16/06/14    Tue 15/07/14     24 ve  Fri 27/06/14       Mon28/07/14        25 ve  

331. External Cabling (Armoured)                    X     40 - 40 = 0  Fri 27/06/14       Mon 28/07/14   25 ve  Sat 16/08/14       Mon 15/09/14      24 ve  

332. External LIGHTING (Poles)  X     61 - 61 = 0  Mon 08/12/14    Tue 25/02/12          44  Sat 21/02/15       Mon 12/05/14         244  

333. PHCN Power connection                                                                                                                                                         X     35 - 35 = 0  Sat 16/08/14       Mon 15/09/14   24 ve  Mon 29/09/14    Tue 28/10/14        24 ve  
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               Appendix B5     CONTD.                 
              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan B18(1) of Case Project 1    

 
S/N        ACTIVITY                                                                      DV/DAYS          START       VAR                    DAYS         FINISH        VAR                  DAYS  

334. Fence                                                                                       

335. Fence Structure (Type C)  X     21 - 21 = 0  Fri 01/05/15      Sat 19/07/14            244  Wed 27/05/15     Thu 14/08/14       244  

336. Concertina barbed Wire  X     14 - 14 = 0  Tue 02/06/15     Wed 20/08/14         244  Thu 18/06/15      Fri 05/09/14         244  

337. Fence Grills and Gates                                                  X     46 - 46 = 0  Mon 22/09/14   Mon 01/09/14           17  Tue 18/11/14      Mon 27/10/14        18  

338. Painting  X     40 - 40 = 0  Tue 07/04/15    Wed 25/06/14          244  Tue 26/05/15      Wed 13/08/14      244  

339. Decorations and Furniture  X     20 - 20 = 0  Fri 03/04/15      Fri 19/09/11              67  Tue 28/04/15      Wed 15/10/14      167  

340. Test Running                                                                                                                                                                    X         7 - 7 = 0   Thu 11/06/15   Thu 20/11/14           173  Fri 19/06/15        Fri 28/11/14         173  

341. Completion & Hand/over  X         1 - 1 = 0  Fri 19/06/15      Fri 28/11/14             173  Sat 20/06/15        Sat 29/11/14        173  

             pg.B5.21                                                          1262                                                                               1263                           

   
 

 
 
 

 
 

 
 
 

 
 

 

                 



434 
 

 

               Appendix B6                           

             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1            
 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

1. COMPLETION OF THE PROJECT      

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing / fire fighting  12  Thu 08/08/13  Thu 22/08/13   SNET  

4. Pre-shipment Inspection of Chillers & AHU  12  Tue 12/11/13  Tue 26/11/13   SNET  

5. Pre-shipment Inspection of Lift                                                                                              6  Sat 21/09/13  Sat 28/09/13   SNET  

6. Pre-shipment Inspection of Transformers & Panels  6  Fri 01/11/13  Fri 08/11/13   SNET  

7. Shipment for finishing / fire fighting  90  Thu 22/08/13  Thu 12/12/13  3 ALAP  

8. Shipment of electrical fittings                                                                                  90  Thu 22/08/13  Thu 12/12/13  7SS  ASAP  

9. Shipment of Chillers & AHU  107  Tue 26/11/13  Tue 08/04/14  4  ASAP  

10. Shipment Inspection of Lift  90  Sat 28/09/13  Sat 18/01/14  5 ASAP  

11. Shipment Inspection of Transformers & Panels                                                                 90  Wed 05/03/14  Wed 25/06/14 6 ALAP  

12. Completion of Structural Works                                   

13. Completion of the LIFT shaft  12  Wed 07/08/13   Wed 21/08/13   ASAP  

14. Completion of sub-structural work(main Building) 14  Wed 07/08/13   Fri 23/08/13   ASAP  

15. Completion of facial wall (main Building)  32  Wed 07/08/13   Mon 16/09/13   ASAP  

16. Underground diesel Tank (Generator's house)                                                               30  Wed 28/08/13   Thu 03/10/13   SNET  

17. Expansion Joint Treatment(Main building)  20  Thu 10/10/13   Mon 04/11/13  36 ASAP  
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               Appendix B6     CONTD.  
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1   

 
S/N                     ACTIVITY                                                                     D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

18. French Drain                                          45  Mon 24/03/14   Mon 19/05/14  69FS-15 days  ASAP  

19. Entrance Canopy (Main Building) 25  Fri 23/05/14   Tue 24/06/14  18FS+4 days  SNET  

20. Roofing Works     

21. Screeded bed for Waterproofing     

22. Gate House  5  Mon 04/11/13   Mon 11/11/13  15FS+2 days,17  SNET  

23. Facility mgt. Building  4  Wed 13/11/13   Mon 18/11/13  22FS+2 days  SNET  

24. Generator House                                                        7  Wed 20/11/13   Thu 28/11/13  23FS+2 days  SNET  

25. Main Building                                   30  Fri 29/11/13   Mon 06/01/14  24  SNET  

26. Installation of Waterproofing (Felting)     

27. Gate House                                        6  Thu 23/01/14   Thu 30/01/14  25FS+14 days  ASAP  

28. Facility mgt. Building  5  Fri 31/01/14   Thu 06/02/14  27FS+1 day  ASAP  

29. Generator House  8  Wed 12/02/14   Fri 21/02/14  28FS+4 days,24  SNET  

30. Main Building                                                                                                                               30  Mon 24/02/14   Wed 02/04/14  29FS+2 days  SNET  

31. Finish Works     

32. Partition Blocks     

33. Basement  14  Wed 07/08/13   Fri 23/08/13   ASAP  

34. Ground Floor  48  Wed 07/08/13   Fri 04/10/13   ASAP  
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                Appendix B6     CONTD.            

             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    
 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

35. 1st Floor                                                                             36 Wed 07/08/13    Fri 20/09/13   ASAP  

36. 2nd Floor  28  Thu 05/09/13    Thu 10/10/13  35FS-12 days  ASAP  

37. Rendering (Wall & Soffit)      

38. Basement  15  Wed 07/08/13    Mon 26/08/13   ASAP  

39. Ground Floor  30  Sat 05/10/13    Tue 12/11/13  34  ASAP  

40. 1st Floor        20  Fri 20/09/13    Tue 15/10/13  35  SNET 

41. 2nd Floor                                                                                                15  Tue 15/10/13    Sat 02/11/13  40  ASAP  

42. External Main Building                            56  Mon 04/11/13    Mon 13/01/14  36FS-12 days,17  ASAP  

43. Wall & Floor Tiling      

44. Internal Floor & Walls      

45. Delivery of Tiles (ceramic, Granite, Marble) 5  Thu 12/12/13    Thu 19/12/13  3FS+60 days,7  ASAP  

46. Gate House                                                   12  Thu 19/12/13    Thu 02/01/14  45 ASAP  

47. Facility mgt. Building  10  Thu 19/12/13    Tue 31/12/13  46SS  ASAP  

48. Basement                                                                  5  Thu 02/01/14    Thu 09/01/14  47FS+2 days,38  SNET  

49. Ground Floor                                                       85  Thu 02/01/14    Fri 18/04/14  46,176,39  SNET  

50. 1st Floor                                                                  45  Tue 25/03/14    Tue 20/05/14  49FS-20 days  SNET  

51. 2nd Floor                                                                 25  Wed 07/05/14    Sat 07/06/14  50FS-10 days  SNET  
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                 Appendix B6    CONTD.                        
              óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1      

 
  

S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

52. Decoration of wall for Banking Hall                       7  Fri 05/09/14    Sat 13/09/14   SNET  

53. BASF MASTERTOP Epoxy Resin flooring     

54. Facility mgt. Building  7  Wed 07/08/13    Thu 15/08/13   ASAP  

55. Basement                                                                 56  Mon 04/11/13    Mon 13/01/14  17  SNET  

56. Ground floor  45  Wed 25/12/13    Wed 19/02/14  17,55FS-15 days  SNET  

57. 1st Floor                                                                       21  Thu 06/02/14    Wed 05/03/14  56FS-10 days  SNET  

58. 2nd Floor                                                                         14  Mon 03/03/14    Wed 19/03/14  57FS-2 days  SNET  

59. Raised Floor Panels     

60. Delivery of Raised floor  5  Thu 12/12/13    Thu 19/12/13  7  ASAP  

61. Ground Floor  14  Thu 19/06/14    Mon 07/07/14  60,136  SNET  

62. 1st Floor                                                                       28  Tue 08/07/14    Mon 11/08/14  61,60,137  SNET  

63. 2nd Floor                                                                      40  Thu 17/07/14    Thu 04/09/14  62FS-20 days  SNET  

64. External wall Tilling      

65. Delivery of Tiles                                                          4  Thu 12/12/13    Wed 18/12/13  7  ASAP  

66. Gate House  14  Mon 03/02/14    Thu 20/02/14  65 ALAP  

67. Facility mgt. Building                                                        10  Thu 20/02/14    Wed 05/03/14  66  ASAP  

68. Back Elevation (Main Building)  20  Fri 08/08/14    Tue 02/09/14  67SS,42FS-25 days  ALAP  

   



438 
 

 

                 Appendix B6    CONTD.  
              óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1  

S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

69.  Right Elevation                            30    Wed 05/03/14     Fri 11/04/14  67  ASAP  

70. Left Elevation  30    Wed 03/09/14     Thu 09/10/14  68  ALAP  

71. Front Elevation  40    Fri 11/04/14       Fri 30/05/14  69  ASAP  

72. Courtyard at Bullion Area    15    Thu 09/10/14      Tue 28/10/14  70 ALAP  

73. External Alucobond     

74. Delivery of Alucobond  5    Thu 12/12/13      Thu 19/12/13  7  ASAP  

75. Gate House  21    Sat 11/01/14      Thu 06/02/14  74,27FS-15 days  ASAP  

76. Facility mgt. Building  7    Sat 11/01/14      Mon 20/01/14  75SS  ASAP  

77. Back Elevation (Main Building)            20    Fri 03/10/14      Tue 28/10/14  75 ALAP  

78. Right Elevation                                   30    Tue 21/01/14      Wed 26/02/14  76 ASAP  

79. Left Elevation  30    Wed 29/10/14     Thu 04/12/14  77  ASAP  

80. Front Elevation  40     Tue 09/09/14      Tue 28/10/14  78  ALAP  

81.     

82. Doors & Windows                                              

83. Doors & Windows  Sub-Frames     

84. Delivery of Frames  3    Thu 12/12/13      Tue 17/12/13  7  SNET  

85. Gate House  5    Tue 17/12/13      Mon 23/12/13  84  SNET  
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                   Appendix B6     CONTD.               
               óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
S/N                      ACTIVITY                                                                     D/DAYS      START  -   FINISH   PREC/REL.TYPE  CONST TYPE  

86.  Facility mgt. Building                     3  Tue 17/12/13   Fri 20/12/13  84  SNET   

87. Basement  2  Tue 17/12/13   Thu 19/12/13  33,84  SNET  

88. Ground Floor  14  Tue 17/12/13   Thu 02/01/14  87SS  SNET  

89. 1st Floor                                                                           10  Tue 17/12/13   Sat 28/12/13  35,84  SNET  

90. 2nd Floor                                               5  Wed 22/10/14   Tue 28/10/14  89,36  ALAP  

91. Chubb Doors & metal Gates     

92. Delivery of Doors  2  Wed 07/08/13   Thu 08/08/13   ASAP  

93. Basement  18  Mon 13/01/14   Tue 04/02/14  55  SNET  

94. Ground Floor  21  Mon 13/01/14   Fri 07/02/14  93SS  SNET  

95. 1st Floor                                                                 8  Fri 07/02/14  Tue 18/02/14  94  SNET  

96. 2nd Floor                                                                    3  Tue 18/02/14  Fri 21/02/14  95  ASAP  

97. Metal grill Gates     

98. Fabrication                                               20  Thu 12/12/13  Tue 07/01/14  7   ASAP  

99. Ground Floor                                        21  Mon 13/01/14  Fri 07/02/14  55  SNET 

100. 1st Floor                                                 8  Fri 07/02/14  Tue 18/02/14  99  SNET 

101.      
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                 Appendix B6      CONTD.        
               óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

102.  Wooden Flush & Aluminium Door     

103. Delivery of Doors                         4  Thu 12/12/13  Wed 18/12/13  7  ASAP  

104. Gate House  8  Thu 02/01/14  Mon 13/01/14  46  ASAP  

105. Facility mgt. Building  5  Tue 31/12/13  Tue 07/01/14  47  ASAP  

106. Basement                                       2  Thu 09/01/14  Sat 11/01/14  48  ASAP  

107. Ground Floor  35  Tue 08/07/14  Wed 20/08/14  49,61  FNET  

108. 1st Floor  15  Fri 05/09/14  Wed 24/09/14  50,62  ALAP  

109. 2nd Floor                                  10  Fri 05/09/14  Wed 17/09/14  51,63  SNET  

110. Ironmongery     

111. Delivery of Accessories                          3  Thu 12/12/13  Tue 17/12/13  7  ASAP  

112. Gate House  3  Fri 24/10/14  Tue 28/10/14  104FS+1 day  ALAP  

113. Facility mgt. Building  2  Tue 07/01/14  Thu 09/01/14  105  ASAP  

114. Basement                                                 2  Wed 07/08/13  Thu 08/08/13   ASAP  

115. Ground Floor  12  Tue 08/07/14  Tue 22/07/14  107SS  ASAP  

116. 1st Floor                                                                                            7  Fri 05/09/14  Sat 13/09/14  108SS  ASAP  

117. 2nd Floor  4  Thu 23/10/14  Tue 28/10/14  109  ALAP  
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               Appendix B6      CONTD.    
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
S/N                       ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

118.  Aluminium Windows / Cutting wall      

119. Delivery of Frames & Glazing  3  Thu 12/12/13   Tue 17/12/13  7  ASAP  

120. Gate House  14  Tue 17/12/13   Thu 02/01/14  119  ASAP  

121. Facility mgt. Building  10  Tue 17/12/13   Sat 28/12/13  120SS  ASAP  

122. Basement  2  Tue 11/03/14   Thu 13/03/14  121,38  ALAP  

123. Ground Floor                                                    65  Thu 13/03/14   Tue 03/06/14  122,39  ASAP  

124. 1st Floor                                                                 45  Tue 03/06/14   Tue 29/07/14  123,40  ALAP  

125. 2nd Floor                                            42  Tue 29/07/14   Thu 18/09/14  124,41  SNET  

126. Steel Burglar Proofing     

127. Fabrication  84  Thu 12/12/13   Thu 27/03/14  7  ASAP  

128. Ground Floor  45  Fri 02/05/14   Fri 27/06/14  123FS-25 days,127  ASAP  

129. 1st Floor                                             25  Tue 22/07/14   Fri 22/08/14  124FS-5 days  ASAP  

130.                                                                             

131. Suspended Ceiling     

132. Delivery of Materials  2  Thu 12/12/13   Mon 16/12/13  7  ASAP  

133. Gate House                                                   14  Thu 02/01/14   Mon 20/01/14  132,196  SNET  

134. Facility mgt. Building                                     10 Wed 15/01/14   Tue 28/01/14  133SS,197  SNET  
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               Appendix B6     CONTD.                         
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1      

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

135.  Basement                               20        Tue 11/02/14       Fri 07/03/14  134,38,239,198,283  SNET  

136. Ground Floor  56        Fri 11/04/14        Thu 19/06/14  135SS+18 days,240,245,199,284  SNET  

137. 1st Floor  40        Mon 19/05/14      Mon 07/07/14  136SS,241,246,200,285  SNET 

138. 2nd Floor                                                                                                                 30        Fri 04/07/14        Mon 11/08/14  137SS,242,247,201,286  SNET  

139. Aluminium Partitions                                     

140. Delivery of DEKO partition  3  Thu 12/12/13      Tue 17/12/13  7  ASAP  

141. Facility mgt. Building  7  Tue 28/01/14      Wed 05/02/14  140,134  SNET  

142. Basement  7  Fri 07/03/14        Sat 15/03/14  135,48  SNET  

143. Ground Floor  10        Tue 08/07/14       Sat 19/07/14  142,49,61  SNET  

144. 1st Floor                                                                                    18        Mon 11/08/14      Tue 02/09/14  143,50,62  SNET  

145. 2nd Floor                              28        Fri 05/09/14         Thu 09/10/14  144,51,63  SNET  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition  1  Thu 12/12/13      Fri 13/12/13  7  ASAP  

148. Ground Floor  7  Sat 18/10/14        Mon 27/10/14 147,188  SNET  

149. 1st Floor                                                                                                      5  Sat 18/10/14        Fri 24/10/14  148SS  SNET  

150. 2nd Floor  3          Sat 18/10/14        Wed 22/10/14 149SS  SNET  
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               Appendix B6       CONTD.                  
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

151. Painting (Wall & Soffit)                  

152. Priming of the surface     

153. Gate House  7            Tue 21/01/14      Wed 29/01/14  133  SNET  

154. Facility mgt. Building  5            Tue 28/01/14       Mon 03/02/14  134  ASAP  

155. Basement  40    Fri 07/03/14       Fri 25/04/14  135  ASAP  

156. Ground Floor                 70    Thu 19/06/14       Mon 15/09/14  136  SNET  

157. 1st Floor                                                 50    Tue 08/07/14       Mon 08/09/14  137  SNET  

158. 2nd Floor                                                30    Mon 11/08/14     Wed 17/09/14  138  SNET  

159. First Layer      

160. Gate House                          5    Mon 13/01/14     Sat 18/01/14  104,120  SNET  

161. Facility mgt. Building  4    Tue 07/01/14       Sat 11/01/14  105,121  SNET  

162. Basement  12    Fri 25/04/14       Mon 12/05/14  106,155,122  SNET  

163. Ground Floor                      22   Mon 15/09/14     Mon 13/10/14  107,156,128  SNET  

164. 1st Floor  12    Wed 24/09/14     Wed 08/10/14  108,157,129  SNET  

165. 2nd Floor                                                 8    Thu 18/09/14       Mon 29/09/14  109,158,125  SNET  

166. Second Layer     

167. Gate House  3    Mon 20/01/14     Wed 22/01/14  160  SNET  
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                 Appendix B6       CONTD.              
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1   

 
S/N                      ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

168.  Facility mgt. Building                                       2  Mon 27/10/14     Tue 28/10/14  161  ALAP  

169. Basement  14  Mon 12/05/14     Thu 29/05/14  162  ASAP  

170. Ground Floor  22  Wed 24/09/14     Tue 21/10/14  163FS-15 days  SNET  

171. 1st Floor                                                                                  12  Wed 08/10/14     Thu 23/10/14  164  SNET  

172. 2nd Floor  7  Mon 29/09/14     Tue 07/10/14  165  SNET  

173. Services     

174. Sanitary Work s     

175. Water supply Piping     

176. Ground Floor 23  Tue 24/09/13     Wed 23/10/13  34FS-9 days  ASAP  

177. 1st Floor  21  Mon 09/09/13     Fri 04/10/13  35FS-9 days  SNET  

178. 2nd Floor    15  Fri 04/10/13     Wed 23/10/13  36FS-5 days  SNET  

179. Rain & waste Water Piping     

180. Ground Floor                                   21  Tue 24/09/13     Mon 21/10/13  176SS  SNET  

181. 1st Floor  21  Mon 09/09/13     Fri 04/10/13  177SS  SNET  

182. 2nd Floor                                   17  Sat 05/10/13     Sat 26/10/13  181,178SS  SNET  

183. Sanitary Accessories     

184. Gate House                                      15  Mon 13/01/14     Fri 31/01/14  104  SNET  
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                 Appendix B6     CONTD.                                    

             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1      
 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

185. Facility mgt. Building              10    Tue 07/01/14     Sat 18/01/14  105  SNET  

186. Ground Floor                          65    Sat 11/01/14     Wed 02/04/14  106  SNET  

187. 1st Floor  28    Wed 20/08/14    Wed 24/09/14  107  SNET  

188. 2nd Floor                                                                                 20    Wed 24/09/14    Sat 18/10/14  108  SNET  

189. Electrical works     

190. Conduit     

191. Ground Floor  45    Sat 05/10/13      Fri 29/11/13  34  SNET  

192. 1st Floor  22    Fri 20/09/13      Thu 17/10/13  35  SNET  

193. 2nd Floor                                                 14    Thu 10/10/13      Mon 28/10/13  36  ASAP  

194. Cable tray & Trunking      

195. Delivery of materials                                          3    Thu 12/12/13      Tue 17/12/13  7  ASAP  

196. Gate House                                                 14    Tue 17/12/13      Thu 02/01/14  195  SNET  

197. Facility mgt. Building  10    Thu 02/01/14      Wed 15/01/14  196  SNET  

198. Basement                                                            21    Wed 15/01/14    Tue 11/02/14  197  SNET  

199. Ground Floor   48    Tue 11/02/14      Fri 11/04/14  198  SNET  

200. 1st Floor                                                                                               30    Fri 11/04/14      Mon 19/05/14   199  SNET  

201. 2nd Floor  17    Mon 19/05/14    Mon 09/06/14  200  SNET  
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                 Appendix B6      CONTD.                                      
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1       

 
S/N                     ACTIVITY                                                                     D/DAYS         START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

202. Cabling                                                                       

203. Gate House  14    Mon 13/01/14     Thu 30/01/14  104,196  SNET  

204. Facility mgt. Building  10    Wed 15/01/14     Tue 28/01/14  105,197  SNET 

205. Basement  21    Tue 11/02/14       Sat 08/03/14  106,198  SNET  

206. Ground Floor                                                                                           35    Wed 20/08/14     Thu 02/10/14  107,199  SNET  

207. 1st Floor                                                     20    Wed 24/09/14     Sat 18/10/14  108,200  SNET  

208. 2nd Floor                                          15    Wed 17/09/14     Mon 06/10/14  109,201  SNET  

209. Distribution Boards and Power points     

211. Facility mgt. Building  7    Wed 29/01/14     Thu 06/02/14  153  SNET  

210. Gate House  7    Mon 03/02/14     Wed 12/02/14  154  SNET  

212. Basement  10    Fri 25/04/14       Thu 08/05/14  155  SNET  

213. Ground Floor                                                                       20    Mon 15/09/14     Thu 09/10/14  156,212SS  SNET  

214. 1st Floor  11    Mon 08/09/14     Mon 22/09/14  157  SNET  

215. 2nd Floor  7   Wed 17/09/14       Fri 26/09/14  158   SNET  

216. Electrical Lighting & Socket                                                                                      

217. Delivery of electrical fittings  2   Thu 12/12/13       Mon 16/12/13  8  ASAP  

218. Gate House  7   Mon 13/01/14       Tue 21/01/14  160SS,217  SNET  
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                Appendix B6     CONTD.                                           

             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    
  
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

219.  Facility mgt. Building                               7   Tue 07/01/14    Wed 15/01/14  161SS  ASAP  

220. Basement  14   Fri 25/04/14    Tue 13/05/14  162SS  SNET  

221. Ground Floor  21   Mon 15/09/14    Fri 10/10/14  163SS  SNET  

222. 1st Floor                                                                         18   Wed 24/09/14    Thu 16/10/14  164SS  SNET  

223. 2nd Floor                                              15   Thu 18/09/14    Tue 07/10/14  165SS  SNET  

224. Extra low Voltage Devices     

225. Cabling  66   Wed 21/05/14    Mon 11/08/14  155  ALAP  

226. CCTV  42   Mon 11/08/14    Thu 02/10/14  225,138  SNET  

227. Door Access controls  42   Mon 11/08/14    Thu 02/10/14  225,138  SNET  

228. Panic Buttons                                       38   Mon 11/08/14     Sat 27/09/14  225,138  SNET  

229. Public Address system                         38   Tue 02/09/14     Sat 18/10/14  225,138  ALAP  

230. BMS Configuration                              55   Mon 11/08/14     Sat 18/10/14  225,138  ASAP  

231. Fire Alarm Systems     

232. Cabling  56   Thu 03/07/14     Thu 11/09/14  155  ALAP  

233. Installation of Equipment                                                                30   Thu 11/09/14     Sat 18/10/14  138,232  SNET  

234. Data Transmission & IT     

235. Cabling  55   Fri 04/07/14     Thu 11/09/14  155  ALAP  
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                Appendix B6    CONTD.                                  
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1         

  
S/N                     ACTIVITY                                                                     D/DAYS        START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

236. Installation of Equipment                                30     Thu 11/09/14      Sat 18/10/14  235,138  SNET  

237. Air Conditioning      

238. Air Ducts      

239. Basement  15     Wed 07/08/13     Mon 26/08/13   SNET  

240. Ground Floor  25     Wed 07/08/13     Fri 06/09/13   SNET  

241. 1st Floor  42     Fri 06/09/13        Tue 29/10/13  240  SNET  

242. 2nd Floor                                                          30     Tue 29/10/13      Thu 05/12/13  241  SNET  

243. Chilled Water piping      

244. Ground Floor  20    Wed 07/08/13     Sat 31/08/13   SNET  

245. 1st Floor  20     Mon 02/09/13     Thu 26/09/13  244  FNET  

246. 2nd Floo r  25     Thu 26/09/13      Sat 26/10/13  245  FNET  

247. External Piping                                                                                                                            108    Mon 28/10/13     Tue 11/03/14  246  SNET  

248. Lagging/Cladding of Chiller piping 164     Fri 13/09/13        Fri 04/04/14   FNET  

249. Grilles & Diffusers      

250. Basement  14     Fri 07/03/14        Tue 25/03/14  135,106  SNET  

251. Ground Floor                                                                                     28     Sat 13/09/14        Sat 18/10/14  136,107  ALAP  

252. 1st Floor  18     Wed 24/09/14     Thu 16/10/14  137,108  ASAP  
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                Appendix B6    CONTD.                                            
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1     

 
S/N                     ACTIVITY                                                                     D/DAYS      START  -   FINISH  PREC/REL.TYPE  CONST TYPE  

253.  2nd Floor                    18         Fri 26/09/14 Sat 18/10/14  138,109  ALAP  

254. Equipments     

255. Installation of Chillers  10        Tue 08/04/14 Mon 21/04/14  9  ASAP  

256. Air Handling Units      

257. Ground Floor  11        Tue 15/04/14 Mon 28/04/14  9FS+5 days  SNET  

258. 1st Floor  4        Tue 29/04/14 Fri 02/05/14  257  SNET  

259. 2nd Floor                                  3        Sat 03/05/14 Wed 07/05/14  258  SNET  

260. Backup/Split Units     

261. Gate House  10        Mon 23/12/13 Fri 03/01/14   SNET  

262. Facility  7         Tue 03/06/14 Wed 11/06/14  261  ALAP  

263. Ground Floor  62         Wed 11/06/14 Wed 27/08/14  262  SNET  

264. 1st Floor                                        27         Wed 27/08/14 Tue 30/09/14  263  SNET  

265. 2nd Floor  15         Tue 30/09/14 Sat 18/10/14  264  SNET  

266. Lift Installation      

267. Delivery of 4No Lift  10         Sat 18/01/14 Fri 31/01/14  10  ASAP  

268. Lift for ten Passengers (2 No)          

269. Cables and Guides  28        Fri 31/01/14 Thu 06/03/14  267  SNET  
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                Appendix B6     CONTD.                                 
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
  S/N      ACTIVITY                                                                                                                                               D/DAYS       START  -   FINISH  PREC/REL.TYPE   CONST TYPE  

270. Motors                                          28     Tue 27/05/14      Tue 01/07/14  269  ALAP  

271. Cabin 28     Tue 01/07/14      Tue 05/08/14  270  ASAP  

272. Lift for Goods     

273. Cables and Guides  12     Tue 05/08/14      Wed 20/08/14  271  SNET  

274. Motors                                    10     Wed 20/08/14     Mon 01/09/14  273  ASAP  

275. Cabin  14     Tue 02/09/14      Thu 18/09/14  274  ALAP  

276. Lift for Goods  / Cargo     

277. Cables and Guides  14    Tue 02/09/14      Thu 18/09/14  275SS  SNET  

278. Motors  10     Thu 18/09/14      Wed 01/10/14  277  ALAP  

279. Cabin                                                  14     Wed 01/10/14     Sat 18/10/14  278  ASAP   

280. Fire Fighting         

281. Sprinklers Piping     

282. Delivery of pipes                             3    Thu 12/12/13      Tue 17/12/13  7  ASAP  

283. Basement  28          Tue 17/12/13        Mon 20/01/14  282  SNET  

284. Ground Floor  56          Tue 21/01/14        Mon 31/03/14 283  SNET  

285. 1st Floor                                38     Mon 31/03/14      Fri 16/05/14  284  SNET  

286. 2nd Floor  30     Wed 28/05/14      Fri 04/07/14  285  ALAP  
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                Appendix B6      CONTD.                   
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1   

 
  S/N      ACTIVITY                                                                                                                                               D/DAYS        START  -   FINISH  PREC/REL.TYPE   CONST TYPE  

287. Fittings                                                                                              15    Wed 17/09/14       Mon 06/10/14  138,109  ASAP  

288. Extinguishers     

289. Gate House  1    Mon 20/01/14       Mon 20/01/14  160  SNET  

290. Facility mgt. Building  1   Fri 17/10/14         Sat 18/10/14  161,289SS  ALAP  

291. Basement  2    Mon 12/05/14       Wed 14/05/14  162  ASAP  

292. Ground Floor                                                                                    5    Mon 13/10/14       Sat 18/10/14  163  ALAP  

293. 1st Floor                                                            2    Wed 08/10/14       Fri 10/10/14  164  SNET  

294. 2nd Floor                                                 1    Mon 29/09/14       Tue 30/09/14  165  SNET  

295. FM 200 Gas System For Fire Suppression                                    

296. Delivery of pipes  5   Thu 12/12/13        Thu 19/12/13  7  ASAP  

297. Ground Floor                                            28   Thu 19/12/13        Wed 22/01/14  296  SNET  

298. 1st Floor  56    Thu 19/12/13        Wed 26/02/14  297SS  SNET  

299. 2nd Floor                                                                                21    Thu 19/12/13        Tue 14/01/14  298SS  SNET  

300. Fittings  25    Wed 17/09/14       Sat 18/10/14  138,109  ALAP  

301. External works      

302. Civil Work      

303. Ground Level Water Tanks  12    Wed 17/09/14       Thu 02/10/14  306  SNET  
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                Appendix B6     CONTD.                

             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1        
 
  S/N          ACTIVITY                                                                                                                                               D/DAYS            START   -   FINISH  PREC/REL.TYPE   CONST TYPE  

304. Roof Water Tank     8        Wed 08/10/14   Sat 18/10/14  30  ALAP  

305. Water Treatment Plants  21       Mon 20/01/14   Fri 14/02/14  7FS+30 days  SNET  

306. Bore hole Installation  14        Mon 01/09/14   Wed 17/09/14  322  SNET  

307. Septic Tank & Soakaway pit          28        Mon 01/09/14   Sat 04/10/14  322  ASAP  

308. Inspection Chamber                                  56        Mon 01/09/14   Sat 08/11/14  322  ASAP  

309. Filling Station     

310. Underground fuel pumps  14        Fri 10/10/14   Tue 28/10/14   ALAP  

311. Fuel Tank with conveyor belt   4        Wed 07/08/13   Mon 12/08/13   ASAP  

312. Super Structure  36       Mon 12/08/13   Wed 25/09/13  311  SNET  

313. Pumps and Piping                   30        Wed 25/09/13   Fri 01/11/13  312  SNET  

314. Electrical fittings  7        Fri 01/11/13   Mon 11/11/13  313  ASAP  

315. Fire Fighting     

316. Extinguishers  16       Mon 29/09/14   Sat 18/10/14  165  SNET  

317. Hydrants  65       Mon 01/09/14   Thu 20/11/14  322  SNET  

318. Hosereel                                                                     44       Mon 25/08/14   Sat 18/10/14  41   ALAP  

319. Fire pumps 28       Mon 20/01/14   Sat 22/02/14  305SS ASAP 
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                Appendix B6    CONTD.                           
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1      

 
  S/N      ACTIVITY                                                                                                                                               D/DAYS      START  -   FINISH  PREC/REL.TYPE   CONST TYPE  

320. Landscaping & Civil Works                                

321. Flood Water Drainages  122            Wed 23/10/13       Mon 24/03/14  16FS+15 days  SNET  

322. Filling& Compaction of Site (Earthworks)  84         Mon 19/05/14       Sat 30/08/14  18  ASAP  

323. Interlocking tiles for Walkway  56         Mon 24/03/14       Sat 31/05/14  321  SNET  

324. Concrete Driveways                                                                                                                        120            Mon 24/03/14       Wed 20/08/14  321  SNET  

325. Green Areas                                                   75         Mon 24/03/14       Wed 25/06/14  321  SNET  

326. Electricity      

327. Delivery of Transformer & Panels   16         Wed 25/06/14       Tue 15/07/14  11  ASAP  

328. Low & High Voltage Panel  36         Tue 15/07/14        Thu 28/08/14  327  SNET  

329. Generators  7         Tue 15/07/14        Wed 23/07/14  327  SNET  

330. Transformer                                                            10         Tue 15/07/14        Mon 28/07/14  327  ALAP  

331. External Cabling(Armoured)  40         Mon 28/07/14       Mon 15/09/14  330  SNET  

332. External LIGHTING(Poles and fittings)                     61         Mon 04/08/14       Sat 18/10/14  321FS-21 days  ALAP  

333. PHCN Power connection  35         Mon 15/09/14       Tue 28/10/14  331  ASAP  
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                Appendix B6     CONTD.   
             óAs-Plannedô Schedule for Baseline Plan C36(1) of Case Project 1    

 
  S/N      ACTIVITY                                                                                                                                               D/DAYS                START    -    FINISH  PREC/REL.TYPE   CONST TYPE  

334. Fence                                              

335. Fence Structure (Type C)  21             Sat 19/07/14       Thu 14/08/14  324FS-25 days  ASAP  

336. Concertina barbed Wire  14            Wed 20/08/14       Fri 05/09/14  324  SNET  

337. Fence Grills and Gates  46             Mon 01/09/14       Mon 27/10/14  322  SNET  

338. Painting  40             Tue 09/09/14       Tue 28/10/14  325  ALAP  

339. Decorations and Furniture                                                     20             Fri 19/09/14       Wed 15/10/14  165FS-7 days  SNET  

340. Test Running  7             Thu 20/11/14       Fri 28/11/14  173,315,332,302,339  SNET  

341. Completion & Hand/over  1             Fri 28/11/14       Sat 29/11/14  340  SNET  
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                 Appendix B7     
                 óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1                

   
S/N        ACTIVITY                                                                      DV/DAYS           START    VAR                  DAYS          FINISH   VAR                 DAYS  

1. COMPLETION OF THE PROJECT      

2. Pre-shipment Inspection & Shipment of Materials     

3. Pre-shipment Inspection for finishing                        X 12 - 12 = 0  Tue 01/10/13   Thu 08/08/13       45  Tue 15/10/13   Thu 22/08/13     45  

4. Pre-shipment Inspection of Chillers                12 - 12 = 0  Tue 12/11/13   Tue 12/11/13  Tue 26/11/13    Tue 26/11/13          

5. Pre-shipment Inspection of Lift                    6 - 6 = 0  Sat 21/09/13    Sat 21/09/13  Sat 28/09/13     Sat 28/09/13  

6. Pre-shipment Inspection of Transformers         6 - 6 = 0  Fri 01/11/13     Fri 01/11/13  Fri 08/11/13     Fri 08/11/13  

7. Shipment for finishing / fire fighting  X 90 - 90 = 0  Tue 15/10/13   Thu 22/08/13       45  Tue 04/02/14    Thu 12/12/13    45  

8. Shipment of electrical fittings          X 90 - 90 = 0  Tue 15/10/13   Thu 22/08/13       45  Tue 04/02/14    Thu 12/12/13    45  

9. Shipment of Chillers & AHU  107 - 107 = 0  Tue 26/11/13    Tue 26/11/13  Tue 08/04/14    Tue 08/04/14  

10. Shipment Inspection of Lift  X 90 - 90 = 0  Mon 28/10/13   Sat 28/09/13       24  Sat 15/02/14     Sat 18/01/14     24  

11. Shipment Inspection of Transformers    X 90 - 90 = 0  Wed 05 /03/14   Fri 08/11/13   97ve  Wed 25/06/14   Fri 28/02/14  97ve 

12. Completion of Structural Works      

13. Completion of the LIFT shaft X 12 - 12 = 0  Tue 27/05/14    Wed 07/08/13   250 Tue 10/06/14   Wed 21/08/13  250  

14. Completion of sub-structural work            XD 27-14 = 13  Mon 22/09/14   Wed 07/08/13   351  Fri 24/10/14    Fri 23/08/13     365  

15. Completion of facial wall                           X 32 - 32 = 0  Mon 28/07/14   Wed 07/08/13   303  Thu 04/09/14   Mon 16/09/13  303 

16. Underground diesel Tank                                                                                                                                                           X 30 - 30 = 0  Thu 12/06/14    Wed 28/08/13   240  Fri 18/07/14     Thu 03/10/13   240  

17. Expansion Joint Treatment  X 20 - 20 = 0  Thu 10/07/14    Thu 10/10/13    233  Mon 04/08/14   Mon 04/11/13 233  
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            Appendix B7      CONTD.                                                         

           óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1       
  
S/N        ACTIVITY                                                                      DV/DAYS             START   VAR                        DAYS           FINISH VAR                             DAYS  

18. French Drain                  XD  54 - 45 = 9  Thu 25/09/14     Mon 24/03/14         158  Tue 02/12/14     Mon 19/05/14          168  

19. Entrance Canopy  XD  45 - 25 = 20  Mon 10/11/14    Fri 23/05/14           145  Sat 03/01/15      Tue 24/06/14           165  

20. Roofing Works     

21. Screeded bed for Waterproofing    

22. Gate House  X      5 - 5  = 0  Mon 08/09/14    Mon 04/11/13         263  Sat 13/09/14      Mon 11/11/13          263  

23. Facility mgt. Building  X      4 - 4  = 0  Tue 16/09/14     Wed 13/11/13         262 Sat 20/09/14      Mon 18/11/13         262  

24. Generator House   X      7 - 7  = 0  Wed 24/09/14    Wed 20/11/13         263 Thu 02/10/14     Thu 28/11/13          263  

25. Main Building                       X    30 - 30 = 0  Tue 27/05/14     Fri 29/11/13           152  Wed 02/07/14    Mon 06/01/14         152  

26.Installation of Waterproofing(Felting     

27. Gate House  X      6 - 6  = 0  Mon 21/07/14    Thu 23/01/14          152  Mon 28/07/14    Thu 30/01/14           152  

28. Facility mgt. Building           X      5 - 5  = 0  Tue 29/07/14     Fri 31/01/14           152 Mon 04/08/14    Thu 06/02/14           152  

29. Generator House  X      8 - 8  = 0  Thu 02/10/14     Wed 12/02/14         198 Mon 13/10/14    Fri 21/02/14            198  

30. Main Building                                    XD  70 - 30 = 40  Tue 27/05/14      Mon 24/02/14          78  Thu 21/08/14     Wed 02/04/14          120  

31. Finish Works     

32. Partition Blocks     

33. Basement  X     14 - 14 = 0  Tue 27/05/14    Wed 07/08/13          246  Thu 12/06/14     Fri 23/08/13            246  

34. Ground Floor                       XD 20-48 = - 28  Tue 27/05/14    Wed 07/08/13          246  Fri 20/06/14      Fri 04/10/13             221  
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              Appendix B7    CONTD.                                                     
            óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1           

S/N             ACTIVITY                                                                       DV/DAYS                START   VAR                     DAYS  FINISH VAR             DAYS  

35. 1st Floor                  XD 20 -36 = - 16  Tue 27/05/14     Wed 07/08/13         250  Fri 20/06/14      Fri 20/09/13          233  

36. 2nd Floor                       X   28 - 28 = 0  Thu 05/06/14     Thu 05/09/13          233 Thu 10/07/14    Thu 10/10/13         233  

37. Rendering (Wall & Soffit)      

38. Basement  X   15 - 15 = 0  Tue 27/05/14     Wed 07/08/13         250 Fri 13/06/14      Mon 26/08/13        250  

39. Ground Floor  X   30 - 30 = 0  Fri 20/06/14       Sat 05/10/13           220  Mon 28/07/14   Tue 12/11/13         220  

40. 1st Floor  X   20 - 20 = 0  Fri 20/06/14       Fri 20/09/13           233  Tue 15/07/14    Tue 15/10/13          233  

41. 2nd Floor                             X   15 - 15 = 0  Tue 15/07/14     Tue 15/10/13           233 Sat 02/08/14     Sat 02/11/13           233 

42. External Main Building     X   56 - 56 = 0  Mon 04/08/14    Mon 04/11/13           23 Mon 13/10/14   Mon 13/01/14        233  

43. Wall & Floor Tiling      

44. Internal Floor & Walls      

45. Delivery of Tiles (Marble)   X      5 - 5 = 0  Mon 30/06/14    Thu 12/12/13          170  Fri 04/07/14      Thu 19/12/13         170  

46. Gate House                XD 25 - 12 = 13  Sat 05/07/14      Thu 19/12/13          169  Tue 05/08/14    Thu 02/01/14         183  

47. Facility mgt. Building  XD 20 - 10 = 10  Sat 05/07/14      Thu 19/12/13          169  Wed 30/07/14   Tue 31/12/13         180  

48. Basement                          XD  10 - 5 = 5  Fri 01/08/14      Thu 02/01/14           180  Thu 14/08/14    Thu 09/01/14         185  

49. Ground Floor  X   85 - 85 = 0  Tue 05/08/14     Thu 02/01/14          183  Wed 19/11/14   Fri 18/04/14           183  

50. 1st Floor  X   45 - 45 = 0  Sat 25/10/14      Tue 25/03/14           183 Fri 19/12/14      Tue 20/05/14         183  

51. 2nd Floor                                                                                                                                                                       X   25 - 25 = 0  Mon 08/12/14    Wed 07/05/14         183  Thu 08/01/15    Sat 07/06/14           183  
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                    Appendix B7     CONTD.                                   
                 óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1     

 
S/N        ACTIVITY                                                                        DV/DAYS             START   VAR                        DAYS                 FINISH VAR             DAYS  

52. Decoration of wall for Banking Hall        X       7 - 7  =  0  Thu 05/02/15      Fri 05/09/14           131  Fri 13/02/15      Sat 13/09/14          131  

53. BASF MASTERTOP Epoxy Resin flooring     

54. Facility mgt. Building  X       7 - 7  =  0  Tue 27/01/15      Wed 07/08/13        441  Wed 04/02/15    Thu 15/08/13        441  

55. Basement  X    56 - 56  =  0  Mon 04/08/14     Mon 04/11/13        233  Mon 13/10/14    Mon 13/01/14       233  

56. Ground floor  X    45 - 45  =  0  Wed 24/09/14     Wed 25/12/13        233  Wed 19/11/14    Wed 19/02/14       233  

57. 1st Floor                                          X    21 - 21  =  0  Fri 07/11/14       Thu 06/02/14          234  Wed 03/12/14    Wed 05/03/14       234  

58. 2nd Floor                                          X    14 - 14  =  0  Tue 02/12/14     Mon 03/03/14         234  Thu 18/12/14     Wed 19/03/14       234  

59. Raised Floor Panels     

60. Delivery of Raised floor                           X       5 - 5  =  0  Thu 09/10/14      Thu 12/12/13         257  Wed 15/10/14    Thu 19/12/13        257  

61. Ground Floor                                        X    14 - 14  =  0  Thu 01/01/15     Thu 19/06/14          167  Mon 19/01/15    Mon 07/07/14       167  

62. 1st Floor  X    28 - 28  =  0  Wed 28/01/15     Tue 08/07/14         148  Wed 04/03/15    Mon 11/08/14       148  

63. 2nd Floor                                 X    40 - 40  =  0  Sat 07/02/15       Thu 17/07/14         175  Mon 30/03/15    Thu 04/09/14        175  

64. External wall Tilling      

65. Delivery of Tiles                                        X       4 - 4  =  0  Mon 04/08/14     Thu 12/12/13         200  Thu 07/08/14     Wed 18/12/13       200  

66. Gate House  X    14 - 14  =  0  Fri 08/08/14       Mon 03/02/14        159  Tue 26/08/14     Thu 20/02/14        159  

67. Facility mgt. Building  X    10 - 10  =  0  Tue 26/08/14      Thu 20/02/14         186  Sat 06/09/14      Wed 05/03/14       186  

68. Back Elevation(Main Building)                                                                                                                                                           X    20 - 20  =  0  Thu 11/09/14      Fri 08/08/14            28  Tue 02/09/14     Mon 06/10/14         28  
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                   Appendix B7    CONTD.                                  
                 óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1        

 
S/N        ACTIVITY                                                                 DV/DAYS               START   VAR                      DAYS             FINISH   VAR        DAYS  

69. Right Elevation                                                  X   30 - 30 = 0  Sat 06/09/14      Wed 05/03/14         158  Tue 14/10/14     Fri 11/04/14          158  

70. Left Elevation  X   30 - 30 = 0  Mon 06/10/14    Wed 03/09/14           27  Wed 12/11/14    Thu 09/10/14          27  

71. Front Elevation  X   40 - 40 = 0  Wed 03/12/14    Fri 30/05/14           185  Tue 14/10/14     Fri 11/04/141          85  

72. Courtyard at Bullion Area         X     15-15 = 0  Wed 12/11/14    Thu 09/10/14            28  Mon 01/12/14    Tue 28/10/14          28  

73. External Alucobond      

74. Delivery of Alucobond  X      5 - 5 = 0  Tue 05/08/14     Thu 12/12/13          201  Mon 11/08/14    Thu 19/12/13        201  

75. Gate House  X   21 - 21 = 0  Tue 26/08/14     Sat 11/01/14           193  Sat 20/09/14      Thu 06/02/14        193  

76. Facility mgt. Building  X     7 - 7  = 0  Sat 06/09/14      Sat 11/01/14           203  Mon 15/09/14    Mon 20/01/14       203  

77. Back Elevation(Main Building)                            X   20 - 20 = 0  Sat 20/09/14      Fri 03/10/14             10  Wed 15/10/14    Tue 28/10/14          10  

78. Right Elevation  X   30 - 30 = 0  Mon 15/09/14    Tue 21/01/14          202  Wed 22/10/14    Wed 26/02/14       202  

79. Left Elevation  X   30 - 30 = 0  Wed 15/10/14    Wed 29/10/14           11  Thu 04/12/14     Fri 21/11/14           11  

80. Front Elevation                                            X   40 - 40 = 0  Wed 22/10/14    Tue 09/09/14            11  Thu 11/12/14     Tue 28/10/14          11  

81.                                                                           

82. Doors & Windows     

83. Doors & Windows Sub-Frames     

84. Delivery of Frames  X     3 - 3 = 0  Thu 24/07/14     Thu 12/12/13          191  Mon 28/07/14    Tue 17/12/13        191  

85. Gate House                                                                                                                                                                                           X     5 - 5 = 0  Mon 28/07/14    Tue 17/12/13          190  Sat 02/08/14      Mon 23/12/13       190  
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                    Appendix B7   CONTD.                                                         
                    óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1                

  
S/N        ACTIVITY                                                                       DV/DAYS                START     VAR                   DAYS                FINISH      VAR             DAYS  

86. Facility mgt. Building  X        3 - 3 = 0  Mon 28/07/14     Tue 17/12/13         190  Thu 31/07/14      Fri 20/12/13        190  

87. Basement  X        2 - 2 = 0  Mon 28/07/14     Tue 17/12/13         190  Wed 30/07/14     Thu 19/12/13       190  

88. Ground Floor  X    14 - 14 = 0  Mon 28/07/14     Tue 17/12/13         190  Thu 14/08/14      Thu 02/01/14       190  

89. 1st Floor                                 X    10 - 10 = 0  Mon 28/07/14     Tue 17/12/13         190  Fri 08/08/14        Sat 28/12/13       190  

90. 2nd Floor                                    X       5 - 5 = 0  Fri 08/08/14        Wed 22/10/14     63 ve  Fri 15/08/14        Tue 28/10/14    63 ve  

91. Chubb Doors & metal Gates     

92. Delivery of Doors           X       2 - 2 = 0  Tue 27/05/14      Wed 07/08/13        249  Wed 28/05/14     Thu 08/08/13       249  

93. Basement  X    18 - 18 = 0  Thu 29/05/14      Mon 13/01/14        116  Fri 20/06/14        Tue 04/02/14       116 

94. Ground Floor  XD 15 - 21 = -16  Fri 20/06/14        Mon 13/01/14       135  Wed 09/07/14     Fri 07/02/14         135  

95. 1st Floor                                   XD   10 - 8  = - 2  Wed 09/07/14     Fri 07/02/14          129  Mon 21/07/14     Tue 18/02/14       129  

96. 2nd Floor                                   XD   10 - 3 = -7  Mon 21/07/14     Tue 18/02/14         130  Sat 02/08/14       Fri 21/02/14        130  

97. Metal grill Gates     

98. Fabrication                        X   20 - 20 = 0  Mon 11/08/14     Thu 12/12/13         206  Thu 04/09/14      Tue 07/01/14       206  

99. Ground Floor                        X   21 - 21 = 0  Mon 13/10/14     Mon 13/01/14        233  Fri 07/11/14       Fri 07/02/14         233  

100. 1st Floor                                                                                                                                                                                 X      8 - 8 = 0  Fri 07/11/148      Fri 07/02/14          233  Tue 18/11/14      Tue 18/02/14        233 

101.     
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                     Appendix B7      CONTD.                                  

                  óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1      
 
  
S/N        ACTIVITY                                                                     DV/DAYS          START      VAR                  DAYS                   FINISH VAR                     DAYS  

102. Wooden Flush & Aluminium Door    

103. Delivery of Doors  X   4 - 4 = 0  Mon 21/07/14     Thu 12/12/13        189  Thu 24/07/14     Wed 18/12/13          186  

104. Gate House  X   8 - 8 = 0  Tue 05/08/14      Thu 02/01/14        185  Fri 15/08/14       Mon 13/01/14         183  

105. Facility mgt. Building  X   5 - 5 = 0  Wed 30/07/14     Tue 31/12/13        180  Tue 05/08/14     Tue 07/01/14           153  

106. Basement                     X   2 - 2 = 0  Thu 14/08/14      Thu 09/01/14        185  Sat 16/08/14      Sat 11/01/14            185  

107. Ground Floor  X  35-35 = 0  Mon 19/01/15     Tue 08/07/14        166  Tue 03/03/15     Wed 20/08/14          165  

108. 1st Floor  X  15-15 = 0  Wed 04/03/15     Fri 05/09/14         174  Mon 23/03/15    Wed 24/09/14         153  

109. 2nd Floor                                  X  10-10 = 0  Mon 30/03/15     Fri 05/09/14         175  Fri 10/04/15       Wed 17/09/14         148  

110. Ironmongery                                                                                        

111. Delivery of Accessories  X    3-3  = 0  Mon 28/07/14    Thu 12/12/13         194  Wed 30/07/14    Tue 17/12/13           194  

112. Gate House               X  3 - 3  = 0  Sat 16/08/14      Fri 24/10/14          58  Wed 20/08/14    Tue 28/10/14             58  

113. Facility mgt. Building  X  2 - 2  = 0  Tue 05/08/14      Tue 07/01/14        179  Thu 07/08/14     Thu 09/01/14           179  

114. Basement                       XD  3 - 2 = 1  Thu 07/08/14     Wed 07/08/13        312  Mon 11/08/14    Thu 08/08/13           314  

115. Ground Floor  X 12 - 12 = 0  Mon 19/01/15    Tue 08/07/14         166  Tue 03/02/15     Tue 22/07/14           167  

116. 1st Floor  X    7 - 7 = 0  Wed 04/03/15     Fri 05/09/14         153  Fri 13/03/15      Sat 13/09/14             131  

117. 2nd Floor                                                                                       X    4 - 4 = 0  Fri 10/04/15       Thu 23/10/14        144  Wed 15/04/15    Tue 28/10/14           144  
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                Appendix B7      CONTD.                      

              óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1  
 
S/N        ACTIVITY                                                                       DV/DAYS              START   VAR                     DAYS            FINISH    VAR                      DAYS  

118. Aluminium Windo ws/Cutting wall    

119. Delivery of Frames & Glazing  X       3 - 3 = 0  Wed 09/07/14     Thu 12/12/13       118  Fri 11/07/14       Tue 17/12/13        116  

120. Gate House  X    14 - 14 = 0  Sat 12/07/14       Tue 17/12/13       116  Wed 30/07/14    Thu 02/01/14        118  

121. Facility mgt. Building X    10 - 10 = 0  Sat 12/07/14       Tue 17/12/13       116  Thu 24/07/14     Sat 28/12/13          126  

122. Basement                                      X      2 - 2  = 0  Thu 24/07/14      Tue 11/03/14       115  Mon 28/07/14    Thu 13/03/14        116  

123. Ground Floor  X    65 - 65 = 0  Mon 28/07/14     Thu 13/03/14       116  Thu 16/10/14     Tue 03/06/14        115  

124. 1st Floor  X    45 - 45 = 0  Thu 16/10/14      Tue 03/06/14       115  Thu 11/12/14     Tue 29/07/14        115  

125. 2nd Floor                                     X    42 - 42 = 0  Thu 11/12/14      Tue 29/07/14       115 Mon 02/02/15    Thu 18/09/14        116  

126. Steel Burglar Proofing      

127. Fabrication  X    84 - 84 = 0  Tue 27/05/14      Thu 12/12/13       141  Mon 08/09/14    Thu 27/03/14        140  

128. Ground Floor   X    45 - 45 = 0  Tue 16/09/14      Fri 02/05/14        116  Mon 10/11/14    Fri 27/06/14         115  

129. 1st Floor                                                 X    25 - 25 = 0  Fri 05/12/14        Tue 22/07/14       116  Mon 05/01/15    Fri 22/08/14         115 

130.                                                              

131. Suspended Ceiling     

132. Delivery of Materials  X       2 - 2 = 0  Mon 04/08/14     Thu 12/12/13       174  Tue 05/08/14     Mon 16/12/13       192  

133. Gate House  X    14 - 14 = 0  Wed 06/08/14     Thu 02/01/14       184  Fri 22/08/14      Mon 20/01/14       156  

134.  Facility mgt. Building                                                                                                                                                                 X    10 - 10 = 0  Wed 06/08/14     Wed 15/01/14      173  Mon 18/08/14    Tue 28/01/14        172  
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               Appendix B7       CONTD.                              
             óAs-Builtô and óAs-Plannedô Schedule Variance for Plan C36(1) of Case Project 1          

 
S/N                  ACTIVITY                                                                       DV/DAYS               START   VAR                      DAYS               FINISH      VAR                 DAYS  

135. Basement                            X  20 - 20 = 0  Mon 18/08/14     Tue 11/02/14        160  Thu 11/09/14      Fri 07/03/14         160  

136. Ground Floor  X  56 - 56 = 0  Thu 23/10/14      Fri 11/04/14         140  Thu 01/01/15      Thu 19/06/14       167  

137. 1st Floor  X  40 - 40 = 0  Wed 10/12/14     Mon 19/05/14       175  Wed 28/01/15     Mon 07/07/14      175  

138. 2nd Floor                             X  30 - 30 = 0  Fri 16/01/15        Fri 04/07/14         167  Mon 23/02/15     Mon 11/08/14      167  

139. Aluminium Partitions      

140. Delivery of DEKO partition                       X     3 - 3 = 0  Thu 11/09/14      Thu 12/12/13        233  Mon 15/09/14     Tue 17/12/13       232  

141. Facility mgt. Building  X     7 - 7 = 0  Mon 15/09/14     Tue 28/01/14        196  Tue 23/09/14      Wed 05/02/14      196  

142. Basement  X     7 - 7 = 0  Thu 11/09/14      Fri 07/03/14         160  Sat 20/09/14       Sat 15/03/14        161  

143. Ground Floor                              X  10 - 10 = 0  Mon 19/01/15     Tue 08/07/14        166  Fri 30/01/15       Sat 19/07/14         166  

144. 1st Floor  X  18 - 18 = 0  Wed 04/03/15     Mon 11/08/14       175  Thu 26/03/15      Tue 02/09/14       175  

145. 2nd Floor  X  28 - 28 = 0  Mon 30/03/15     Fri 05/09/14         175  Mon 04/05/15     Thu 09/10/14       176  

146. Thrisgton Partitions (Toilet)      

147. Delivery of partition                                    X     1 - 1 = 0  Tue 16/09/14      Thu 12/12/13        237  Tue 16/09/14      Fri 13/12/13         236  

148. Ground Floor                                     X     7 - 7 = 0  Fri 17/04/15        Sat 18/10/14        154  Sat 25/04/15       Mon 27/10/14      154  

149. 1st Floor                                                 X     5 - 5 = 0  Fri 17/04/15        Sat 18/10/14        154  Thu 23/04/15      Fri 24/10/14        154  

150. 2nd Floor                                                                                                                           X     3 - 3 = 0  Fri 17/04/15       Sat 18/10/14         154  Tue 21/04/15      Wed 22/10/14      154  
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